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Abstract 

Background Over the past decade, various research studies have proved the interconnection between the inflam-
matory pathways and diabetes complication in clinical condition. The present study evaluated the anti-inflammatory 
and antioxidant activity. Further, the sample was tested for its pharmacokinetics properties and the best compounds 
were docked with the diabetic markers (DPP IV (PDB-ID: IJ2E) and SGLT2 (PDB-ID: 7VSI)).

Results C.verticillata showed a good hydrogen peroxide (78.3 ± 0.34%,  IC50 = 287.81 µg/ml) and superoxide scav-
enging activity (52.7 ± 1.26%,  IC50 = 796.15 µg/ml). In addition, the sample was checked for its anti-inflammatory 
activity with protein denaturation (57.4 ± 0.19%,  IC50 = 471.5 µg/ml) and proteinase inhibition assay (68.3 ± 0.48%, 
 IC50 = 213.42 µg/ml). Further, the bioactive compounds detected from HPLC-ESI-MS/MS analyzed sample were 
checked for its drug likeliness by checking its ADME properties and toxicological parameters. It has been observed 
that except Loliolide, all the other compounds have followed the physicochemical parameters and proved to exhibit 
drug likeliness characteristics. The bioactive compounds that follow the Lipinski’s rule were taken further for in silico 
molecular docking analysis with the diabetic protein markers (DPP IV and SGLT2). Docking results revealed that Pyro 
pheophorbide a with DPP IV and Dihydromonacolin L acid with SGLT2 have recorded a maximum docking score 
of (− 9.4 kcal/mol) and (− 9.2 kcal/mol), respectively.

Conclusion The observed results suggest that the identified and selected bioactive compounds from C.verticillata 
can be considered as a potential target molecule for the management of oxidative stress induced diabetic condition. 
Furthermore, the study also provides an insight on the effectiveness of the compounds on reducing the inflammation 
as well.

Keywords Marine seaweeds, Inflammation, Oxidative stress, Diabetes, ADMET analysis, Toxicity prediction, In silico 
molecular docking

Background
Inflammation is characterized as a host defense mecha-
nism which involves the activation of immune system 
to remove the foreign antigen from the host system. The 

visual interpretations of inflammation include swelling, 
increased temperature at the site of injury, pain and red-
ness [1]. It is achieved by the enhanced production of 
reactive oxygen species by the action of inflammatory 
cells [2], where it aids in the removal of invasive micro-
organisms. Nevertheless, prolonged production of ROS 
(reactive oxygen species) leads to oxidative stress and ill-
ness leading to chronic inflammation. Moreover, chronic 
inflammation leads to various kinds of illness like cancer, 
neurological diseases, diabetes, cardiovascular diseases, 
and so on.
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According to [3], oxidative stress may be a major fac-
tor in the pathophysiology of diabetes-related macro-
vascular and microvascular complications which end up 
inflammation. The emergence of endothelial dysfunc-
tion is a warning sign of such damage. Numerous evi-
dences are there to support the relationship between the 
immune and metabolic systems. It has been proved that 
the inflammatory pathways are the primary mediators of 
diabetes [3]. Research findings had already revealed the 
interconnection between diabetes and inflammation, 
where the mediators of inflammation like IL-6 and CRP 
(C-reactive protein and plasminogen activator inhibi-
tor-1) have shown to be elevated in different diabetic 
conditions [4].

Increasing evidences propose that prolonged activation 
of pro-inflammatory pathways in the action of insulin 
might contribute to metabolic disorders like T2D (type 
2 diabetes) [5]. Currently existing treatment strategies 
for type 2 diabetes mellitus, such as insulin delivery and 
oral anti-diabetic medications, are either ineffective or 
have negative side effects. Hence, it is critical to continue 
looking for an effective treatment that can assist people 
with type 2 diabetes and eventually cure them. There-
fore, there is an increased demand in search for the new 
marine algae-based bioactive compounds with minimum 
or no side effects to the patients. Hence, the present study 
focuses on the search of novel bioactive compounds for 
the effective management of type 2 diabetes that has an 
effect on reducing oxidative stress induced inflammation. 
In addition, our work also focuses on the usage of com-
putational tools to verify the ADMET (absorption, distri-
bution, metabolism, excretion and toxicity) properties of 
the bioactive compounds as well as the in silico molecular 
docking analysis with the diabetic protein markers (DPP 
IV (Dipeptidyl peptidase) and SGLT2 (sodium-glucose 
cotransporter-2). This work will open the way for the use 
of marine bioactive compounds as an alternative in the 
curative treatment of diabetes.

Methods
The collection of four green marine algae (Chaetomorpha 
crassa, Caulerpa racemosa, Caulerpa verticillata and 
Caulerpa scalpelliformis) from Gulf of Mannar (9°28′N, 
79°18′E) and extraction of the marine algal extract 
were followed as described by [6]. Briefly, the algal sam-
ples were collected and extracted for its phytochemi-
cals and the antioxidant potential of the algal extracts 
was assessed based on three different antioxidant assay 
(ABTS, metal chelation and phosphomolybdenum assay). 
Moreover, the samples were also subjected to antidia-
betic assays (α-amylase and α-glucosidase enzyme inhi-
bition). Among the four algal extracts, C.verticillata 
showed a good antioxidant and anti-inflammatory 

activities. Hence, further analysis was carried out only 
with C.verticillata.

In vitro antioxidant assays
Hydrogen peroxide scavenging assay
The ability of the ethanolic extract of C.verticillata to 
scavenge hydrogen peroxide was measured by follow-
ing the protocol using ascorbic acid as a standard [7]. To 
1  ml of extract of varying concentration (100–800  µg/
ml), 600 µl of 2 mM  H2O2 prepared in phosphate buffer 
(pH 7.4) was added. The reaction mixture was completely 
mixed and incubated for 10  min at room temperature, 
and the absorbance was measured at 230 nm in UV–Vis 
spectrophotometer (1650 Shimadzu, Japan). The same 
protocol was followed for the standard ascorbic acid, the 
scavenging potential was calculated, and the percentage 
of inhibition was calculated using the following equation:

Abs T = Absorbance of test sample; Abs C = Absorb-
ance of control.

Superoxide radial scavenging assay
The superoxide radical scavenging activity was measured 
based on the protocol followed by [8]. The superoxide 
radicals were generated by adding 500 µl of NBT (nitro 
blue tetrazolium) (0.3  mM), 500  µl of NADH (nicotina-
mide adenine dinucleotide) (0.936  mM), 500  µl of Tris 
HCL buffer (16  mM, pH 8.0) and 1  ml of algal extract 
with increasing concentration (100-800  µg/ml). The 
reaction was initiated by the addition of PMS (phenyl-
methanesulfonic acid) (0.12  mM), and the tubes were 
incubated at 25 °C for 5 min. The absorbance was meas-
ured at 560  nm. A similar treatment was given to the 
standard ascorbic acid, and the inhibition percentage was 
expressed using the following equation:

Abs T = Absorbance of test sample; Abs C = Absorb-
ance of control.

