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Aldosterone has formula C21H28O5 which alike formula of cortisone. But 

there is only one methyl [-CH3] in chemical structure of aldosterone 

leading to re-arrangement in carbon order compared to hydrocortisone 

and cortisone. Structure and carbon numbers were shown in figure 9.  

Besides, water solubility of aldosterone is very low, at 0.0512 mg/mL 

according to Drugbank resource. The spectra of aldosterone had proofed 

that it was insoluble in water but well soluble in acetone as there was 

not many signals detected in spectra of aldosterone in D2O. This 

assignment was conducted with aldosterone in deuterated acetone.  

C1 and C19 in aldosterone was at position of C2 and C1 in other CLCs 

used in this project. C19 had double bonds to an oxygen forming a 

ketone [=O] group, which was one of the three ketone groups in 

aldosterone together with C7 and C20. Two hydroxyl [-OH] groups were 

attached to the compound via C12 and C21. These led to the divergence 

Figure 10: Structure of Aldosterone with theoretical chemical 

shifts of proton (red) and carbon (blue) 
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in predicted chemical shifts of atoms near C19 in aldosterone compared 

to those in hydrocortisone. The other atoms that were far from C19 

remained unchanged in tentative chemical shifts. The tentative chemical 

shifts were shown in figure 10. 

Figure 11 below would show 1D 1H, 2D HSQC, HMBC, TOSCY and DEPT 

spectra of aldosterone. Signals separated themselves into two parts in 

the spectra with lots of complicated signals to compare with other CLCs 

spectra in this thesis. The presence of acetone was expected to be 

reason of this increase in number of signals. There were two high signals 

at 1.29 ppm that belonged to CH3 group of C1. The greatest signal at 

2.053 ppm was one of acetone signals. Beside the condensed region, 

other signals were less difficult to isolate. A signal at 5.80 ppm was 

notable as signal from proton of C8. 

There were some difficulties to isolate and to assign all chemical shift 

signals of aldosterone due to the complicated and interfered signals 

between acetone and aldosterone in the same sample mixture. All 

suggestive detected signals were shown in appendix 7. 

Figure 11: 2D HSQC (blue), HMBC (red), DEPT (violet) and 1D 

(green) NMR spectra of Aldosterone in deuterated acetone 
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signals could be isolated. Three of those signals were: C1 - 0.83;18.16 

ppm, C2 - 1.40;23.28 ppm, and C13 - 5.78 ppm. The report of all 

assigned chemical shifts were shown in appendix 8. 

A short notice for this 3.3 section, the similarity in CLCs structure is that 

they all have four rings structure (three 6-carbons rings and one 5-

carbons ring) and one tail attached to 5-carbons ring. Shown in figure 

13, it could be seen that four CLCs are differentiated from each other by 

chemical groups linked to two carbons in region A and region B, which 

belong to the two rings structure in the centre and near the tail of each 

molecule. In case of aldosterone, there is third divergence with having 

Figure 13: Regions which make CLCs diversed from each other by 

linking to different functional groups 

The tails of CLCs are not shown in the figure. CLCs are presented in 

order Cortisone (blue), Hydrocortisone (black), Aldosterone (green), 

and Corticosterone (red). 
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only one methyl group as the other methyl group in other three CLCs is 

a ketone group in aldosterone making the variance in carbon order 

(region C). 

Through this CLCs assignment, it is obvious that the signal around 5.8 

ppm plays important role in assigning CLCs in saliva. As shown in all the 

structure figures of CLCs and the figure 13 above, they are slightly 

diverse in carbon-linked groups in some the middle positions of the 

compound, whether in the centre or at the carbon where it connects to 

the tail end of the compound. Many carbons near those positions have 

their one or two protons. These protons create different angles to each 

other. As the bonds in carbon change, the angles between their protons 

change. It leads to the signal shifting of these protons in NMR spectra. 

