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Methods and Materials 

SM1 Materials 

Larixyl-N-methylcarbamate ((1S,4S,4aR,8aS)-4-((S)-3-hydroxy-3-methylpent-4-en-1-yl)-4a,8,8-trimethyl-3-

methylenedeca-hydro-naphthalen-1-yl methylcarbamate, SH045, TRPC6 inhibitor) was synthesized as described by 

Häfner et al. 1. ()-Larixol (internal standard, IS) was isolated from Larix decidua turpentine 2. Kolliphor® EL was 

obtained from Caelo (Hilden, Germany). Acetonitrile (ACN), water, and formic acid (LC-MS grade each) were 

purchased from Fisher Scientific (Schwerte, Germany). Testosterone, 4-nitrophenol, β-nicotinamide adenine 

dinucleotide 2′-phosphate reduced tetrasodium salt hydrate (β-NADPH), uridine 5′-diphosphoglucuronic acid 

ammonium salt (UDPGA), pilocarpine, ticlopidine, quercetin, sulfaphenazole, fluvoxamine, quinidine, 4-methyl 

pyrazole, ketoconazole, alamethicin and Dulbecco’s phosphate-buffered saline (DPBS, pH 7.4) were obtained from 

Merck (Darmstadt, Germany). Ciprofloxacin was purchased from Bayer AG (Leverkusen, Germany). Liver microsomes 

from mice (CD-1, male, MLM) and human (pooled: 50 donors, HLM) were obtained from Fisher Scientific (Gibco, 

protein concentration: 20 mg/mL respectively). Syringe filters (Phenex, regenerated cellulose, pore-size 0.2 μm) were 

purchased from Phenomenex (Aschaffenburg, Germany) and centrifugal filter units (30 kDa) from Merck Millipore 

(County Cork, Ireland). 

SM2 Quantification of SH045 by HPLC and tandem mass spectrometric methods (LC-MS/MS) 

In brief, chromatographic separation was achieved using a Zorbax Eclipse XDB-C8 column (100 × 3.0 mm, 3.5 μm 

80 Å, Agilent Technologies) with linear gradient elution using water and ACN, each with 0.1 % formic acid as additive, 

during a total run time of 20 min. For quantification (+)-larixol was used as IS. MS detection was achieved by multiple 

reaction monitoring (MRM) scan mode for SH045 (m/z 364.3/289.3) and IS (m/z 307.2/151.2), respectively. Further 

conditions and parameters were set as reported previously 3. Freshly prepared calibration samples for SH045 in 

plasma and tissue comprised eight concentration levels analyzed in duplicates (2, 5, 10, 100, 200, 800, 1200 and 1600 

ng/mL). For metabolism studies in microsomes, SH045 was dissolved in pure DMSO. 

To identify metabolites of SH045 in microsomal fractions and urine chromatographic separation was achieved on 

a Poroshell 120 EC-C18 column (50 × 4.6 mm, 2.7 µm, Agilent Technologies) followed by linear gradient elution (% ACN 

in water, with 0.1 % formic acid in total): 0–6 min, 5, 20, 70 or 85–90%; 6–8 min, 90%; 8.1–10 min, 5, 20, 70 or 85%, at 25°C 

and a flow rate of 1 mL/min followed by a 0.5-min-wash. MS was operated at positive electrospray ionization mode as 

follows: temperature: 600°C; needle voltage: 5500 V; curtain gas, ion source gas I and ion source gas II: 35, 60 and 50 

(arbitrary units), respectively. For first survey measurements of metabolites, MS parameters were based on optimized 

parameters for SH045 3. MRM and precursor ion scan methods were adapted to detect predicted metabolic 

modifications, such as hydroxylation (m/z + 16), oxygenation (m/z + 14), reduction (m/z +2), demethylation (m/z – 14), 

and glucuronidation (m/z + 176) as well as their multiple or combined occurrence. Further survey scans were performed 

using LightSight software. Identity of metabolites detected was finally confirmed by recording enhanced product ion 

spectra (EPI, scan rate: 10,000 Da/s, scan time: 100 ms) and subsequent analysis and comparison of fragmentation 

patterns. In some cases, these were verified by means of MS3 scans recorded after previous optimization of excitation 

energy (AF2) (data not shown). All analyses for metabolite identification included comparative measurements of 

appropriate control samples in order to avoid false-positive results. 

