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1. Introduction 

1.1 Testosterone and Anabolic Androgenic steroids 

19-nortestosterone (Nandrolone) is the second most misused anabolic androgenic steroid 

(AAS) (1) and resembles testosterone but without the methyl group in position 19 (Figure 1) 

(2). The use of AAS is forbidden in sports, they include endogenous steroids like testosterone 

or dihydrotestosterone (DHT) and synthetic derivatives. Therefore they are included in the 

World Anti Doping Agency (WADA) list of prohibited compounds (3). 19-Norandrosterone 

(19NA) in its glucuro-conjugated form (19NAG) is the main urinary metabolite nandrolone 

and its pro-hormones 19-norandrostenedione and 19-norandostendiol (4). In women, low 

levels of 19NA could be found naturally in urine because it is a minor metabolite of 

norethisterone, a progesterone agent, and also produced during pregnancy (5). 19NA can be 

found in men and woman urine at low concentration because it is a intermediate in the 

biosynthesis of estrogens from testosterone (6). 

 
Figure 1. Molecular structure of nandrolone and testosterone 

 

Testosterone has both anabolic effect, growth of skeletal muscle, and androgenic effect, 

development of secondary masculine characteristics. Synthetic AAS were developed to 

increase their potency, reduce their side effects or prolong their half-life time compared to 

testosterone. To increase their half-life, steroids are usually administered esterified, then the 

first mestabolisation step is a hydrolysis of the ester part to activate the steroid (7) (8). Then 

the target tissue determines the biological effect. Androgenic tissues like testicles and 

intestine express the enzyme 5α-reductase, mainly responsible for the conversion of steroids 

to androgenic compounds. Anabolic tissues, e.g. skeletal muscles, lack the 5α-reductase and 

therefore give anabolic effect (Figure 2). The use of AAS can affect the behavior of the 

athlete and give arise to a more aggressive behavior. Other side effects can be hallucinations, 

sleeping disorders. AAS give arise to genomic effects by influencing a gene regulation but 

also non-genomic effects which affects the signal transduction of second messengers (8). 
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Figure 2. Schematic picture of the two action pathway of nandrolone 

depending on the target tissue 

 

From the beginning, AAS were supposed to be used for treatment of delayed puberty and 

growth failure. However, it is used illegally to enhance performance by athletes and to get a 

better body image but it is still used for treatment of wasting syndrome, a disease were muscle 

and fat tissues are fading away, and hypogonadism, a low or non-existent production of sex 

hormones (9).  

 

1.1.1 History 

Testosterone was isolated and characterized for the first time in the 1930s in Germany and 

many AAS were synthesized shortly after. In the 1930s and 1940s AAS and testosterone were 

used to treat depression. During the 1970s, AAS were commonly used by elite athletes and 

body builders (10). Nandrolone was synthesized for the first time in 1950 together with many 

other AAS to test the potency for treating catabolic conditions, a condition when the body 

overuses fat and muscles. Due to the potent effect on muscles, AAS started quickly to be 

misused and abused by elite athletes for doping purposes. Therefore in 1974 the International 

Olympic Committee (IOC) decided to classify AAS as forbidden compounds followed in 

1984 by endogenous steroids such as testosterone (11). 
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1.1.2 Nandrolone metabolism and mechanism 

The two phases of nandrolone metabolism are very similar to the ones of testosterone. The 

aim of the metabolism is to improve the excretion of the exogenous compounds from the 

body. In phase I, the steroid is converted into more polar compounds. These steps can modify 

the activity of the compound. The rate limiting step in the first phase is the cleavage of the 

double bond which gives two isomers. This reaction is catalyzed by 5α and 5β-reductases and 

3α-hydroxysteroide deshydrogenase which are primarily located in the liver. In the phase II, 

the steroid or the metabolites are deactivated by conjugation with a sulfate or a glucuronide 

group, in this way the steroid will become more hydrophilic and more easily excreted through 

urine (11) (12). 

Steroids are small molecules (around 288Da) which can enter the cells by passive diffusion. 