Some carbons containing no proton, but it directly links to methyl groups 

or links to carbons whose have theirs change in proton signals, are also 

impacted resulted by theirs shifts of signal. The proton signal at 5.8 ppm 

somehow stands out from that. It has a bond to a carbon whose it is not 

significantly affected by the derivative variances. There are two 

explanations for this: 

• The carbon has double bonds to the neighbour carbon. 

• The carbon has the other neighbour carbon having a ketone group.
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The structure of this is shown in figure 14. As seen, both carbon’s 

neighbours have their own double bonds and have no proton linked to 

them. Therefore, no proton angle that could make change in signal are 

formed in that area. This structure makes the signal of proton at 5.8 

ppm significantly stable. 

Figure 14: Highlighted structure that causes the stable signal 

at 5.8 ppm 
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Two titration areas had been indicated from the spectrum: 1.405 ppm 

and 5.782 ppm. In the previous assignment, one of the methyl groups 

of hydrocortisone (C2) had been assigned at 1.41 ppm while 5.78 ppm 

has been similar to position of hydrogen at C13. The 1.41 ppm and 5.78 

ppm regions were integrated, and results were shown in figure 16. The 

values of integral were shown in appendix 9. 

 

Figure 16: Results of two titration regions found in Hydrocortisone 

From the results, there was not well related between reference, 20 μL 

hydrocortisone and 40 μL hydrocortisone added samples as the 

increasing lines were different. Region of 1.41 ppm had lower increase 

from standard to 20 μL hydrocortisone added sample and higher rise 

from 20 μL hydrocortisone added sample to 40 μL hydrocortisone added 

one. Whereas, the trendline of 5.78 ppm was steadily increased. The 

integral region at 5.78 ppm had around 0.15 more value than the 

integral at 1.41 ppm. The chart showed that the lines of both titration 

regions were mostly parallel.  
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Sample of 20 μL cortisone added and 40 μL cortisone added had the final 

concentration in the tube 0.009995 mM and 0.01999 mM 

correspondingly. The 1D-1H NMR spectra of cortisone titration was 

shown in the figure 17. 

Four titration regions were found in cortisone samples and their integrals 

and results were shown by diagram in figure 18. More detailed values of 

integral were shown in appendix 9. 

 

Figure 18: Cortisone titration result 

 Among four CLCs, cortisone was the one having most titration regions 

that were easy to detect. Four titration regions were 4.40 ppm, 1.40 

ppm, 0.63 ppm, and 5.83 ppm sorted by the descending of their values 

of integrals. Trendlines of 1.40 ppm and 0.63 ppm were mostly parallel 

with more increased in values. The other two lines were less likely, but 

still, parallel with small changes in values. 
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1.19 ppm had very similar values with their integrals for added 20 μL 

and 40 μL aldosterone samples. However, there was a big difference in 

integrals of both 1.19 ppm and 1.25 ppm in blank sample. With error 

calculated by Excel (Microsoft office, 2016), error bars of both titration 

regions were overlapped which could be the reason for this difference in 

their integrals. It was suggested that titration at 1.25 ppm was due to 

methyl group of C1 and titration at 5.80 ppm was from C8. 

Figure 19: Titration regions of Aldosterone. 

On the top, yellow indicates Aldosterone in deuterated acetone, violet 

is Aldosterone diluted in water. Green is reference saliva, red and 

blue are 20 µL and 40 µL stock added samples respectively. 



51 

 

 

Figure 21: Corticosterone titration regions. 

Reference saliva is shown in green, red and blue are 20 µL and 40 µL 

stock added samples. Corticosterone in water is shown in violet. 
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Figure 22: Results of Corticosterone titration 

Three titrated regions were 0.82 ppm, 1.40 ppm and 5.78 ppm. In 

general, integral of 0.82 ppm region had smallest value while the highest 

value belonged to 5.78 ppm integral. The trendlines of 0.82 ppm and 

1.40 ppm were nearly similar in shape with steadily increased. Also, 

integrals at 1.40 ppm and 0.82 ppm regions had their values expanded 

twice compared between reference and 40 μL added samples. The 

titration at 5.78 ppm increased greater between blank sample and 

sample with 20 μL stock and increased smaller between 20 μL with 40 

μL stock containing samples. It was notable that 0.82 ppm and 1.40 

ppm titration points came from two methyl groups of the compound 

whereas the other one at 5.78 ppm was from C13. 