SM3 Histopathological examination of tissue repeatedly exposed to SH045 

Liver, kidney and lung were collected after repeated administration for inspection for histopathological changes, 

fixed in 4% paraformaldehyde solution and embedded in paraffin. Tissue slices (6 µm) of three animals either of 

untreated controls or such assigned to repeated administration of SH045 were deparaffinized and hematoxylin and 

eosin-stained. At least 5 slices per animal and tissue were microscopically examined using a light microscope (Zeiss, 

Germany) 4. 

SM4 Preparation of samples for analysis of SH045 and its metabolites by LC-MS/MS 

For tissue analysis, homogenates (0.1 g/mL in phosphate-buffered saline, PBS) were prepared with an ultrasonic 

homogenizer (Bandelin Sonopuls HD 2070, Bandelin electronic, Berlin, Germany) at 75% power in ice for 10 sec twice 

interrupted by 15 sec cooling down in between. 20 µL of homogenate or thawed plasma was mixed with 2 µL of IS (50 

µg/mL), vortexed for 10 s, added with 178 µL ice-cold ACN in case of plasma and ACN/water (80:20) for tissue 
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homogenates, and shaken vigorously for 5 min. 40 µL urine was mixed with 4 µL of IS and extracted with 156 µL pure 

ACN.  

All microsome incubations were stopped with 1 mL ice-cold ACN containing 5 µg/mL IS, vortexed for 1 min and 

cooled at -20 °C for 10 min.  

After centrifugation of mixtures from tissue or microsomal incubations for 15 min at 4 °C, the supernatants were 

filtered through a 0.2-µm-pore-size syringe filter and stored in the autosampler at 6 °C until analysis by LC-MS/MS as 

mentioned above.  

SM5 Tissue binding of SH045 

The tissue binding of SH045 was analyzed exemplarily in lung, liver and kidney homogenate using ultrafiltration 

5. Appropriate concentrations of homogenate and SH045 were optimized out of data from a series of various dilution 

ratios of tissue homogenates (1/2, 1/5, 1/10 and 1/20, w/v) and SH045 concentrations in spiked homogenate (liver and 

kidney: 0.05, 0.1, 0.5, 1, 2, 5 µg/mL; lung: 1, 2, 5, 10, 20, 50 µg/mL, not shown). Tissue binding assays were performed as 

follows: 448 µL tissue homogenates (1/10, w/v) were mixed with 2 µL SH045 (final: 50 µg/ml for lung, 2 µg/ml for liver 

and 1 µg/ml kidney). After incubation for 15 min at 37 °C at 450 rpm, 400 µL of the mixture was transferred to centrifugal 

filter units (30kDa) and centrifuged for 20 min at 2000g and 37 °C. 20 µL of the mixture and the filtrate were analyzed 

for SH045. The concentration in the filtrate refers to the unbound SH045 concentration according to tissue binding (%) = 

(ctot – cfiltrate) / ctotal × 100%. 

SM6 Metabolization studies in MLM and HLM and calculation of hepatic clearance 

For determination of vmax and Km of the NADPH-dependent microsomal depletion of SH045, the following 

incubations were performed for MLM and HLM, respectively. 2 µL SH045 (final concentration 0.5 – 100 µM, in 

triplicate), 12.5 µL HLM or MLM (finally 0.5 mg/mL protein) and 460.5 µL DPBS were vortexed and preincubated 37 

°C for 5 min. The reaction was initiated by addition of 25 µL analogously pre-incubated β-NADPH (finally: 1 mM). 

After gentle shaking at 37 °C and 300 rpm for 10 min, incubations were terminated and samples prepared as described 

above. 

Testosterone (10 µM in ACN/DPBS 2/3, v/v) instead of SH045 was used as positive control and analyzed by an 

appropriate HPLC method with UV detection. 

Negative controls contained either no NADPH, no MLM or HLM or none of them. The overall velocity (v) of 

degradation was calculated from altered SH045 concentration (∆c) obtained from reduction peak area ratio of SH045 

as: v = ∆c / incubation time  concentration of enzyme  volume (nmol/ min  mg). Mean maximum rate vmax and Michaelis-

Menten constant Km were calculated using Lineweaver-Burk transformation. From Km an appropriate drug 

concentration of 2 µM was derived as prerequisite for experimental in vitro determination of t1/2 required for further 

exploration of clearance.  