The target for steroids is the steroid receptors; androgen receptors are located in the 

cytoplasm. When inactive, the receptor binds to the chaperone Hsp90, this complex 

composition makes it possible for the steroid to bind to the receptor and also keep the 

complex soluble in the cell. When a steroid binds to the receptor, it causes a conformational 

change and Hsp90 will dissociate which activates the receptor. The active receptor will then 

enter the nucleus and bind to specific sequences on the DNA by its DNA-binding domain, 

two zinc-fingers, subdomains consisting of a zinc atom to stabilize the finger structure by 

binding to the amino acid residues cystein and histidine. The zinc-finger matches specific 

grooves on the DNA where the receptor binds and thereby initiates translation of proteins 

with anabolic effect. The genomic effect takes hours up to days compared to the non-genomic 

effect which gives an effect within seconds (8).  

 

1.1.3 Nandrolone, rational for analysis 

According to WADA, the endogenous or exogenous origin of 19NA in urine has to be 

evidenced when a urine sample contains 19NA between 2-10 ng/mL and over 15 ng/mL in 

case of pregnancy. This analysis is performed by gas chromatography coupled to a 

combustion oven and isotope ratio mass spectrometry (GC/C/IRMS). The analysis must also 

contain a negative and a positive urine sample from excretion study treated the same way as 

the investigated sample. After GC/C/IRMS analysis, the identity of the 19NA peak must be 

verified by determining the mass spectra by GC/MS under comparable conditions (5).  
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1.2 Isotope ratio mass spectrometry 

1.2.1 Measurement 

GC/C/IRMS is able to determine the relative ratio between light stable isotopes, such as 
13

C/ 
12

C, 
2
H/

1
H or 

15
N/

14
N. The 

13
C/

12
C ratio is measured relative to a standard rich in 

13
C, the 

Vienna Pee Dee Belenite (VPDB) in order to avoid bias and systematic errors.  

For our purpose, a mix of steroid standards (CU/USADA-34-2, courtesy of Brenna 

Laboratory, Cornell University, NY, USA) with certified isotopic composition is used to 

calibrate a reference gas (CO2 from Air Liquide (Paris, France)). Then, measurements are 

made with several injections of 20 seconds of calibrated CO2. The isotopic ratio is determined 

by using delta notation (Equation 1) (13). 

δ
13

C[‰] = 1000 × (((
13

C/
12

C)sample) / ((
13

C/
12

C)standard)) - 1)  (Equation 1) 

 

1.2.2 Scale  

The IRMS software calculates the isotopic ratios using CO2 as reference. The isotopic ratio 
13

C/
12

C depends on the different combinations of 
12

C, 
13

C, 
16

O, 
17

O, and 
18

O. The mass ratio 

44/45 corrected by the contribution of 
17

O for mass 45 allow to determine the ratio 
13

C/
12

C. 

Since the presence of 
13

C
17

O
16

O and 
12

C
17

O
17

O is statically unlikely, the measurement of the 

mass 46 allow determining the quantity of 
12

C
18

O
16

O and determining the contribution of 
17

O 

for the mass 45, which can be up to 7% (14). Then the system uses the Creg equation 

(Equation 2) which links the isotopes 17 and 18 of oxygen. 

17
O/

16
O = (

18
O/

16
O)

a
 × K    (Equation 2) 

a = 0.516 

K = 0.0099235 

Then the ratio 45/44 is corrected by the Creg equation. 

 

1.2.3 Isotopic fractionation  

Isotopic fractionation occurs in nature due to biological and chemical processes which give 

small variations in the carbon isotopic ratio (15). 

Different plants show variations in their 
13

C/ 
12

C depending on their photosynthesis pathways. 

C4 plants like sugar cane and corn have δ
13

C values around -8 to -20‰ compared to VPDB 

and C3 plants like barley, rye and wheat have δ
13

C values around -22 to -35‰. Since the 

carbons used by the human body to produce endogenous compounds are provided by the diet, 

their isotopic composition will reflect what people usually eat. European people will show 

more 
13

C depleted values compared to a person from America whose diet is richer in C4 plants 

(13).  
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Phytosterols extracted from soya, a C3 plant, are used as precursor in the synthesis of AAS. 