A brief summary for this section, CLCs titration assignment has indicated 

that titration peaks are influenced by methyl groups and the remarkable 
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region (see 3.2 section). Methyl groups of all CLCs are titration detected, 

except one methyl group of hydrocortisone (C1 at 0.85 ppm). For CLCs 

with two methyl groups, the integrals of C2 (around 1.4 ppm) have 

greater values than the other. The methyl group leading to titration in 

hydrocortisone is also its C2 (at 1.41 ppm) while the only methyl group 

of aldosterone also leads to a titration point there (at 1.25 ppm). Hence, 

it is believed that signal of methyl protons from carbon at that position, 

centre of the compounds, is more powerful than those from the other 

methyl carbon. 

The clearest observation is the titration at around 5.8 ppm resulted from 

the special region that has been described earlier. In general, the 

titration integrals at 5.8 ppm tend to show more variance between 20 

μL stock added samples and reference sample than that between 20 μL 

and 40 μL stock added samples. Whereas, values of methyl groups tend 

to grow gradually. In addition, the signal at 5.8 ppm region seems to 

interact with a big molecule leading to a broad signal at the base. Thus, 

to have integration of this region, the whole board complex is integrated 

then it is splitted to smaller integrals.     
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corresponding regions could be recognisable region for CLCs. Here, the 

signals at all the four regions were marked as significant signals to detect 

CLCs in saliva. All signals appeared on the right of the correlation 

loadings that meant female group had more of those signals than male 

group. 1.19 ppm was slight inside the smallest circle which meant it was 

not significant. In opposite, 5.78 ppm was highly significant indicator. 

However, there was a female point laid together with male ones. which 

was collected from the only vegetarian in the student group. She also 

took antihistamine and Symbicort Turbuhaler. Symbicort Turbuhaler is 

a medicine used for asthma and chronic obstructive pulmonary disease 

(COPD). Two medicinal ingredients of this are budesonide and 

formoterol fumarate dihydrate. Formoterol is to bronchodilator while 

budesonide belongs to glucocorticoid (glucocorticosteroid), one of the 

two main sub-classes of corticosteroid (AstraZeneca, 2016, Kuna and 

Kuprys, 2002). This was supposed to be reason of the distinctive point 

between the girl and the rest of female group. 

Figure 25 indicated PCA plot of student’s saliva collected in 2018. As 

shown, female group (blue points) was spreaded out the cloud which 

Figure 25: PCA plot of 2018 group of student 
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were mixed with red points of male group. Here, it was not possible to 

group the sample according to their genders which was unlike the result 

from 2016 group. The correlation loadings were separated in to two part, 

two values on the left and two on the right which meant insufficient to 

have any conclusion. 

The student saliva of 2018 group was collected after lunch while that of 

2016 group was collected in the morning before eating. Hence, the food 

that has been eaten by the student group in 2018 is believed to cause 

this difference in grouping the points correlated to student’s gender. 

Because none of titration areas from session 3.4 could be detected in 

saliva of both student groups, the hypothesis in the beginning of this 

session is failed. However, reflecting back into session 3.4, almost 

titration regions of reference samples do not have any signal as well. 

The titration signals are seen in stock added samples rather than the 

non-added samples. One special thing is the broad signal at 5.8 ppm. 