In vitro anti‑inflammatory assays
Protein denaturation assay
Denaturation of protein was assessed by the protocol fol-
lowed by [9]. To 1 ml of 1% BSA (bovine serum albumin), 
1 ml of marine algal extracts (100–800 µg/ml) and 1 ml 
of phosphate buffer saline (pH 6.4) were added. Once 
the reaction mixture was mixed, the tubes were incu-
bated at 70  °C in water bath for 10–15  min. The tubes 
were allowed to cool, and the turbidity was measured in 

% of inhibition =
Abs C− Abs T

Abs C
× 100

% of inhibition =
Abs C− Abs T

Abs C
× 100
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UV–Vis spectrophotometer at 660 nm. The protein dena-
turation inhibition percentage was calculated according 
to the formula as follows:

Abs T = Absorbance of test sample; Abs C = Absorb-
ance of control.

Proteinase inhibitory assay
The proteinase inhibition was measured as described by 
[10]. To 1 ml of 20 mM Tris–Hcl buffer (pH 7.4), 0.06 mg 
of trypsin and 1 ml of algal extract (100–800 µg/ml) were 
added. The reaction mixture was vortexed completely 
and incubated for 30  min at 37  °C. Furthermore, 1  ml 
of 0.8% casein (w/v) was added to stop the reaction, and 
the tubes were centrifuged for 5  min at 2500  rpm. The 
absorbance of the supernatant was measured at 210 nm. 
The inhibition percentage was calculated by the following 
equation:

Abs T = Absorbance of test sample; Abs C = Absorb-
ance of control.

HPLC–UV‑ESI MS/MS analysis of C.verticillata
The HPLC-MS (high-pressure liquid chromatography–
mass spectrometry) system consisted of a MS pump, 
autosampler, UV detector, and a triple-quadrupole, ESI 
QTOF high-resolution mass spectrometer (Bruker, USA) 
with Met Frag software for data acquisition and analy-
sis. The sample separation was carried out using Agilent 
poroshell  C18 reverse phase column (150 mm×4.6 mm), 
2.7 µm particle size (part number: 683975-902), pro-
tected with a security guard cartridge (Zorbax eclipse, 
 C8, 4.6×12.5 mm, 5µ). The sample was analyzed accord-
ing to the standard protocol with some minor modifica-
tions [11]. Two different mobile phases were used, like 
Solvent A: water (with 0.1% formic acid), and Solvent B: 
acetonitrile (with 0.1% formic acid), with a column tem-
perature of 25˚C and UV detector at 280nm. The flow 
rate was 300µl/min, and 10µl of sample was injected. The 
samples eluting out from UV detector were then directed 
to triple-quadrupole tandem mass spectrometer with an 
electrospray interface (ESI), operating in complete scan 
mode from m/z (50–2200). Mass spectra were acquired 
in positive modes with capillary voltage at 4500  V, 
end plate offset 500  V, nebulizer gas at 60 psi, dry gas 
12.0L/min, and capillary dry temperature at 220 °C. The 

% inhibition of protein denaturation

=
Abs C− Abs T

Abs C
× 100

Proteinase inhibition % =
Abs C− Abs T

Abs C
× 100

identification was achieved and processed using Met Frag 
workstation software.

ADME analysis and pharmacokinetics toxicity prediction 
analysis
The canonical structures of the four aforementioned 
compounds from HPLC-ESI-MS/MS analysis were 
retrieved from Pubchem database (www. pubch em. ncbi. 
nlm. nih. gov). The selected compounds were subjected to 
ADME analysis. For this, the compounds were analyzed 
for its physicochemical limitations, pharmacokinetics 
investigation and drug-likeness of the compounds with 
use of SWISSADME (http:// www. swiss adme. ch/ index. 
php). Furthermore, the toxicity prediction for the oral 
consumption was also calculated using Protox ii (tox.
charite.de). This toxicity prediction helps in evaluating 
the carcinogenicity, hepatotoxicity, immunotoxicity and 
also the toxicological pathways [12].

In silico molecular docking analysis
Preparation of ligands and protein molecule
The crystal structures of the selected bioactive com-
pounds (ligands) of C.verticillata were downloaded from 
Pubchem database. The 3D SDF structure of DPP IV 
(PDB-ID: IJ2E) and SGTL2 (PDB-ID: 7VSI) protein was 
retrieved from the protein data bank (www. rcsb. org). The 
protein was carefully validated using Ramachandran plot 
before the docking process using MolProbity server [13]. 
Further, the protein molecules were prepared by remov-
ing the water molecules, adding hydrogen atoms, remov-
ing the heteroatoms and bounded other polypeptide 
inhibitors. The modified protein molecule was used for 
the docking study [12].

In the current study, PyRx 0.8 version (https:// pyrx. 
sourc eforge. io/) software was used for docking purpose, 
which included Open babel, Auto and AutoDock Vina. 
Furthermore, the protein and the ligand molecules were 
transformed to pdbqt format using Autodock tools. 
Open babel was used to minimize the energy, and blind 
docking was performed. For a promising protein–ligand 
binding, the active binding regions were recognized 
using Biovia discovery studio tool. Analysis of the docked 
proteins is performed once docking is complete and vis-
ualized by BioVia, Discovery studio, 2020. Further, the 
inhibition constant was calculated to find out the binding 
efficacy of the ligand and protein molecule using the fol-
lowing equation [14]

where R = 1.985 ×  10–3  kcal/mol (universal gas constant; 
T = 298.15 K (temperature);

ΔG = Binding energy.

(1)Ki = e
[−�G/RT ]

http://www.pubchem.ncbi.nlm.nih.gov
http://www.pubchem.ncbi.nlm.nih.gov
http://www.swissadme.ch/index.php
http://www.swissadme.ch/index.php
http://www.rcsb.org
https://pyrx.sourceforge.io/
https://pyrx.sourceforge.io/
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Statistical analysis
All the tests were carried out in triplicate, and the data 
were represented as mean ± SE. The experimental results 
were statistically analyzed using GraphPad prism 9 and 
Microsoft Excel 2010.