This usually leads to steroids depleted in 
13

C compared to endogenous steroids. This change 

will also be observed in the metabolites of the steroid such as 19NA and therefore it is 

possible to determine if the steroid is of endogenous or exogenous origin (16). Endogenous 

reference compounds (ERC) are endogenous steroids that are not influenced by the exogenous 

intake of the compound of interest, here nandrolone or a pro-hormone. For this project, 

androsterone (A) and pregnandiol (PDiol) were investigated as potential ERC since they are 

not influenced by nandrolone (17). The difference between the 
13

C/
12

C of the ERC and the 
13

C/
12

C of the analyzed metabolite is not allowed to exceed 3 ‰ according to WADA, a result 

exceeding this limit indicates use of synthetic steroids (16). 

 

1.2.4 System description 

Splitless injection in GC is often used for trace analysis (18). The sample is injected onto the 

GC, where it will vaporize and pass the column by following the carrier gas, usually helium. 

The different components in the sample will be separated by their affinity with the stationary 

phase coated onto the inner wall of the column and the carrier gas (15). To avoid large 

amounts of solvent to enter the oxidation furnace, a backflush system using helium is used 

directly after the GC column. To allow the eluted compounds to enter the reactor, the 

backflush is turned off just before the expected retention time of the compounds of interest. In 

the combustion reactor, which consists of a non-porous alumina tube (made of copper, nickel 

and platinum wires) (15) the compounds from the GC are oxidized to CO2, NOx, and H2O at 

950°C. Produced NOx is reduced to N2 in the reactor by the excess of Ni/NiO. During the 

oxidation, H2O will be formed and removed by a Nafion membrane, a polymeric capillary 

which is permeable to water. When the H2O has been removed, the compounds enter the 

ConFlo IV, a gas management device where the reference gas, CO2, can be added. After that 

the compounds enter the IRMS (Figure 3) (19).  
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Figure 3. Description of the GC/C/IRMS instrument 

 

In order to keep its oxidation capacity and to clean it, the combustion oven needs to be 

reoxidized periodically (during 1 hour every 30-50 analyses). Reoxidation is performed by 

allowing O2 through the combustion oven; meanwhile, the rest of the system is protected by 

the backflush (19).    

 

1.2.5 Application to Nandrolone analysis 

In 2010, De la Torre et al. published the simplest method so far for purification of 19NA in 

urine sample for GC/C/IRMS analysis. In earlier methods, the sample volume varied between 

10 to 50 mL of urine. Solid Phase Extraction (SPE) and Liquid Liquid Extraction (LLE) were 

used for pre-concentration and both normal and reversed phase HPLC required during the 

purification. Derivatization by acetylation of the target compounds was required. In this 

simplified method, a sample volume of 21 mL urine was used. The first purification steps 

include a SPE, a hydrolysis of the glucuro-conjugation and a LLE. Then, only one round of 

HPLC was used for purification and no derivatization was required (4).  

 

2. Aim 

The aim of the project was to implement a method for determining the origin of 19NA in 

human urine by using Gas Chromatography Combustion Isotope Ratio Mass Spectrometry 

(GC/C/IRMS). 
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3. Material and method 

3.1 Chemicals 

Reagents and solvents used during the project, 2 phosphate salts, Na2HPO4 and 

NaH2PO4.H2O, 2 carbonate salts, K2CO3 and KHCO3, purchased from Merk (Darmstadt, 

Germany); Tert Butyl Metyl Ether (TBME), methanol (MeOH) and n-pentane from Lab Scan 

(Gliwice, Poland); cyclohexane, isopropanol were purchased from Sigma Aldrich (St Louis, 

MO, USA) and ACN from VWR Chemicals (Radnor, Pennsylvania, USA). The steroids 

standards, 19NA and 19NAG were purchased from Steraloids (Newport, RI, USA). β-

Glucuronidase was provides by Roche (Basel, Switzerland). A and PDiol were used as ERCs 

and provided by LoGiCal (Luckenwalde, Germany) and Sigma Chemicals (St Louis, MO, 

USA). 