This broad signal might come from overlapping or covering signal of 

Figure 26: Signal at 5.8 ppm of female (blue), male (red) and 

corticosteroid user (green) 
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CLCs at the region which seems to appear slightly more in female than 

in male, shown in figure 26. In 2016 group, female tends to have higher 

and greater board signal at 5.8 ppm region. Whereas male tends to have 

much lower or no broad signals with interference of a double peaks. Here, 

the girl who took medicine containing corticosteroid also has no broad 

signal with a doublet signal, like male samples. From this situation, two 

things that could be observed here: 

1. Women are more sensitive with specific regions in CLCs than men. 

2. It is possible to identify person who use corticosteroids. 

Since signal of CLCs at 5.8 ppm is a singlet, that doublet in this 

assignment is not the titration signal of CLCs but it could be related to 

CLCs signal. 

Plus, in a general 1D-1H spectrum, signals are usually overlapped 

causing the difficulty in detect a specific one, especially the region from 

0.8 ppm to water signal at 4.8 ppm. All titration regions of CLCs obtained 

from the previous session are in the condensed region of signals, the 

only exception is region at 5.8 ppm. All of these figure out the vital role 

of this region as a key region for studying of salivary CLCs.  

Finally, as ingestion of the food would affect the properties of saliva in 

term of composition and its quantification, shown by result of the 

student group in 2018, sampling of saliva is suggested to be in the 

morning and before any meal. 
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Followed K-index, adenosine-related compounds that were components 

of K-index’s calculated formula. The data were all presented as amount 

of metabolite detected in 100 g of SalmA. The unit to go with all values 

in these data was mmol. 

In NMR spectra, Hx signal presented at 8.193 ppm with a singlet peak. 

Amount of Hx has steadily rise in SalmA-Sal. It increased steadily as well 

in SalmA-TCA from day 6 to day 14 before speeding up to day 18. At 

day 18, SalmA-TCA had much higher amount of Hx than SalmA-Sal did. 

The result of Hx was presented by figure 28. 

Different from amount of Hx, amount of Ino from day 6 to day 11 had 

its amount increased more than 150 % in SalmA-TCA and more than 

190 % in SalmA-Sal. After that, amount of Ino in both decreased. 

Amount of Ino in SalmA-TCA at day 18 was same as it at day 6 whereas 

amount if Ino in SalmA-Sal at day 18 was slightly higher than it at day 

6. The amount of Ino in SalmA-Sal fluctuated from day 6 to day 8 as it 

increased to day 7 and decreased to day 8. In general, the amount of 
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Figure 28: Hypoxanthine in SalmA-Sal and SalmA-TCA based 

on data from day 6 to day 18 
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Ino in SalmA-TCA was all higher than that in SalmA-Sal as well as they 

had same trendline of increasing followed by decreasing (figure 29). 

Signal of Ino was presented as singlet at 8.352 ppm. 

Contrasting from both of Hx and Ino, amount of IMP in SalmA-TCA 

tended to fall whilst IMP in SalmA-Sal tended to rise, shown in figure 30. 

From day 6 to day 11, amount of IMP in SalmA-TCA gradually fell more 

than 9 times followed by slowly drop to day 18. IMP in SalmA-Sal rose 

slightly from day 6 to day 18. At day 6, amount of IMP in SalmA-TCA 

was 96 times higher than that in SalmA-Sal but at day 18, both were 

mostly the same. 
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Figure 29: Result of Ino isolated from day 6 to day 18 
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ATP and ADP were not included in this calculating as signals of both were 

sometimes separated themselves in the spectra, but sometimes they 

presented themselves as shared signal with one region only (Sitter et 

al., 1999). In K-value calculation, there was not important whether ATP 

and ADP present as one factor or two factors because they all resulted 

in the unchanged values of K-index. However, it could not be presented 

as individual indicator. 

As seen in data charts of Hx and Ino above, there were different in the 

shape of their trendlines while the isolated amounts of SalmA in both 

TCA and saliva extracts had similar trends. Differently, the trendline of 

SalmA-TCA was contrary to SalmA-Sal’s trendline in which one rose 

where the other fell. Additionally, there was a such a huge gap in amount 

of IMP in both kind of extracts at earlier days.  
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Figure 30: IMP detected in SalmA extracts 
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mentioned was ATP titration shown in figure 33. The region at 8.53 ppm 

contained the overlapped signals of ATP and ADP (Sitter et al., 1999). 