Results
The ability of the ethanolic extract of C.verticillata has 
shown that the extract has a strong ability to scavenge 
hydrogen peroxide radicals at a dose-dependent manner. 
At a highest concentration of 800  µg/ml, C.verticillata 
extract has shown a maximum scavenging activity of 
78.3 ± 0.34% with an  IC50 of 287.8  µg/ml compared to 
the standard ascorbic acid (71.8 ± 1.15% at 200  µg/ml) 
(Table 1). The superoxide radical scavenging activity was 
determined using PMS-NADH method. The reduction in 
absorbance at 560 nm showed that the algal extract has 
the ability to quench the superoxide radicals, where the 
ethanolic extract of C.verticillata at a maximum concen-
tration of 800  µg/ml has observed to show 52.7 ± 1.26% 
 (IC50 = 796.15 µg/ml) when compared with the standard 
ascorbic acid (69.7 ± 1.02%,  IC50 = 115.5 µg/ml) at 200 µg/
ml.

Protein denaturation assay was carried out to measure 
the efficiency of the algal extracts to inhibit the denatura-
tion of the proteins. C.verticillata has recorded a maxi-
mum inhibition of 57.4 ± 0.19%  (IC50 = 471.5 µg/ml) with 
respect to the standard drug diclofenac of 96.4 ± 0.25% 
 (IC50 of 9.4 µg/ml). In Table 2, the effect of C.verticillata 
extract on anti-proteinase activity is presented. The 
extract has recorded a good level of proteinase inhibition 
of about 68.3 ± 0.48%  (IC50 = 213.42  µg/ml) with a sig-
nificance of p < 0.05. The results have shown a good anti-
proteinase activity in comparison to the standard aspirin 
(94.4 ± 0.22%,  IC50 = 19.7 µg/ml). The results clearly indi-
cate that the extract has the potential to bind with the cell 
surface by stabilizing the membrane with minor altera-
tions on the charges of the cells.

C.verticillata was subjected to HPLC-ESI-MS/MS anal-
ysis for the identification of the bioactive compounds. It 
was identified as 2-Palmitoylglycerol, Pyro pheophorbide 
a, Dihydromonacolin and Loliolide are reported for its 
antioxidant and antidiabetic activities. The fragmenta-
tion of mass spectrum was carefully analyzed for its m/z 
values (Fig.  1). The chemical structure of the ESI-MS 
identified compounds is listed in Table 3. The compound 
peaked at 33.8  min retention time (Rt) was identified as 
Loliolide  (C11H16O3) with a molecular ion peak at m/z 
197.11 [M + H] +. Further, the compound at Rt = 56.6 min 
was identified as Dihydromonacolin L acid  (C19H32O4) 
consisting of molecular ion peak at m/z 325.23 [M + H] +. 
The peaks at 59.0  min and 78.6  min were identified as 
2-Palmitoylglycerol  (C19H38O4) and Pyro pheophorbide 
a  (C33H34N4O3) containing a molecular ion peak at m/z 
331.28 [M + H] + and m/z 535.26 [M + H] +, respectively. 
Additionally, the fragmentation pattern of mass spec-
tra was already reported in our previous published data 
[15]. The bioactive compounds after HPLC-ESI-MS/MS 
analysis were checked for its physicochemical proper-
ties like lipophilicity, solubility, bioavailability, number 
of hydrogen atoms, TPSA, BBB, and Lipinski rule; rotat-
able bonds were evaluated carefully using SWISSADME 
software tool. Firstly, Fig. 1 represents the bioavailability 
radar charts, which gives a quick glimpse of six impor-
tant physicochemical properties like lipophilicity, size, 
polarity, flexibility and saturation. The compounds which 
fall under the pink area in radar charts refer that the 
compound comes under the property of drug likeliness 
(Fig. 2).

All the leading ligand molecules (2-Palmitoylglycerol, 
Loliolide, Pyro pheophorbide a and Dihydromonaco-
lin L acid) were observed to follow maximum drug-
likeness limitations. Moreover, all the compounds were 
observed to possess a good gastrointestinal absorption 
and solubility. Further, the compounds were subjected 

Table 1 Percentage of inhibition of scavenging activity of 
C.verticillata and  IC50 values

Result are expressed as Mean ± SE of three replicates (n = 3); the data were 
statistically analyzed by two-way ANOVA using GraphPad Prism. The difference 
was considered significant when p < 0.05

Algae name /
Standard

In vitro antioxidant assays

Hydrogen peroxide 
scavenging assay 
(%) and  IC50 (µg/ml)

Superoxide 
scavenging 
assay (%)and 
 IC50 (µg/ml)

Caulerpa verticillata
(800 µg/ml)

78.3 ± 0.34 287.81 52.7 ± 1.26 796.15

Ascorbic acid (200 µg/ml) 71.8 ± 1.15 119.7 69.7 ± 1.02 115.5

Table 2 Summary of anti-inflammatory activity of C.verticillata 

Results are expressed as Mean ± SE of three replicates (n = 3); the data were 
statistically analyzed by two-way ANOVA using GraphPad Prism. The difference 
was considered significant when p < 0.05

Algae name /
Standard

In vitro anti‑inflammatory assays

Protein denaturation 
assay (%)and  IC50 (µg/
ml)

Proteinase 
inhibition assay 
(%)and  IC50 (µg/
ml)

Caulerpa verticillata
(800 µg/ml)

57.4 ± 0.19 471.5 68.3 ± 0.48 213.42

Diclofenac
(100 µg/ml)

96.4 ± 0.25 9.4 –

Aspirin
(100 µg/ml)

– 94.4 ± 0.22 19.7
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to toxicity prediction, where  LD50 plays an impor-
tant role in determining their level of toxicity, where it 
includes immunotoxicity, carcinogenicity, TPSA value 
and octanol/water partition (LogP) value (Table 4). All 
the four compounds were thoroughly evaluated for its 
pharmacochemical and physicochemical properties for 
in silico molecular docking analysis. The Ramachan-
dran plot analysis of the protein (DPPIV) clearly 
revealed that most of the residues lie within the favored 
regions that indicate the protein quality (Fig. 3). Except 
Loliolide, docking was performed for all the other three 
compounds with the diabetic protein markers like DPP 
IV (PDB: IJ2E) and SGLT2 (PDB: 7VSI). Docking scores 
were assessed between the ligands and the proteins. 
The results revealed that Pyro pheophorbide a has a 
strong binding affinity with DPP IV (− 9.4  kcal/mol), 
followed by Dihydromonacolin L acid (− 7.7  kcal/mol) 
and 2-Palmitoylglycerol (− 5.3 kcal/mol) (Fig. 4a–f ).