 

3.2 Sample preparation 

Unfreeze 20 mL of urine sample (negative urine obtained from a 33 y.o. male subject) in 

water bath at 37°C before extraction on a SPE column Chromabond C18 6 mL/500 mg from 

Macherey-Nagel (Düren, Germany) conditioned with 2 mL MeOH and 2mL water produced 

on a Milli-Q water purification system (Billerica, MA, USA). After application of the urine, 

the SPE columns are washed with 2 mL water and eluted with 2 mL MeOH. Prior to 

hydrolysis with 100 µL β-Glucuronidase from E.coli for 60 minutes at 50°C, 1 mL of 

phosphate buffer 0.2M (pH 7) is added (2 g of Na2HPO4 and 1 g of NaH2PO4.H2O in water to 

a volume of 100 mL). Then, 500 µL carbonate buffer (10 g of K2CO3 and 10 g of KHCO3 in 

water to a volume of 100 mL) is added to modify the pH to around 10 which neutralize the 

steroids in order to extract it in the organic phase. At this pH, the steroids will be neutral due 

to their pKa> 12. Interfering compounds present in the sample that are charged at pH 10 will 

be cleaned away. A LLE is performed using 2x5 mL TBME, the organic phase is collected 

and evaporated to dryness under air flow at 50°C. The sample is then transferred to HPLC 

vials by adding 2x300 µL MeOH. Reconstitution was performed in 50 µL of a mix 

ACN/water (50:50) prior to injection onto HPLC-UV 1100 system from Agilent (Santa Clara, 

CA, USA) equipped with a column ACE, C18 (150x4.6 mm) from ACE (Aberdeen, Scotland) 

or Thermo hypersil Gold Phenyl (150x4.6 mm) from Thermo Scientific (Bremen, Germany) 

coupled to a fraction collector Infinity 1260 from Agilent (Santa Clara, CA, USA) The target 

compounds are detected at λ = 195 nm. For 19NA the time span for the collected fraction was 

chosen as narrow as possible in order to isolate the 19NA peak, due to the low concentration. 

The ERC is present in high concentration in urine therefore the time span is less crucial.    

In order to find an acceptable HPLC purification that does not give arise to disturbing 

contamination peaks at low concentrations of 19NA (2 ng/mL urine), several conditions were 

tried out, with different mobile phase compositions for the gradient, columns, speed, and 

temperature, (Table 1). Two methods with the ACE and two with the Thermo column where 

chosen for further investigations (Table 1). These methods were chosen for the separation of 

19NA and A peak and differences in retention times.  
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A urine sample spiked with 19NAG, which is the most abundant form of 19NA in urine, and 

one urine blank were run for each of the four conditions; fractions were collected for 19NA 

and A as ERC. The collected peaks were evaluated by GC/MS. 

Table 1. The four HPLC methods investigated for sample preparations 

Method 1 2 3 4 

Column ACE ACE Thermo hypersil 

Gold Phenyl 

Thermo hypersil 

Gold Phenyl 

Temperature 

(°C) 

25 25 30 50 

Flow rate 

(mL/min) 

1 1 1 1.5 

Start% ACN 20 10 10 10 

Run time (min) 27 32 32 27 

 

These two HPLC columns plus the column routinely used for testosterone analysis, a 

LiChroCART, RP-18 (250x4 mm) from Merck (Darmstadt, Germany) were tested for 

bleeding issues. Blank samples were run on the different columns and 4 fractions of 2 minutes 

were collected at the end of the run where the ACN percentage is the highest. The fractions 

were derivatized by adding 100 µl of a derivatization mix containing of NH4I (2.14 mg/mL) 

and ethanethiol (3.20 µL/mL) in Methyl(trimetylsilyl)triflouracetamid (MSTFA), to the 

sample and put in heat block at 60 °C for 30 minutes and analyzed by GC/MS.  