Therefore, ATP and ADP in reference SalmA-Sal sample and 20 μL ATP 

added ones had two peaks that were partially overlapped. But in 30 μL 

ATP added sample, only one big signal was detected. The explanation 

for this was that ATP signal was large enough to fully overlapped ADP 

signal resulted in combined signals of both. The concentration of ATP 

stock was prepared as 11.45 mg/mL. 

Integral of ATP was measured for the whole region in which might 

include ADP as well. Integrals of ATP had value of 0.1076 for reference 

sample, 0.3521 for 20 μL stock added sample, and 0.5998 for 30 μL 

stock added sample. 

It required more effort to detect IMP titration as the amount of IMP 

extract in SalmA-Sal was very low (see previous sections). Titration 

spectra of IMP was shown in figure 34. In the figure, there was an extra 

spectrum of solid IMP stock added to SalmA-Sal extract. This was 

because titration signals of IMP were not so significant that needed an 

Figure 33: ATP titration result view from 1D spectra. 

Reference saliva is shown in green, 20 µL and 30 µL added ATP 

samples are shown in red and blue. 
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external information. It could be seen in the figure that the difference 

between sample with and without 10 μL IMP stock added was not 

detectable. With 40 μL IMP stock added, it was titration region to be 

isolated. Initial IMP found in reference sample was 0.0103 whilst IMP 

found in 10 μL added sample had integral of 0.0119 and that in 40 μL 

added sample was 0.0178. It could be seen in the figure that there was 

no noticeable change between reference IMP and 10 μL added IMP. The 

possible explanation for this could due to the very low amount of IMP 

leading to the difficulty plus big error in preparation stock solution; as 

the stock of IMP was prepared with diluting of 0.44 mg IMP stock powder 

into 1 mL D2O. 

Ino titration was assigned due to the high amount present in the extract. 

The result was shown in figure 35. Ino stock was prepared by diluting 

12 mg IMP purified powder in 1 mL D2O. The integrals of Ino in reference 

extract, 10 μL added and 20 μL stock added were 0.6994, 2.2148 and 

3.7640 respectively. With adding 10 μL Ino stock, the integral of Ino 

increased approximately 3 folds. With adding 20 μL stock, it increased 

Figure 34: Result of IMP titration 

Green shows reference saliva. Red and blue show 10 µL and 40 µL 

added IMP samples. Violet shows IMP added to sample as solid form. 
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5.4 folds. If the initial Ino was removed from the calculating, then the 

added amount of Ino in 20 μL was double that in 10 μL.  

Similar to IMP, amount of Hx in SalmA-Sal extract was low in general. 

This also led to the same big error and difficulty in Hx stock solution 

preparation. 0.504 mg purified Hx was weighted and diluted in 1 mL D2O. 

Figure 35: Signal peaks of Inosine resulting in titration assignment 

Reference saliva is in green. 10 µL added Ino is red and 20 µL added 

Ino sample is in blue. 

Figure 36: Hx titration shown in 1D spectra 

Reference is shown in green. 10 µL added Hx is in red and 20 µL 

added Hx sample is in blue. 
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Similar to glucose taste, alanine taste was sweet. But different from 

glucose as a sugar molecule, alanine was an α-amino acid. As the after 

fish was dead, fish’s protein started to degrade to amino acids (Konikova 

et al., 1975). This explained the increase in alanine during the 

experiment.  

In section 3.2, some major components of saliva had been named 

including acetate, glucose, glutamate, and alanine. Because saliva 

quality did have huge effect on analysing results, acetate was chosen to 

test condition of saliva from day 6 to day 11. The result of acetate was 

indicated in figure 42. Amount of acetate was presented in mmol found 

in 1 mL saliva. The trendline of saliva’s acetate had very similar shape 

to the trendline of acetate detected in SalmA-Sal from day 6 to day 11. 