For this purpose, microsomes were incubated as described above with 2 µM SH045 for indicated time intervals up 

to 30 min. The remaining concentrations of SH045 were determined to calculate the intrinsic microsomal clearance 

CLint,micr the intrinsic clearance CLint, equal to the maximum enzyme activity of liver and for in vitro-in vivo exploration 

of hepatic clearance CLhep in mouse and human using the “well-stirred” model 6.  

SM7 Identification of metabolism pathways and metabolites of SH045 in MLM and HLM 

To determine possible metabolism pathways of SH045 in MLM and HLM, an in vitro inhibition approach was 

performed with CYP-isoform specific inhibitors (final concentration): ciprofloxacin (CYP1A2; 150 µM), pilocarpine 

(CYP2A6; 50 µM), ticlopidine (CYP2B6; 5 µM), quercetin (CYP2C8; 2 µM), sulfaphenazole (CYP2C9; 10 µM), 

fluvoxamine (CYP2C19; 10 µM), quinidine (CYP2D6; 10 µM), 4-methyl pyrazole (CYP2E1; 100 µM) and ketoconazole 

(CYP3A4; 1 µM) 7, 8. The inhibitors were dissolved in DPBS and appropriate methanol, the organic solvents not 

exceeding 1% (v/v).  

SH045 (2 µM) was pre-incubated with MLM or HLM (0.5 mg/mL) and the specific inhibitor for 5 min at 37 °C in DPBS. 

Ticlopidine, a time-dependent inhibitor was pre-incubated for 15 min 9. Incubations were performed in triplicate with 

NADPH (1 mM) in a final volume of 500 µL for 2 min and 10 min with pre-incubated MLM and HLM, respectively, 

terminated with 1 mL ice-cold ACN and processed as described above for LC-MS/MS. A sample without any inhibitor 

served as a positive control. Incubations with an equal volume of DMSO instead of SH045 and samples without 

NADPH, MLM or HLM or both, respectively, served as negative controls.  
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To explore metabolites of SH045 formed by microsomes, DPBS, alamethicin (25 µg/mL) 10 and MLM or HLM (1.0 

mg/mL) were mixed and kept on ice for 15 min 11, 12. SH045 (50 µM) and MgCl2 (2 mM) were added, mixed and pre-

incubated at 37 °C for 5 min. After addition of similarly pre-incubated NADPH (2 mM) and UDPGA (5 mM) to a final 

volume of 250 µL, mixtures were shaken gently at 37 °C for 120 min. Incubations were terminated and processed for 

LC-MS/MS analysis as described above. Incubations without NADPH and /or UDPGA, MLM or HLM, and SH045, 

respectively, served as negative controls as well as to provide conditions either for oxidation or glucuronidation.  

Positive controls with testosterone (for oxidation) and 4-nitrophenol (for glucuronidation) instead of SH045 were 

analyzed using an appropriate HPLC method with UV detection to confirm complete conversion of both. 

SM8 Algorithm of in vitro-in vivo extrapolation of hepatic clearance 

For each used concentration (c0) of SH045, the velocity (v) of enzymatic conversion was calculated from decrease 

of SH045 concentration (c0 – ct), during a reaction time (t) from “zero” to 10 min as follows:  

v (nmol×min-1×mg-1) = (c0 (µM) – ct (µM)) × vinc (mL) / t (min) / mprotein (mg) 

vinc is the total volume of the incubation mixture, mprotein is the amount of protein of HLM or MLM in each incubation 

mixture of 0.5 mL and 0.25 mg used, respectively. 

On the basis of the Michaelis-Menten equation the reciprocal velocity (1/v) was plotted versus the respective reciprocal 

concentration (1/ c0) of SH045 in a Lineweaver-Burk plot and vmax and Km were determined by means of the following 

equation: 

1 / v (nmol×min-1×mg-1) = Km (µM)/ vmax (nmol×min-1×mg-1) × 1 / co (µM) + 1 / vmax (nmol×min-1×mg-1) 

Further clearance studies were performed with a deduced appropriate substrate concentration of SH045 of 2 µM. 