 

3.3 GC/C/IRMS 

The GC/C/IRMS is composed of a GC Agilent 7890a from Agilent (Santa Clara, California, 

USA) coupled to a GC Isolink, a ConFlo IV and an IRMS Delta V Plus from Thermo 

(Waltham, MA, USA). It is very important that the system is working correctly, therefore 

several tests are used to control the performances of the instrument.  

A scan over the range of masses covered by the system gives an idea of the background 

expected in different conditions for N
+
, O

+
, H2O

+
, N2

+
, O2

+
, Ar

+
, CO2

+
 (Figure 4). 

Specifications have to be reached in order to exclude leakage, influence on δ
13

C 

measurements, etc. Zero enrichment test, injection of 10 pulses of 20 seconds of the reference 

gas CO2, is used to check the repeatability of the measurements. The standard deviation (SD) 

of the δC-values of the 10 pulses shall be bellow 0.06. The linearity of the instrument is tested 

with a similar test as the zero enrichment test but with increasing amount of CO2 into the 

IRMS. Since the isotopic composition is not dependant on the concentration, the system shall 

display linearity over the range expected for the sample around 500 mV to 6000 mV (14). 

When a linear regression is performed between the intensity for mass 44 in volt for the CO2 

peaks and the corresponding δ
13

C-values, the slope shall be lower than 0.06.   
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Figure 4. A mass scan over the range covered by the GC/C/IRMS 

 

A transfer test with the injection 3 µL of air is performed to determine if an injected sample 

will go correctly through the system, it gives indications about peak shape and intensity. The 

mass of argon (m/z 40) is followed for this test.  

The linearity of 19NA measurement on the GC/C/IRMS was performed by injecting 6 

samples containing 19NA over the range 0.5-64 µg/mL.          

Tests were performed regarding the reconstitution solvent using cyclohexane, isopropanol or 

a mix of them. Fractions collected after the HPLC purification were reconstituted in 20 µL of 

solvent for 19NA, 100 µL for PDiol and 900 µL for A prior to analysis by GC/C/IRMS. For 

the fraction containing 19NA and PDiol, 3 µL were injected and 1 µL for the fraction 

containing A. 

3.4 Identification by GC/MS 

A GC Agilent 6890N coupled to an MS Agilent 5973N from Agilent (Santa Clara, California, 

USA) was used to analyze the samples and identify the peaks observed by GC/C/IRMS and 

determine their purity. For this purpose, the fractions collected after HPLC purification were 

reconstituted in 100 µL of solvent for 19NA, 500 µL for PDiol and 1500 µL for the A 

fraction. Each fraction, 1 µL, was injected onto the GC/MS in the splitless mode.    
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4. Results and discussion 

4.1 Sample preparation 

Of all the different conditions tried out on the HPLC, four methods were chosen for further 

investigations (shown in Appendix I). The fractions obtained from the different HPLC 

methods were analyzed by GC/MS.  

For the first fraction in method #1 and #2 (ACE column with different gradients), 19NA was 

detected at a retention time (Rt) of 11.69 min. In the second and third fractions no peak was 

observed at 11.69 min which mean that 19NA was entirely collected in fraction 1. This is 

crucial because the HPLC separation is subject to strong isotopic fractionation, 
12

C are eluting 

faster than 
13

C. Therefore, if the HPLC collection is not complete, this will lead to an 

important isotopic fractionation and to false δ
 13

C-values determination. However, it was not 

possible to completely exclude A from the 19NA fractions (Figure 5) (Appendix II c). For 

method #3 and #4 (Thermo hypersil Gold Phenyl) some contamination interfere with the 

detection of 19NA (Figure 6) (Appendix III c).  

 

 
 

Figure 5. Chromatogram obtained by GC/MS using method #2, fraction 1, for 19NA and A peak,  

spiked with 19NA 2 ng/mL. Including the extracted ion chromatogram, 276.3 
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Figure 6. Chromatogram obtained by GC/MS using method #3, fraction 1 for 19NA, spiked at 2 ng/mL. 