Discussion
The physiological and biological condition of the marine 
seaweeds that persist in varying conditions like tempera-
ture, pH, salinity and various other factors leads to the 
production of various phytoconstituents and potential 
bioactive compounds as a measure of defense mecha-
nism. These seaweeds contain a variety if bioactive com-
pounds that has the potential to quench the free radicals. 
It is well known that hydrogen peroxide is present eve-
rywhere in the environment at a low concentration. Ear-
lier studies have reported that it is a weak oxidizing agent 
with the capability of crossing the cell membranes quickly 
and acts in response to  Cu2+ and  Fe2+ ions leading to the 
formation hydroxy radicals [16]. These hydroxyl radi-
cals have the potential to initiate lipid peroxidation that 
leads to the damage of DNA. Hence, from the results it 
is very clear that the algal extract has the capability of 

scavenging hydrogen peroxide where the occurrence of 
potential phytoconstituents would have involved in elec-
tron donation to neutralize the radicals [17].

It is to be noted that enzymatic antioxidants like 
superoxide dismutase and catalase are involved in the 
decomposition of hydrogen peroxide to oxygen and 
water. Hence, changes in the enzymatic antioxidants 
due to hyperglycemic condition could lead to inactiva-
tion of superoxide dismutase where its glycosylation 
leads to decrease in activity [18]. Therefore, diabetes-
induced oxidative stress increases the concentration of 
pro-inflammatory cytokines that results in the inflam-
mation [19]. Many scientific reports had already proved 
that increased production of TNF-α has a strong link 
with obesity induced insulin resistance that leads to 
type 2 diabetes [20]. The present findings indicate that 
the extract has the potential to inhibit the denatura-
tion of the protein by stabilizing the membrane of the 
protein. Various factors like heat, hypotonic environ-
ment, etc., can lead to membrane damage of the pro-
tein molecule that further results in the leakage of the 
inner lysosomal contents. The extracellular release of 
the membrane further leads to inflammation in the 
tissue. Hence, it is proved that the anti-inflammatory 
activity of C.verticillata extract provides an evidence 
for the stabilization of the membrane by inhibiting the 
discharge of lysosomal constituents [21].

Previous reports have evidenced that prolonged dis-
charge of inflammatory intermediates would upregulate 
the expression of genes involved in acute and chronic 
inflammatory diseases by inactivating the anti-protein-
ases. Earlier reports of [22] have stated that uninhibited 
levels of proteolysis by the proteinase enzyme can result 
in various patho-physiological symptoms. The equilib-
rium of anti-proteinases and proteinases is to be main-
tained and regulated. Under stress conditions, the ROS 
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83.1 min