The remaining SH045 in microsomes at each time point t was calculated as: 

Remaining percentage of SH045 (%) = (ct / c0) × 100% 

The natural logarithm of remaining percentages of SH045 was plotted versus incubation time to obtain the slope (-k) 

from linear regression which allowed the calculation of in vitro half-life (t1/2): 

ln(Remaining percentage of SH045)  = ln100 – k × t  t1/2 = ln2 / k 

The intrinsic microsomal clearance (CLint,micr) was calculated for mouse and human fractions: 

CLint,micr (µL×min-1×kg-1) = ln2 / t1/2 (min) × vinc (µL) / mprotein (mg) 

CLint,micr is further used to estimate the in vitro intrinsic clearance (CLint) of liver and to explore hepatic clearance (CLhep) 

in vivo. 

CLint (mL×min-1×kg-1) = CLint,micr (µL×min-1×kg-1) × mliver (g) / BW (kg) × SF (mg/g) 

The term mliver (g)/BW (kg) refers to the mass of liver tissue per kilogram of body weight (BW), assumed to be 

87 g/kg for mouse and 26 g/kg for human [12]. In the same manner, the scaling factor SF of 45 mg microsomal protein 

per gram of liver tissue was accepted for both species.  

Finally, the hepatic clearance (CLhep) for mouse and human could be estimated: 

CLhep (mL×min-1×kg-1) = Q (mL×min-1×kg-1) × fu × CLint (mL×min-1×kg-1) / Q + (fu × CLint (mL×min-1×kg-1)) 

Q is the hepatic blood flow, assumed as 90 mL×min-1×kg-1 for mouse and 21 mL×min-1×kg-1 for human 13. fu is the 

unbound fraction of SH045 in plasma of 0.3% derived from the previously reported plasma protein binding of 99.7% 

for SH045 3 . 

Results 

SR1 LC-MS/MS methods 

Analytical quality parameters for matrix effect, extraction recovery and calibration curve in the various 

applications meet the requirements 3 and are summarized in Table S1. Besides quantification, LC-MS/MS was also 

required for detection and characterization of metabolites of SH045 in urine and microsomal preparations. For this 
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purpose, a time-saving chromatographic method was established allowing high throughput of measurements, 

necessary for variation of mass spectrometric parameters of different scan modes. Using a Poroshell 120 EC-C18 column 

(50 × 4.6 mm, 2.7 µm, Agilent Technologies) and elution with water/ ACN, containing 0.1% formic acid, at a flow rate 

of 1 mL/min, the overall runtime was 10 min and application of four different linear gradients enabled excellent 

separation of structurally similar metabolites (Table 4, respective chromatograms in Figure S3). 

Table S1. Quality parameters for LC-MS/MS quantitative analysis of SH045 in various applications in mice (n = 3) 

Tissues Analyte 

Extraction recovery 

(%) 
Matrix effect (%) Calibration curve 

Mean 

(%) 

RSD 

(%) 

Mean 

(%) 

RSD 

(%) 

Range 

(ng/mL) 
Equation R2 

Liver 

SH045 

200 

ng/mL 

101.1 3.1 98.6 3.6 2 - 1600 y = 3.306x + -0.002 0.999 

Kidney 100.0 1.9 103.0 2.5 2 - 1600 y = 3.025x + -0.001 0.999 

Brain 98.9 8.2 104.1 1.3 2 - 1600 y = 7.875x + 0.003 0.999 

Fat 93.8 1.0 100.0 2.0 2 - 1600 y = 4.259x + 0.006 0.999 

Lung 97.2 1.8 99.7 2.1 2 - 1600 y = 3.704x + -0.005 0.999 

Urine 105.9 0.1 100.0 0.1 2 - 500 y = 1.350x + 0.019 0.999 

LC-MS/MS limit of detection and limit of quantification were 0.5 and 2 ng/mL, respectively. 

SR2 Tissue binding of SH045 

Table S2. Tissue homogenate binding of SH045 in kidney, liver, and lung (n = 3). 

Analyte Tissues 30 min 60 min 120 min 240 min 

Tissue binding 

(%) 

Kidney 97.6 ± 0.9 97.8 ± 0.4 98.3 ± 0.2 98.3 ± 0.1 

SH045 Liver 99.4 ± 0.1 97.1 ± 1.0 99.0 ± 0.1 97.8 ± 0.9 

Lung 93.5 ± 1.2 94.9 ± 0.1 97.8 ± 0.5 97.4 ± 0.8 

*The data are presented as the mean ± RSD. The concentration of SH045 in homogenates was: kidney (1 µg/mL), liver (2 µg/mL),

lung (50 µg/mL) according to the cmax in vivo, respectively. The dilution ratio of tissue homogenate was optimized as 1:10 (w/v,

g/mL) with PBS.