Including an extracted ion chromatogram, showing the contaminant ion, 253.1, which hides the 19NA 

peak. If the contaminant is subtracted the 19NA peak is found  

 

Regarding the purification of 19NA, the use of ACE column gave the best results. However, 

despite further investigations on the separation of 19NA and A, it was impossible to avoid 

completely A in the 19NA fraction because of its very high concentration compared to 19NA 

in urine samples. For this reason, PDiol another endogenous steroid that is not influenced by 

the exogenous intake of the compound of interest was investigated as ERC from this time 

point (Appendix IV). 

4.2 GC/C/IRMS 

For the linearity test, the δ 
13

C/
12

C (mean ± SD) was plotted against the intensity in mV for 

the 6 concentrations, 0.5-64 µg/mL (Figure 7). Linearity is acceptable between 300 and 

7000 mV which are sufficiently for the GC/C/IRMS analysis in this project. If the intensity 

lay outside 300-7000 mV it is possible to dilute or concentrate the sample to be able to 

measure within the acceptable linearity range.   
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Figure 7. Linearity test performed with 6 concentrations over the range 0.5-64 µg/mL, 

δ
13

C/
12

C (mean ± SD) plotted against the intensity in mV  

 

 

Reconstitution of the 19NA standard in isopropanol gave higher peak intensity than in 

cyclohexane or a mix cyclohexane/isopropanol (4:1), so it was decided to use isopropanol for 

further investigations. However, once in real urine samples, an extreme CO2 background was 

observed on GC/C/IRMS. This carbon contamination was persistence in spite of several 

attempts to clean the column. An investigation of the different HPLC columns was performed 

to see if there were any residual alkanes present in the collected fractions. The hypothesis was 

that if the HPLC column was bleeding, this might give a high background in IRMS due to all 

the carbon loaded on the system. However, the column used for the routine analysis at the 

doping laboratory seemed to bleed as much as the other columns and it has never caused this 

kind of problem (data not shown).  

Another hypothesis for the high CO2 background in the IRMS can be that some alkanes from 

the bleeding HPLC column are less soluble in cyclohexane than in isopropanol and will be 

present in the sample injected onto the system. At a concentration of 15 ng/mL it is possible 

to detect 19NA on IRMS but not at a concentration of 2 ng/mL (Appendix V).  

 

4.3 Identification by GC/MS 

Unlike analysis by IRMS, the background in GC/MS was not affected. However, this 

background affect the detection of CO2 (m/z 44, 45 and 46) and the GC/MS analysis is a scan 

between m/z 50-700 Da.  

The bleeding of the different HPLC columns was tested. The column presenting the less 

bleeding was the ACE which was then used for the following experiments (data not shown).  
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For the final method, it was possible to detect 19NA over the concentration range 

2-15 ng/mL, (Figure 8, 9).  

19NA was not detected by IRMS but it was present in the fraction which was proved by 

GC/MS. This could be due to a lack in the system sensitivity, the sensitivity can be improve 

by cleaning the ion source, changing the reactor, etc.  

 

 

Figure 8. Chromatogram obtained by GC/MS using method #2, fraction 1,  

for 19NA spiked at 2 ng/mL of 19NA 

 

 

 

 
 

Figure 9. Chromatogram obtained by GC/MS using method #2, fraction 1,  

 for 19NA spiked at 15 ng/mL 
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5. Conclusion and perspective 

19NA is the main urine metabolite of nandrolone, an AAS prohibited in sports. According to 

the WADA rules, antidoping laboratories have to perform IRMS analysis on urine samples 

containing 2-15 ng/mL of 19NA to determine its endogenous or exogenous origin. The aim of 

this project was to implement a method for determine the origin of 19NA in urine by using 

GC/C/IRMS.  

Linearity is acceptable between 300 and 7000 mV which are sufficiently for the GC/C/IRMS 

analysis in this project.  