1927

m/z 593.2741
73.6 min

1717

m/z 593.2739
73.6 min

1719

m/z 593.2741
73.6 min

1718

m/z 609.2676
74.5 min

1739

m/z 338.3410
69.5 min

1629

m/z 496.3622
83.1 min

1926

m/z 338.3409
69.5 min

1628

m/z 338.3409
69.5 min

1627

m/z 338.3408
72.8 min

1700

m/z 338.3407
72.7 min

1699

m/z 338.3409
69.4 min

1626

m/z 338.3409
69.4 min

1625

m/z 496.3621
83.0 min

1925

m/z 496.3623
82.9 min

1924

m/z 338.3410
69.4 min

1624

m/z 338.3410
72.8 min

1701

m/z 535.2679
78.7 min

1829

m/z 535.2682
78.8 min

1830

m/z 338.3408
69.3 min

1623

m/z 338.3408
69.3 min

1622

m/z 496.3623
82.8 min

1922

m/z 496.3622
82.9 min

1923

m/z 162.1138
6.0 min

116

m/z 338.3409
72.9 min

1702

m/z 338.3409
72.9 min

1703

m/z 338.3412
69.2 min

1620

m/z 338.3406
73.2 min

1708

m/z 593.2747
73.2 min

1709

m/z 338.3411
69.2 min

1618

m/z 338.3410
69.2 min

1619

m/z 609.2675
74.3 min

1735

m/z 338.3411
73.9 min

1725

m/z 338.3409
74.0 min

1727

m/z 338.3409
74.0 min

1726

m/z 609.2678
74.3 min

1733

m/z 609.2678
74.3 min

1734

m/z 338.3412
73.9 min

1723

m/z 338.3412
73.9 min

1724

m/z 338.3412
73.8 min

1722

m/z 338.3412
73.8 min

1721

m/z 338.3408
73.0 min

1704

m/z 338.3409
74.1 min

1728

m/z 338.3409
74.1 min

1729

m/z 496.3624
82.7 min

1919

m/z 338.3412
69.1 min

1617

m/z 338.3412
69.1 min

1616

m/z 496.3624
82.7 min

1920

m/z 338.3409
74.2 min

1732

m/z 338.3409
74.2 min

1730

m/z 338.3409
74.2 min

1731

m/z 338.3412
69.0 min

1615

m/z 496.3623
82.6 min

1918

m/z 609.2674
74.6 min

1740

m/z 338.3406
75.3 min

1756

m/z 338.3407
73.1 min

1706

m/z 338.3405
75.3 min

1755

m/z 338.3406
73.1 min

1705

m/z 338.3412
69.0 min

1614

m/z 593.2739
73.7 min

1720

m/z 535.2680
78.6 min

1828

m/z 197.1180
33.8 min

769

m/z 338.3405
75.2 min

1753

m/z 338.3405
75.3 min

1754

m/z 338.3406
75.4 min

1757

m/z 496.3623
82.6 min

1916

m/z 338.3405
75.1 min

1751

m/z 338.3405
73.1 min

1707

m/z 338.3406
75.4 min

1758

m/z 496.3623
82.6 min

1917

m/z 236.1496
75.1 min

1752

m/z 338.3411
68.8 min

1611

m/z 338.3404
75.1 min

1750

m/z 338.3404
74.9 min

1746

m/z 338.3403
74.9 min

1745

m/z 338.3411
68.8 min

1610

m/z 338.3410
68.9 min

1613

m/z 338.3410
68.9 min

1612

m/z 338.3405
75.5 min

1759

m/z 338.3404
74.9 min

1747

m/z 331.2837
59.0 min

1384

m/z 197.1180
33.7 min

768

m/z 331.2837
59.1 min

1385

m/z 338.3406
75.5 min

1760

m/z 338.3403
75.0 min

1749

m/z 338.3405
75.6 min

1761

m/z 338.3403
75.0 min

1748

m/z 338.3404
74.8 min

1744

m/z 496.3621
82.5 min

1915

m/z 331.2838
59.0 min

1382

m/z 236.1498
82.5 min

1914

m/z 338.3405
75.6 min

1762

m/z 338.3404
74.7 min

1742

m/z 338.3404
74.6 min

1741

m/z 236.1496
74.7 min

1743

m/z 338.3407
75.6 min

1763

m/z 197.1181
33.9 min

772

m/z 338.3411
68.8 min

1609

m/z 197.1181
33.9 min

771

m/z 331.2838
58.9 min

1380

m/z 331.2838
58.9 min

1381

m/z 496.3622
82.4 min

1913

m/z 231.0848
8.1 min

167

m/z 231.0848
8.1 min

168

m/z 197.1181
33.9 min

773

m/z 235.2054
59.3 min

1390

m/z 338.3408
75.7 min

1764

m/z 235.2054
59.3 min

1391

m/z 162.1139
6.2 min

121

m/z 162.1139
6.2 min

120

m/z 162.1138
6.1 min

119

m/z 162.1138
6.1 min

117

m/z 162.1138
6.1 min

118

m/z 338.3411
68.7 min

1608

m/z 496.3622
82.4 min

1911

m/z 496.3623
82.4 min

1912

m/z 637.3001
80.7 min

1872

m/z 496.3620
82.3 min

1910

m/z 637.2999
80.8 min

1873

m/z 496.3621
82.3 min

1909

m/z 231.0847
8.1 min

166

m/z 338.3408
75.8 min

1766

m/z 535.2686
79.5 min

1845

m/z 535.2688
79.5 min

1846

m/z 470.3467
76.5 min

1781

m/z 470.3467
76.4 min

1780

m/z 470.3463
76.1 min

1774

m/z 470.3464
76.3 min

1778

m/z 470.3467
76.6 min

1783

m/z 470.3467
76.5 min

1782

m/z 470.3467
76.4 min

1779

m/z 494.3458
64.9 min

1520

m/z 637.2998
80.7 min

1871

m/z 470.3461
76.0 min

1772

m/z 470.3465
76.3 min

1775

m/z 470.3463
76.3 min

1776

m/z 494.3460
65.0 min

1523

m/z 494.3462
66.5 min

1555

m/z 494.3460
65.0 min

1521

m/z 494.3462
66.5 min

1556

m/z 494.3460
65.0 min

1522

m/z 470.3461
76.1 min

1773

m/z 494.3458
64.9 min

1519

m/z 331.2836
58.8 min

1379

m/z 197.1180
33.7 min

767

m/z 236.1495
64.8 min

1518

m/z 470.3463
76.3 min

1777

m/z 470.3466
77.0 min

1792

m/z 470.3467
76.7 min

1785

m/z 470.3467
76.7 min

1784

m/z 577.2667
53.3 min

1243

m/z 470.3465
77.0 min

1790

m/z 338.3410
75.8 min

1767

m/z 535.2682
78.6 min

1827

m/z 338.3408
75.9 min

1768

m/z 637.3002
80.8 min

1874

m/z 470.3459
76.0 min

1771

m/z 470.3465
77.1 min

1793

m/z 494.3459
67.4 min

1578

m/z 494.3462
66.4 min

1554

m/z 331.2838
59.2 min

1386

m/z 470.3465
77.0 min

1791

m/z 470.3465
77.1 min

1794

m/z 496.3621
82.2 min

1908

m/z 496.3621
82.2 min

1907

m/z 494.3460
67.4 min

1579

m/z 470.3467
76.7 min

1786

m/z 470.3467
76.7 min

1787

m/z 470.3466
76.8 min

1788

m/z 470.3465
76.9 min

1789

m/z 338.3410
68.6 min

1606

m/z 338.3410
68.6 min

1607

m/z 470.3464
77.2 min

1795

m/z 494.3460
67.3 min

1577

m/z 236.1498