SR3 Histopathological investigations 

To evaluate whether repeated administration of SH045 (20 mg/kg BW; i.v.) is toxicologically tolerable, we searched 

for histopathological alterations at hematoxylin-eosin stained tissues slices of mice liver, kidney and lung. Histological 

samples obtained from treated mice presented normal, without necrosis, edema, hemorrhage or infiltrations. Liver slices 

appeared normal in lobule structure with central vein, hepatocytes and sinusoids (Figure 3a). Similarly, the kidney 

tissue presents with intact renal corpuscle structure, including glomerulus and Bowman’s capsule and proximal and 

distal tubules in the renal cortex (Figure 3b). In lung alveoli and inter-alveolar septa were of regular structure. No signs 

of septum thickening (Figure 3c). Further, no inflammation, infiltrates around bronchioles and pulmonary veins nor 

fibrosis were observed. Preparations with lower magnification compared to respective control slides are provided in 

Figure S1. Taken together, in the used study design with the higher dose no histopathological changes were observed. 

https://www.linguee.de/englisch-deutsch/uebersetzung/toxicological.html
https://www.google.com/search?client=firefox-b-d&q=hematoxylin+eosin+staining&spell=1&sa=X&ved=2ahUKEwiq39KJzuH1AhWqSvEDHVHECusQkeECKAB6BAgCEDc
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Figure S1. Hematoxylin-eosin overview stained tissues slices of mice liver (a,d), kidney (b,e) and lung (c,f) of vehicle treated controls 

(upper panel) and mice treated once a day for five days with SH045 (20 mg/kg BW, i.v.) (lower panel). asterisks: central vein (a,d), 

proximal tubule (b,e), bronchiole (c,f). Arrows: hepatic sinusoid (a,d), renal corpuscle (b,e), alveoli (c,f). Scale bar: 100 µm.  

SR4 Parameters and resulting values for in vitro-in vivo extrapolation of hepatic clearance 

Table S3. Values and scaling factors used and resultant intrinsic clearance parameters for in 

vitro-in vivo extrapolation of hepatic clearance of SH045. 

Parameter MLM HLM 

t1/2 1.18 4.85 

Incubation volume (µL) 500 500 

Microsomal protein (mg) 0.25 0.25 

CLint,micr (µL/min/mg) 1173 286 

Microsomes (mg) / liver (g) 45 45 

Liver mass (g) / body mass (kg) 26 87 

CLint (mL/min/kg) 4594 334 

Q (mL/min/kg) 90 21 

fu 0.3 0.3 

CLhep (mL/min/kg) 11.95 0.96 

SR 5 Identification of metabolic pathways of SH045 and structural elucidation of metabolites 

To investigate whether metabolism is part of systemic clearance, experiments on cytochrome P450 isoenzyme 

inhibition were performed using isoform-specific inhibitors. It was shown that SH045 is mainly metabolized by the 

cytochrome P450 isoenzymes CYP3A4 and CYP2A6. For the majority of observed metabolic transformations 

hydroxylation appeared to be involved 14 (Figure 7; Table 4).  

In detail, 17 metabolites (M3a-q) showed a mass shift of M+16, which corresponds to a possible mono-

hydroxylation proven by fragmentation data of EPI spectra for most of them. However, for some of them with low 
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signal intensity, epoxidation at one of the carbon-carbon double bonds of SH045 could also be considered 15. 

Moreover, sequential hydroxylations of SH045, of up to three times (M7a-h), occurred as well. Further, besides 

hydroxylation also reduction of carbon-carbon double bonds was involved in the formation of M2a,b, M4a, M6a-e, 

M7a-h and M10a,b 16. 

Investigation of possible glucuronidation, one of the major phase II conjugation reactions 17, suggested the 

formation of the SH045-glucuronide M8a indicated by a characteristic mass shift of M+176. Further three metabolites 

(M9a-c) were assigned as glucuronides of previously formed hydroxylated metabolites of SH045, due to their mass shift 

of M+196. Analogously, EPI data suggested M10a,b to result from glucuronidation of M6a,b or M6c formed by previous 

reduction of one carbon-carbon double bond and di-hydroxylation. However, for some of the reported glucuronides 

detailed proof of identity was impaired by low signal intensity.  