By means of HPLC equipped with the ACE column, 19NA and PDiol, the ERC, were 

separated and the purity of the fractions, proved by GC/MS in the scan mode, fit the purpose 

of IRMS analysis. However a high and persistent CO2 background was observed on the IRMS 

after the first assays. After investigation and extended maintenance on the system, the 

problem with the high CO2 background was eventually solved by changing the reconstitution 

solvent to a mix of cyclohexane/isopropanol instead of pure isopropanol. 19NA was 

detectable at 15 ng/mL but not at the lower required concentration limit for which further 

development is required. To be able to detect the lower concentration limit, the system must 

be in the best shape therefore the ion source should be cleaned and the reactor changed.  
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Appendix I 

Chromatogram of the 4 HPLC methods chosen for further investigation, showing the 19NA 

and the ERC, A peak 

 

 

 

a) Chromatogram obtained by HPLC-UV (λ = 195) equipped with the ACE 

column using method #1 for 19NA and A at 20 µg/mL 

 

 

 

 

 

 

 

b) Chromatogram obtained by HPLC-UV (λ = 195) equipped with the ACE 

column using method #2 for 19NA and A at 20 µg/mL 
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c) Chromatogram obtained by HPLC-UV (λ = 195) equipped with the Thermo 

column using method #3 for 19NA and A at 20 µg/mL 

 

 

 

 

 

 

 

d) Chromatogram obtained by HPLC-UV (λ = 195) equipped with the Thermo 

column using method #4 for 19NA and A at 20 µg/mL 
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Appendix II 

Chromatogram obtained by GC/MS for 19NA at 2 ng/mL for method #1 and #2 (ACE 

column), shown in TIC 

 

 

a) Chromatogram obtained by GC/MS of the standard 19NA at 20 µg/mL  

 

 

b) Mass spectrum obtained by GC/MS of 19NA and its molecular ion at 

m/z 276.3 
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c) Chromatogram obtained by GC/MS using method #1, fraction 1, for 19NA 

and A, spiked with 19NA, 2 ng/mL 

 

 

 

 

 

d) Chromatogram obtained by GC/MS using method #1, fraction 2, for 

Etiocholanolone (E) an enantiomer of A and also present at high 

concentrations in urine (not of interest during this project).  
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e) Chromatogram obtained by GC/MS using method #1, fraction 3, for the 

ERC, A  

 

 

 

 

 

f) Chromatogram obtained by GC/MS using method #2, fraction 2, for 

Etiocholanolone (E) an enantiomer of A and also present at high 

concentrations in urine (not of interest during this project).  
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g) Chromatogram obtained by GC/MS using method #2, fraction 3, for the 

ERC, A  
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Appendix III 

Chromatogram obtained by GC/MS for 19NA at 2 ng/mL for method #3 and #4 (Thermo 

column), shown in TIC 

 

 

a) Chromatogram obtained by GC/MS using method #3, fraction 2, for 

Etiocholanolone (E) an enantiomer of A and also present at high 

concentrations in urine (not of interest during this project)  

 

 

 

 

b) Chromatogram obtained by GC/MS using method #3, fraction 3,  for E and 

the ERC, A   
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c) Chromatogram obtained by GC/MS using method #4, fraction 1, for 19NA, 

spiked at 2 ng/mL. Including an extracted ion chromatogram, 276.3, 

showing the contaminant ion 253.1 which hide the 19NA peak. If the 

contaminant is subtracted, 19NA peak is found 

 

 

 

 

d) Chromatogram obtained by GC/MS using method #4, fraction 2, for 

Etiocholanolone (E) an enantiomer of A and also present at high 

concentrations in urine (not of interest during this project)  
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e) Chromatogram obtained by GC/MS using method #4, fraction 3, for E and 

the ERC, A  
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Appendix IV 

Change of ERC from A to PDiol  

 

 

 

a) Chromatogram obtained by HPLC-UV (λ = 195) equipped with ACE 

column using the method #2 for 19NA,  A and PDiol at 20 µg/mL 
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Appendix V 

Obtained result by IRMS for 19NA at 15 ng/mL  

 

 

 

 

a) IRMS analysis for 19NA at 15ng/mL, gave the Rt 892.01, the amplitude 44 

was 900 mV and δ
13

C/
12

C was determined to -25.259 ‰ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