It could, therefore, inferred that the fluctuated trends of some 

compounds composing in both saliva and salmon were due to saliva 

condition. It confirmed the great impact of saliva to the result. 
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shown its noteworthy distinction as opposite trendline between the two 

extractions. In general, TCA extract seemed to have higher quantity of 

salmon-related metabolites than saliva extract had. But acetate and 

glutamate presented more in SalmA-Sal extract than SalmA-TCA extract. 

The fluctuation of presenting metabolites were caused by the conditional 

inconstancy of saliva itself. 

In the future, it is necessary to focus on these aspects: 

• More research focusing on the highlighted region in CLCs 

structure and which molecule interacting with it 

• Determining a doublet at the region 5.8 ppm 

• Using more kinds of fish and food for study of taste 

• Using larger size of samples to have more accuracy as it might 

have some varieties in result 

• More research focusing on IMP (from salmon) growing trend in 

saliva 
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Appendix 1: Hydrocortisone-like compounds found in human 
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Appendix 2: Numbers of scan and RGs of all samples 

Sample NS RG 

Aldosterone in acetone 96 144 

Aldosterone in water 96 32 

Hydrocortisone 128 181 

Cortisone 48 28.5 

Corticosterone 48 28.5 

Aldosterone ref 256 90.5 

Aldosterone 20 μL 256 90.5 

Aldosterone 40 μL 256 90.5 

Hydrocortisone ref 256 90.5 

Hydrocortisone 20 μL 256 90.5 

Hydrocortisone 40 μL 256 90.5 

Cortisone ref 256 90.5 

Cortisone 20 μL 256 64 

Cortisone 40 μL 256 64 

Corticosterone ref 256 64 

Corticosterone 20 μL 256 64 

Corticosterone 40 μL 256 64 

Standard-Sal T6 23 22.6 

Standard-Sal T7 176 128 

Standard-Sal T8 176 128 

Standard-Sal T11 176 128 

Standard-Sal T14 176 128 
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Standard-Sal T18 176 128 

SalmA-Sal T6 128 128 

SalmA-Sal T7 176 128 

SalmA-Sal T8 176 128 

SalmA-Sal T11 176 128 

SalmA-Sal T14 176 128 

SalmA-Sal T18 176 128 

SalmA-TCA T6 48 144 

SalmA-TCA T7 48 144 

SalmA-TCA T8 48 144 

SalmA-TCA T11 48 144 

SalmA-TCA T14 48 144 

SalmA-TCA T18 48 144 

Hydrolysis-Sal-ref 256 64 

Hydrolysis-TCA-50C 256 64 

Hydrolysis-TCA-RT 256 64 

Hydrolysis-NaOH-50C 256 64 

Hydrolysis-NaOH-RT 256 64 

IMP-SalmA-TCA-Sal-1 176 128 

IMP-SalmA-TCA-Sal-2 176 128 

IMP-SalmA-TCA-Sal-3 176 128 

IMP-SalmA-TCA-Sal-4 176 128 

IMP-SalmA-TCA- ref-1 176 128 

IMP-SalmA-TCA- ref-2 176 128 
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IMP-SalmA-TCA- ref-3 176 128 

IMP-SalmA-TCA- ref-4 176 128 

Check-Sal-ref 256 90.5 

Check-SalmA-TCA 48 144 

Check-SalmA-Sal 256 90.5 

SalmA-Sal-ATP-ref 48 90.5 

SalmA-Sal-ATP-20 μL 48 90.5 

SalmA-Sal-ATP-30 μL 48 90.5 

SalmA-Sal-IMP-ref 48 90.5 

SalmA-Sal-IMP-10 μL 48 90.5 

SalmA-Sal-IMP-40 μL 48 90.5 

SalmA-Sal-Xan-ref 48 90.5 

SalmA-Sal-Xan-20 μL 48 90.5 

SalmA-Sal-Xan-40 μL 48 90.5 

SalmA-Sal-Ino-ref 256 64 

SalmA-Sal-Ino-10 μL 256 64 

SalmA-Sal-Ino-20 μL 256 64 
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Appendix 3: TSP concentration error 