In urine, metabolites resulting from mono-hydroxylation of SH045 (M3a-g, i) were detected, too, of which five did 

not occur in liver microsomes. Metabolite M9c, which resulted from mono-hydroxylation and glucuronidation, was 

present in urine and samples from MLM incubations. The metabolites M4a and M7h appeared only in urine and may 

be assigned to reduction of one carbon-carbon double bond as well as to a single and a 3-fold hydroxylation of SH045, 

respectively. All detected metabolites and observed biotransformations are summarized in Table 4 and Figure 7. 

Relevant MRM chromatograms, EPI spectra, and interpretation of fragmentation patterns are given below. 

Discussion of MRM chromatograms and EPI spectra of detected metabolites (Figures S2, S3, S4) 

M2a, M2b (+4) 

M2a and M2b were detected in MLM and HLM and showed a parent ion at m/z 368.3 [M+4+H]+, respectively, 

which suggested a reduction of both carbon-carbon double bonds of the SH045 structure 16. By reducing the exocyclic 

double bond an additional chiral center is formed bearing a methyl group is axial or equatorial position. This explains 

the detection of two epimeric metabolites showing very similar EPI spectra. Besides a fragment ion at m/z 293.2 resulting 

from loss of the N-methyl carbamate group (75 Da), fragment ions at m/z 249.1 and 231.2 are explained by subsequent 

stepwise cleavage in the pentyl side chain. 

M3a-M3q (+16) 

By monitoring an MRM transition of m/z 380.3/305.3 for samples from liver microsomes, 12 metabolites (M3f-q) 

were detected in total, of which M3f, M3g, and M3i appeared dominant and M3g showed the highest peak intensity. 

This applied for samples from both MLM and HLM, as proportions of these main metabolites were comparable for 
both. In contrast, samples from urine revealed in a total of 8 metabolites (M3a-g, i), of which M3a-e was not detected in 

liver microsomes. The highest peak intensity was found for M3d. 

As observed for SH045, EPI spectra showed a neutral loss of 75 Da as one of the first fragmentation processes due 

to the cleavage of the N-methyl carbamate moiety. Another neutral loss of 18 Da was due to the elimination of water, 

resulting from a hydroxyl group already present in the structure of SH045. Regardless of order of occurrence, both 
mentioned neutral losses led to a fragment ion at m/z 287.2 in the case of M3f, M3g, M3i-M3l, M3n, and M3o. Another 

neutral loss of 18 Da resulted in the fragment ion at m/z 269.2 and provided evidence for a second hydroxyl group 

present in M3f-M3l, M3n, M3o, and M3d and therefore for a hydroxylation of the molecule. Besides, the observed 

elimination of water (18 Da) revealed that the formed hydroxyl group was not bound in beta position to a tertiary carbon 

atom, and therefore excluded a hydroxylation at one of the methyl groups directly bound to the decaline ring system. 

Instead of m/z 269.2, the fragmentation pattern of M3m contained a peak at m/z 271.3, which is in accordance with the 

EPI spectrum of SH045. Based on that, M3m was tentatively identified as a product of hydroxylation at the methyl 

group of the N-methyl carbamate moiety 18.  
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Figure S2. Fragmentation patterns observed during EPI scans and proposed structures of mono-hydroxylated metabolites of SH045 

(mass shift +16). 

However, for the other aforementioned metabolites, an elucidation of the site of hydroxylation in the molecule 

remains uncertain. Furthermore, for such metabolites for which 2-fold elimination of water was detected (M3a,d), 

epoxidation of one of the carbon-carbon double bonds instead of hydroxylation has to be considered 15. 

According to previous interpretation of SH045’s EPI data that an observed fragment ion at m/z 151.2 results from 

unchanged ring A of the labdane system, structures of some of the metabolites M3a-M3q might be assigned more 

precisely regarding their site of modification. Figure S2 illustrates a proposed interpretation of fragmentation patterns 

recorded. 

M5a, M5b (+32) 

For the metabolites M5a and M5b, both found only in MLM and HLM, the parent ion at m/z 396.3 [M+32+H]+ can 

be explained by a dihydroxylation of SH045. A 2-fold elimination of water (18 Da) was observed in both EPI spectra, 

which appeared similar. However, another dehydration, as expected due to three hydroxyl groups in the molecule in 

total, was not visible directly in the EPI spectrum. Therefore it remains unclear whether the second introduction of 

oxygen occurred as a hydroxylation or epoxidation of one of the two carbon-carbon double bonds in the molecule 15. 