67.3 min

1576

m/z 494.3461
66.6 min

1558

m/z 494.3462
66.5 min

1557

m/z 494.3461
66.3 min

1553

m/z 494.3461
66.3 min

1552

m/z 494.3457
65.8 min

1540

m/z 494.3457
65.8 min

1539

m/z 236.1497
65.7 min

1538

m/z 494.3458
65.6 min

1537

m/z 494.3458
65.6 min

1536

m/z 494.3458
65.1 min

1526

m/z 494.3460
65.1 min

1525

m/z 494.3459
65.1 min

1524

m/z 399.1328
59.9 min

1404

m/z 470.3463
75.9 min

1770

m/z 577.2668
53.2 min

1242

m/z 577.2668
53.2 min

1241

m/z 577.2667
53.2 min

1240

m/z 577.2667
53.2 min

1239

m/z 470.3463
75.9 min

1769

m/z 470.3465
77.3 min

1799

m/z 470.3465
77.3 min

1798

m/z 470.3465
77.3 min

1797

m/z 470.3464
77.2 min

1796

m/z 494.3460
64.7 min

1515

m/z 494.3461
66.3 min

1551

m/z 494.3459
65.9 min

1543

m/z 496.3621
82.1 min

1906

m/z 494.3461
64.8 min

1517

m/z 494.3461
64.7 min

1516

m/z 494.3458
65.8 min

1541

m/z 162.1139
6.2 min

122

m/z 494.3459
66.0 min

1546

m/z 494.3459
66.1 min

1547

m/z 494.3459
65.8 min

1542

m/z 331.2836
58.8 min

1378

m/z 162.1138
6.2 min

123

m/z 494.3459
66.0 min

1544

m/z 494.3460
67.4 min

1580

m/z 470.3463
77.4 min

1800

m/z 494.3458
65.2 min

1527

m/z 494.3459
66.0 min

1545

m/z 470.3461
77.7 min

1807

m/z 494.3459
66.2 min

1548

m/z 494.3459
66.2 min

1549

m/z 236.1494
61.2 min

1433

m/z 494.3459
66.2 min

1550

m/z 470.3465
77.5 min

1802

m/z 468.3302
61.1 min

1432

m/z 470.3465
77.5 min

1804

m/z 470.3462
77.7 min

1805

m/z 637.3000
80.6 min

1870

m/z 637.3000
80.6 min

1869

m/z 494.3457
65.5 min

1535

m/z 470.3464
77.5 min

1803

m/z 494.3461
66.6 min

1559

m/z 468.3300
61.3 min

1435

m/z 236.1495
65.4 min

1532

m/z 494.3457
65.5 min

1533

m/z 494.3457
65.5 min

1534

m/z 494.3461
64.6 min

1514

m/z 331.2836
59.3 min

1388

m/z 331.2838
59.3 min

1389

m/z 468.3301
61.2 min

1434

m/z 470.3464
77.5 min

1801

m/z 494.3461
64.6 min

1513

m/z 331.2838
59.2 min

1387

m/z 496.3620
82.1 min

1905

m/z 494.3457
65.3 min

1528

m/z 494.3457
65.3 min

1529

m/z 494.3460
65.3 min

1530

m/z 236.1497
82.1 min

1904

m/z 470.3462
77.7 min

1806

m/z 494.3462
66.7 min

1561

m/z 494.3463
66.7 min

1560

m/z 162.1136
5.8 min

111

m/z 468.3303
61.1 min

1430

m/z 468.3303
61.1 min

1431

m/z 637.3001
80.9 min

1875

m/z 470.3461
77.8 min

1811

m/z 470.3463
77.8 min

1810

m/z 470.3464
77.8 min

1809

m/z 470.3464
77.8 min

1808

m/z 637.3003
80.9 min

1877

m/z 637.3003
80.9 min

1876

m/z 162.1136
5.8 min

112

m/z 494.3462
66.9 min

1567

m/z 494.3462
66.9 min

1566

m/z 494.3462
66.9 min

1565

m/z 494.3457
65.4 min

1531

m/z 494.3462
66.7 min

1563

m/z 494.3461
67.5 min

1582

m/z 494.3461
67.5 min

1581

m/z 494.3462
66.7 min

1562

m/z 338.3411
68.6 min

1605

m/z 637.3000
80.5 min

1868

m/z 468.3300
61.3 min

1436

m/z 468.3300
61.4 min

1437

m/z 494.3461
66.8 min

1564

m/z 494.3463
67.0 min

1568

m/z 494.3462
67.0 min

1569

m/z 494.3461
64.6 min

1512

m/z 494.3461
67.2 min

1573

m/z 496.3619
82.0 min

1903

m/z 197.1181
34.0 min

774

m/z 494.3462
67.2 min

1574

m/z 494.3462
67.2 min

1575

m/z 577.2670
53.4 min

1244

m/z 235.2054
59.5 min

1393

m/z 468.3300
61.4 min

1438

m/z 468.3303
61.5 min

1439

m/z 468.3303
61.5 min

1440

m/z 468.3303
61.5 min

1441

m/z 235.2054
59.5 min

1392

m/z 623.2474
68.2 min

1597

m/z 496.3620
82.0 min

1901

m/z 496.3620
82.0 min

1902

m/z 494.3461
67.1 min

1570

m/z 494.3461
67.1 min

1571

m/z 494.3462
67.1 min

1572

m/z 177.0618
5.0 min

90

m/z 177.0618
5.0 min

89

m/z 468.3302
61.5 min

1442

m/z 470.3461
78.1 min

1815

m/z 470.3461
78.1 min

1816

m/z 470.3462
78.1 min

1817

m/z 470.3462
78.1 min

1818

m/z 470.3463
78.2 min

1819

m/z 177.0618
4.9 min

88

m/z 470.3462
77.9 min

1813

m/z 470.3462
77.9 min

1812

m/z 470.3461
78.0 min

1814

m/z 494.3458
64.5 min

1511

m/z 494.3460
67.6 min

1583

m/z 637.2998
80.5 min

1867

m/z 637.2998
80.5 min

1866

m/z 177.0618
4.8 min

85

m/z 177.0618
4.8 min

86

m/z 177.0618
4.8 min

87

m/z 468.3301
61.6 min

1444

m/z 468.3301
61.6 min

1443

m/z 468.3302
61.0 min

1429

m/z 162.1138
6.3 min

124

m/z 331.2837
58.7 min

1377

m/z 470.3460
78.3 min

1821

m/z 470.3461
78.3 min

1820

m/z 496.3619
81.9 min

1898

m/z 496.3619
81.9 min

1899

m/z 496.3621
81.9 min

1900

m/z 338.3412
68.5 min

1604

m/z 338.3412
68.5 min

1603

m/z 496.3619
81.7 min

1895

m/z 399.1329
60.0 min

1405

m/z 399.1329
60.0 min

1406

m/z 470.3458
78.4 min

1822

m/z 597.2685
68.1 min

1593

m/z 494.3459
67.6 min

1584

m/z 494.3459
67.7 min

1585

m/z 468.3302
61.7 min

1446

m/z 468.3301
61.6 min

1445

m/z 597.2685
68.1 min

1594

m/z 470.3457
78.4 min

1825

m/z 470.3455
78.4 min

1824

m/z 496.3617
81.8 min

1897

m/z 470.3460
78.4 min

1823

m/z 496.3618
81.8 min

1896

m/z 285.2418
60.8 min

1423

m/z 637.3002
81.0 min

1878

m/z 494.3459
68.2 min

1596

m/z 494.3460
67.7 min

1586

m/z 494.3460
68.1 min

1595

m/z 325.2370
56.6 min

1325

m/z 468.3301
61.7 min

1447

m/z 496.3619
81.7 min

1894