Samples NS RG TSP absolute integral 

1 mM TSP in final samples for SalmA-TCA 

SalmA-TCA T6 48 144 211695095.1 

SalmA-TCA T7 48 144 213532375 

SalmA-TCA T8 48 144 208003753.3 

SalmA-TCA T11 48 144 206805713.9 

SalmA-TCA T14 48 144 193479841.1 

SalmA-TCA T18 48 144 192340267.1 

Mean 

  

15063434.7778 

Standard deviation 

  

416035.3327 

SD in percentage 

  

2.761888897 

0.1 mM TSP in final samples for other samples 

SalmA-Sal-ATP-ref 48 90.5 15783065 

SalmA-Sal-ATP-20 μL 48 90.5 15049935 

SalmA-Sal-ATP-30 μL 48 90.5 15702764 

SalmA-Sal-IMP-ref 48 90.5 14718912 

SalmA-Sal-IMP-10 μL 48 90.5 14607468 

SalmA-Sal-IMP-40 μL 48 90.5 14823782 

SalmA-Sal-Xan-ref 48 90.5 15004528 

SalmA-Sal-Xan-20 μL 48 90.5 15081699 

SalmA-Sal-Xan-40 μL 48 90.5 14798760 

Mean 

  

204309507.6 

Standard deviation 

  

9165490.457 

SD in percentage 

  

4.486081223 
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Appendix 4: Standard deviation in percentage of metabolite 

quantification detected by 1H NMR. 

 

 

 

  

Sample 
Standard deviation (%) 

IMP Ino Hx ATP + ADP 

SalmA-Sal T6 1.4 0.1 3.0 1.6 

SalmA-Sal T7 2.3 0.2 1.2 1.0 

SalmA-Sal T8 3.4 4.8 2.6 2.0 

SalmA-Sal T11 1.1 1.9 1.5 1.6 

SalmA-Sal T14 0.4 0.6 0.7 2.6 

SalmA-Sal T18 0.2 1.5 0.9 9.4 

SalmA-TCA T6 2.3 0.8 4.5 4.3 

SalmA-TCA T7 3.2 0.6 3.7 11.4 

SalmA-TCA T8 4.8 0.2 4.7 2.4 

SalmA-TCA T11 2.9 0.3 2.0 2.1 

SalmA-TCA T14 1.3 0.4 1.3 7.1 

SalmA-TCA T18 4.7 0.6 4.9 5.1 

Check-SalmA-TCA 0.6 0.2 1.1 0.1 

Check-SalmA-Sal 0.2 1.3 3.2 7.8 
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Appendix 5: Chemical shifts of Hydrocortisone assignment 

Carbon number Group ppm ppm 

1 CH3 19.69 

0.85 (s;3) 

C8 - 41.73 

C7 - 49.97 

C9 - 54.75 

C10 - 92.53 

2 CH3 23.34 

1.41 (s;3) 

C4 - 36.9 

C3 - 41.8 

C6 - 58.2 

C5 - 181.8 

3 C 41.8 a 

4 CH2 36.9 
1.94 (m; 2) 

2.17 (m; 1) 

5 C 181.8 a 

6 CH 58.2 1.16 (m; 2.5) 

7 C 49.97 a 

8 CH2 41.73 
1.68 (m; 2) 

1.93 (m; 2) 

9 CH 54.75 1.68 (m; 2) 

10 C 92.53 a 

11 CH2 35.9 
2.4 

2.64 (m; 3) 

12 C 207.8 a 

13 CH 123.57 5.78 



91 

 

14 CH2 35.36 
2.56 (m;3) 

2.08 (m; 2) 

15 CH2 34.9 
2.32 

1.16 (m; 2.5) 