However, since no cleavage of the N-methyl carbamate group (75 Da) was detected during fragmentation, a 

hydroxylation in particular at C-7 might be probable (Figure S4). This would explain e.g. the main fragment ion at m/z 

276.0, which might result from dehydration, stabilizing the carbamate moiety, together with a cleavage in the pentenyl 

side chain.  

M6a-M6e (+34) 

M6a, M6b, and M6c could be separated chromatographically in samples from both MLM and HLM and showed 

similar fragmentation patterns. Besides the parent ion at m/z 398.3 [M+34+H]+, the EPI spectra showed a base peak at 

m/z 323.2 due to cleavage of the N-methyl carbamate moiety (75 Da). Further, a 3-fold loss of water (18 Da) was observed. 

One resulted from the hydroxyl group present in SH045, and the second was highly likely resulting from hydroxylation. 

Since a third dehydration was observable, another hydroxylation was involved. Taking into account the overall mass 

shift of +34 for M6a-e, which might be a result of +16+16+2, an enzymatic reduction of one of the carbon-carbon double 

bonds can be concluded [16]. In contrast to M6a-c, M6d showed only one neutral loss of 18 Da (for explanation see M3a-

q and M5a,b). However, from EPI data recorded for M6e, which was detected only in urine, a 3-fold neutral loss of m/z 

18 could be concluded. However, the fragmentation pattern did not allow a clear interpretation as for M6a-c.   

M7a-M7h (+50) 

The parent ion at m/z 414.3 [M+50+H]+ revealed 8 different metabolites (M7a-h) in total. Of them 7, 3, and 6 

metabolites were detected in samples from MLM (M7a-g), HLM (M7a-c), and urine (M7a-e, h), respectively. Signals of 

M7a were of the highest intensity and the EPI spectra of M7a and M7b showed the significant neutral loss of 75 Da due 

to cleavage of the N-methyl carbamate group. Further, water (18 Da) was eliminated four times consecutively, which 

can be explained by presence of four hydroxyl groups as result of 3-fold hydroxylation. In addition, involvement of a 



Int. J. Mol. Sci. 2022, 23, 3635 9 of 14 

reduction of one carbon-carbon double bond as discussed for M2a and M2b as well as for M6a-c makes the mass 

difference of +50 plausible.  

M8a (+176) 

Metabolite M8a, detected only in MLM and HLM, showed a parent ion at m/z 540.4 [M+176+H]+ as well as a 

fragment ion at m/z 364.3 resulting from characteristic cleavage of the glucuronic acid moiety (176 Da) [17]. 

M9a-M9c (+192) 

Metabolites M9a and M9b were detected only after incubation of HLM in presence of both NADPH and UDPGA. 

In contrast, M9c was found only in MLM and mouse urine. For the more intense signal of M9c, the detected parent ion 

at m/z 556.3 [M+16+176+H]+ clearly suggested an introduction of oxygen as well as glucuronidation, the latter further 

proven by a characteristic neutral loss of 176 Da 17. However, although it appears highly likely that glucuronidation 

occurred subsequent to previous hydroxylation at a carbon atom, the EPI spectrum gave no evidence for this hypothesis. 

M10a, M10b (+210) 

For both metabolites, which were detected in microsomes only, the parent ion at m/z 574.3 [M+2+16+16+176+H]+ 

indicated a reduction of one of the carbon-carbon double bonds, together with 2-fold hydroxylation and 

glucuronidation. The EPI spectrum of M10a showed a neutral loss of 176 Da, however, for M10b no clear interpretation 

was possible. 

continued 
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continued 
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Figure S3. MRM chromatograms of detected metabolites of SH045 in mouse, human microsomes and urine after administration. 

MRM chromatograms of the metabolites and SH045 eluted in gradients of 5 – 90% ACN (a), 20 – 90% ACN (b), 70 – 90% ACN (c), 

85 – 90% ACN (d) from 0 to 6 min. Peaks marked with “×” were also present in controls, either: without NADPH, without UDPGA, 

without both NADPH and UDPGA, without NADPH, UDPGA and liver microsomes or without SH045. 
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continued 
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Figure S4. EPI spectra of detected SH045 metabolites in mouse and human microsomes and urine after administration 

of SH045 (20 mg/kg BW, i.v.). 
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