m/z 468.3303
60.9 min

1428

m/z 338.3409
68.4 min

1602

m/z 338.3409
68.4 min

1601

m/z 468.3300
61.7 min

1448

m/z 468.3303
60.9 min

1427

m/z 470.3459
78.5 min

1826

m/z 623.2474
68.3 min

1598

m/z 468.3300
61.8 min

1449

m/z 197.1178
33.6 min

766

m/z 494.3458
67.8 min

1587

m/z 577.2667
53.4 min

1245

m/z 577.2663
53.5 min

1247

m/z 577.2667
53.4 min

1246

m/z 494.3459
67.9 min

1591

m/z 496.3617
81.6 min

1893

m/z 623.2474
68.3 min

1599

m/z 597.2684
68.0 min

1592

m/z 162.1137
6.3 min

125

m/z 637.3001
80.4 min

1865

m/z 468.3301
61.8 min

1450

m/z 496.3619
81.5 min

1891

m/z 496.3618
80.0 min

1857

m/z 496.3620
79.9 min

1856

m/z 236.1497
79.9 min

1855

m/z 496.3618
79.8 min

1853

m/z 494.3458
68.3 min

1600

m/z 231.0848
8.2 min

170

m/z 468.3303
61.9 min

1453

m/z 468.3303
61.9 min

1452

m/z 236.1496
81.5 min

1892

m/z 494.3459
67.9 min

1589

m/z 496.3617
80.3 min

1862

m/z 231.0848
8.2 min

171

m/z 494.3459
67.9 min

1590

m/z 496.3618
80.1 min

1859

m/z 496.3620
80.1 min

1858

m/z 399.1324
59.9 min

1403

m/z 331.2835
59.6 min

1398

m/z 496.3618
80.1 min

1860

m/z 331.2835
59.6 min

1396

m/z 331.2836
59.6 min

1395

m/z 331.2836
59.6 min

1394

m/z 496.3618
80.1 min

1861

m/z 496.3617
79.9 min

1854

m/z 236.1497
80.3 min

1863

m/z 331.2834
59.6 min

1397

m/z 494.3458
67.9 min

1588

m/z 530.3320
45.9 min

1064

m/z 496.3621
81.5 min

1890

m/z 637.3003
80.4 min

1864

m/z 468.3302
61.8 min

1451

m/z 325.2369
56.5 min

1324

m/z 325.2369
56.5 min

1323

m/z 277.2155
64.3 min

1507

m/z 236.1494
64.3 min

1506

m/z 530.3325
45.9 min

1062

m/z 496.3617
81.3 min

1886

m/z 496.3617
81.2 min

1882

m/z 468.3303
60.9 min

1426

m/z 177.0617
5.1 min

91

m/z 177.0617
5.1 min

92

m/z 331.2834
59.7 min

1400

m/z 331.2834
59.7 min

1399

m/z 177.0618
5.1 min

93

m/z 496.3617
79.8 min

1852

m/z 496.3617
79.7 min

1851

m/z 496.3614
79.7 min

1850

m/z 496.3616
79.6 min

1849

m/z 496.3616
79.6 min

1848

m/z 535.2687
79.5 min

1847

m/z 236.1496
81.2 min

1883

m/z 496.3617
81.2 min

1884

m/z 162.1136
6.5 min

129

m/z 162.1136
6.5 min

128

m/z 162.1136
6.5 min

127

m/z 162.1136
6.4 min

126

m/z 496.3617
81.2 min

1885

m/z 496.3618
81.4 min

1887

m/z 496.3618
81.4 min

1888

m/z 496.3619
81.4 min

1889

m/z 530.3325
45.9 min

1061

m/z 494.3457
64.4 min

1510

m/z 494.3455
64.4 min

1509

m/z 494.3455
64.4 min

1508

m/z 285.2417
60.7 min

1422

m/z 530.3320
46.0 min

1067

m/z 237.2207
62.3 min

1462

m/z 237.2207
62.4 min

1463

m/z 637.3001
81.0 min

1879

m/z 496.3618
81.1 min

1880

m/z 468.3298
62.0 min

1454

m/z 237.2208
62.4 min

1464

m/z 285.2417
60.6 min

1420

m/z 530.3320
46.0 min

1066

m/z 530.3321
46.0 min

1065

m/z 496.3616
81.1 min

1881

m/z 285.2417
60.7 min

1421

m/z 285.2416
60.8 min

1424

m/z 236.1494
60.8 min

1425

m/z 197.1181
34.0 min

775

m/z 471.2938
58.7 min

1376

m/z 471.2938
58.7 min

1375

m/z 331.2835
58.7 min

1374

m/z 325.2371
56.7 min

1327

m/z 197.1181
34.0 min

776

m/z 197.1180
34.0 min

777

m/z 325.2370
56.7 min

1326

m/z 468.3299
62.0 min

1455

m/z 177.0619
4.7 min

84

m/z 177.0619
4.7 min

83

m/z 471.2937
58.6 min

1373

m/z 177.0619
4.7 min

82

m/z 162.1135
6.6 min

131

m/z 468.3299
62.0 min

1456

m/z 162.1135
6.6 min

130

m/z 303.2527
54.6 min

1275

m/z 303.2527
54.6 min

1276

m/z 379.2830
63.3 min

1481

m/z 379.2830
63.3 min

1482

m/z 379.2828
63.2 min

1480

m/z 530.3319
46.0 min

1068

m/z 468.3300
62.1 min

1457

m/z 277.2153
64.2 min

1504

m/z 162.1134
6.7 min

132

m/z 277.2153
64.3 min

1505

m/z 303.2527
54.6 min

1274

m/z 471.2934
58.5 min

1372

m/z 236.1492
64.0 min

1498

m/z 277.2155
63.9 min

1497

m/z 303.2527
54.5 min

1272

m/z 303.2527
54.5 min

1273

m/z 162.1134
6.7 min

135

m/z 162.1134
6.7 min

134

m/z 399.1326
60.1 min

1408

m/z 399.1328
60.1 min

1407

m/z 162.1134
6.7 min

133

m/z 273.1463
47.8 min

1110

m/z 303.2527
54.7 min

1278

m/z 579.2822
55.8 min

1306

m/z 579.2822
55.7 min

1305

m/z 277.2153
64.1 min

1501

m/z 277.2156
64.0 min

1500

m/z 277.2156
64.0 min

1499

m/z 579.2819
55.7 min

1304

m/z 331.2833
59.8 min

1402

m/z 331.2835
59.8 min

1401

m/z 579.2814
55.4 min

1297

m/z 444.3298
63.9 min

1496

m/z 379.2829
63.4 min

1484

m/z 379.2830
63.3 min

1483

m/z 579.2814
55.4 min

1296

m/z 579.2812
55.4 min

1295

m/z 579.2814
55.3 min

1294

m/z 514.3716
62.9 min

1473

m/z 514.3715
62.7 min

1469

m/z 514.3717
62.7 min

1468

m/z 237.2208
62.5 min

1466

m/z 237.2207
62.5 min

1465

m/z 579.2815
55.3 min

1293

m/z 579.2815
55.3 min

1292

m/z 162.1135
6.8 min

136

m/z 514.3713
62.2 min

1461

m/z 514.3712
62.2 min

1460

m/z 530.3319
46.1 min

1070

m/z 530.3318
46.1 min

1069

m/z 514.3712
62.2 min

1459

m/z 468.3297
62.2 min

1458

m/z 162.1135
6.8 min

137

m/z 162.1135
6.9 min

138

m/z 303.2527
54.7 min

1279

m/z 303.2527
54.7 min

1277

m/z 303.2524
54.4 min

1271

m/z 303.2524
54.4 min

1270

m/z 181.1230
51.6 min

1204

m/z 181.1230