16 CH 33.9 2.08 (m; 2) 

17 CH 70.84 4.5 

18 CH2 25.89 
1.47 

1.84 

19 CH2 35.97 
2.56 (m;3) 

1.57 

20 C 216.3 a 

21 CH2 69.4 4.42 

a – ppm not applicable as there is no H 
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Appendix 6: Chemical shifts of each carbon number of cortisone 

Carbon Group ppm ppm 

1 CH3 18.16 

0.64 

C7 - 53.96 

C8 - 52.92 

C9 - 52.2 

C10 - 91.43 

2 CH3 19.59 

1.41 

C3 - 41.04 

C4 - 36.67 

C5 - 178.3 

C6 - 64.8 

3 C 41.04 a 

4 CH2 36.67 
2.6 (m;4) 

1.78 (m;2) 

5 C 178.3 a 

6 CH 64.8 2.31 (m;2) 

7 C 53.96 a 

8 CH2 52.92 
2.13 (m;2) 

2.89 

9 CH 52.2 2.4 (m;2) 

10 C 91.43 a 

11 CH2 35.7 
2.31 (m;2) 

2.6 (m;4) 

12 C 208.26 a 

13 CH 125.86 5.83 

14 CH2 35.2 2.4 (m;2) 
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2.6 (m;4) 

15 CH2 25.4 
1.98 

1.53 

16 CH 39.24 2.13 (m;2) 

17 C 217.8 a 

18 CH2 34.9 
1.34 

2.05 

19 CH2 36.62 
2.6 (m;4) 

1.78 (m;2) 

20 C  a 

21 CH2 69.7 4.38 

a – ppm not applicable as there is no H 

  



94 

 

Appendix 7: Chemical shifts of aldosterone in deuterated acetone 

Carbon Group ppm ppm 

1 CH3 18.9 

1.26 

C2 – 38.8 

C3 – 36.7 

C4 – 170.3 

C5 – 58.0 

2 C 39.8 a 

3 CH2 36.7 
1.70 

2.21 

4 C 170.3 a 

5 CH 58.0 1.13 

8 CH 124.6 5.61 

    

a – ppm not applicable as there is no H 
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Appendix 8: Chemical shifts of corticosterone 

Carbon Group ppm ppm 

1 CH3 18.16 

0.83 

C7 – 46.6 

C8 – 49.24 

C9 – 59.76 

C10 – 61.91 

2 CH3 23.28 

1.40 

C3 – 41.87 

C4 – 36.9 

C5 – 182.15 

C6 – 58.55 

3 C 41.87 a 

4 CH2
 36.9 

1.93 

2.18 

5 C 182.15 a 

6 CH 58.55 1.19 

7 C 46.6 a 

8 CH2 49.24 
1.67 

2.07 (m;3) 

9 CH 59.76 1.26 

10 CH 61.91 2.6 (m;3) 

12 C 182.1 a 

13 CH 123.49 5.78 

a – ppm not applicable as there is no H  
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Appendix 9: Integrals of CLCs titration 

Hydrocortisone 1.41 ppm 5.78 ppm 

Reference saliva 0.1417 0.2956 

20 μL Hydrocortisone 0.1585 0.3220 

40 μL Hydrocortisone 0.1948 0.3393 

 

Cortisone 0.63 ppm 1.40 ppm 4.40 ppm 5.83 ppm 

Reference saliva 0.0323 0.0486 0.0969 0.0280 

20 μL cortisone 0.0561 0.0709 0.1008 0.0420 

40 μL cortisone 0.0786 0.0901 0.1073 0.0495 

 

Aldosterone 1.19 ppm 1.25 ppm 5.80 ppm 

Reference saliva 0.4819 0.1632 0.1728 

20 μL Aldosterone 0.8461 0.8851 0.4206 

40 μL Aldosterone 1.3503 1.3513 0.4577 
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Corticosterone 0.82 ppm 1.40 ppm 5.78 ppm 

Reference saliva 0.0174 0.0253 0.0294 

20 μL corticosterone 0.0278 0.042 0.0499 

40 μL corticosterone 0.0481 0.0582 0.0528 
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