51.6 min

1203

m/z 181.1230
51.5 min

1202

m/z 530.3319
45.8 min

1060

m/z 530.3318
45.7 min

1059

m/z 530.3318
45.7 min

1058

m/z 273.1462
47.8 min

1111

m/z 514.3716
62.6 min

1467

m/z 285.2419
56.0 min

1310

m/z 579.2820
55.8 min

1307

m/z 579.2816
55.7 min

1303

m/z 197.1179
33.5 min

765

m/z 303.2524
54.8 min

1280

m/z 162.1134
7.0 min

142

m/z 162.1135
6.9 min

139

m/z 516.3873
60.2 min

1409

m/z 514.3712
63.2 min

1479

m/z 577.2666
53.6 min

1248

m/z 579.2815
55.6 min

1302

m/z 181.1228
51.4 min

1199

m/z 514.3719
63.0 min

1475

m/z 279.2312
63.0 min

1474

m/z 273.1462
47.8 min

1112

m/z 514.3714
62.8 min

1472

m/z 514.3717
62.8 min

1471

m/z 514.3715
62.8 min

1470

m/z 277.2155
64.1 min

1502

m/z 181.1228
51.4 min

1200

m/z 181.1228
51.5 min

1201

m/z 181.1227
51.7 min

1205

m/z 181.1227
51.7 min

1206

m/z 277.2154
64.1 min

1503

m/z 162.1134
7.0 min

143

m/z 268.1045
9.5 min

203

m/z 268.1045
9.5 min

202

m/z 268.1046
9.5 min

201

m/z 577.2663
53.0 min

1237

m/z 577.2666
53.1 min

1238

m/z 577.2666
53.6 min

1249

m/z 577.2666
53.6 min

1250

m/z 162.1135
6.9 min

140

m/z 162.1135
7.0 min

141

m/z 197.1179
33.5 min

764

m/z 325.2368
56.8 min

1329

m/z 325.2370
56.7 min

1328

m/z 579.2815
55.9 min

1308

m/z 181.1227
51.4 min

1198

m/z 530.3319
46.2 min

1071

m/z 579.2818
55.5 min

1299

m/z 579.2814
55.5 min

1298

m/z 177.0617
5.2 min

94

m/z 236.1492
63.5 min

1487

m/z 444.3300
63.4 min

1486

m/z 444.3300
63.4 min

1485

m/z 285.2418
56.0 min

1312

m/z 285.2418
56.0 min

1311

m/z 514.3712
63.1 min

1478

m/z 579.2818
55.5 min

1300

m/z 514.3712
63.1 min

1477

m/z 514.3716
63.0 min

1476

m/z 516.3873
60.2 min

1410

m/z 516.3873
60.2 min

1411

m/z 118.0868
5.7 min

109

m/z 512.3564
53.8 min

1254

m/z 444.3299
63.6 min

1488

m/z 162.1134
7.2 min

144

m/z 162.1133
7.2 min

145

m/z 177.0617
5.2 min

95

m/z 177.0616
5.3 min

98

m/z 226.9517
5.3 min

99

m/z 226.9517
5.3 min

100

m/z 512.3559
55.2 min

1291

m/z 118.0868
5.7 min

110

m/z 285.2415
56.1 min

1313

m/z 444.3300
63.8 min

1495

m/z 444.3300
63.8 min

1494

m/z 514.3716
56.9 min

1331

m/z 496.3629
56.8 min

1330

m/z 527.2812
49.1 min

1144

m/z 649.3392
55.9 min

1309

m/z 236.1492
63.7 min

1493

m/z 444.3301
63.7 min

1492

m/z 444.3299
63.6 min

1491

m/z 444.3301
63.6 min

1490

m/z 444.3299
63.6 min

1489

m/z 325.2369
56.5 min

1322

m/z 514.3717
56.5 min

1321

m/z 512.3560
53.9 min

1257

m/z 231.0845
8.3 min

173

m/z 231.0847
8.2 min

172

m/z 303.2523
54.8 min

1281

m/z 303.2523
54.8 min

1282

m/z 516.3872
60.4 min

1415

m/z 512.3560
55.0 min

1285

m/z 512.3558
55.0 min

1286

m/z 162.1132
7.3 min

148

m/z 162.1132
7.3 min

147

m/z 162.1133
7.2 min

146

m/z 197.1176
34.1 min

778

m/z 516.3871
60.4 min

1414

m/z 516.3871
60.4 min

1413

m/z 516.3872
60.3 min

1412

m/z 512.3558
55.1 min

1287

m/z 512.3559
55.1 min

1288

m/z 512.3558
55.2 min

1289

m/z 512.3558
55.2 min

1290

m/z 579.2817
55.5 min

1301

m/z 226.1801
47.6 min

1105

m/z 226.1801
47.6 min

1106

m/z 226.1803
47.6 min

1107

m/z 514.3717
56.4 min

1320

m/z 514.3715
57.0 min

1335

m/z 514.3715
57.0 min

1334

m/z 514.3716
57.0 min

1333

m/z 514.3715
56.9 min

1332

m/z 527.2819
49.0 min

1142

m/z 527.2810
49.0 min

1143

m/z 181.1224
51.2 min

1195

m/z 181.1226
51.2 min

1196

m/z 181.1225
51.2 min

1197

m/z 268.1045
9.6 min

204

m/z 577.2661
53.7 min

1251

m/z 577.2661
53.7 min

1252

m/z 577.2661
53.7 min

1253

m/z 236.1495
53.8 min

1255

m/z 512.3562
53.8 min

1256

m/z 177.0616
5.2 min

96

m/z 512.3559
53.9 min

1258

m/z 488.3564
52.9 min

1236

m/z 488.3566
52.9 min

1235

m/z 488.3566
52.8 min

1234

m/z 291.1949
52.0 min

1216

m/z 516.3870
60.5 min

1416

m/z 181.1224
51.7 min

1209

m/z 181.1224
51.7 min

1208

m/z 181.1226
51.7 min

1207

m/z 274.2733
49.5 min

1152

m/z 274.2733
49.4 min

1151

m/z 527.2812
49.2 min

1146

m/z 527.2812
49.2 min

1145

m/z 273.1460
47.9 min

1113

m/z 226.1801
47.7 min

1109

m/z 226.1801
47.7 min

1108

m/z 516.3870
60.5 min

1417

m/z 514.3715
56.3 min

1317

m/z 514.3715
56.3 min

1318

m/z 514.3716
56.3 min

1319

m/z 512.3561
55.0 min

1284

m/z 512.3554
58.5 min

1371

m/z 538.3700
58.1 min

1362

m/z 538.3700
58.1 min

1361

m/z 538.3701
58.1 min

1360

m/z 538.3698
58.0 min

1359

m/z 538.3698
58.0 min

1358

m/z 236.1489
58.0 min

1357

m/z 363.2129
57.4 min

1345

m/z 363.2129
57.4 min

1344

m/z 363.2129
57.4 min

1343

m/z 603.2899
57.3 min

1342

m/z 303.2521
54.9 min

1283

m/z 603.2899
57.3 min

1340

m/z 603.2902
57.2 min

1339

m/z 603.2902
57.2 min

1338

m/z 514.3716
57.1 min

1337

m/z 514.3716
57.1 min

1336

m/z 530.3317
46.2 min

1072

m/z 530.3317
46.2 min

1073

m/z 516.3869
60.6 min

1418

m/z 285.2418
60.6 min

1419

m/z 530.3314
46.3 min

1074

m/z 162.1131
7.4 min

149

m/z 377.1451
23.3 min

522

m/z 377.1452
23.2 min

521

m/z 162.1131
7.4 min

150

m/z 274.2732
54.4 min

1269

m/z 216.9227
5.4 min

101

m/z 512.3558
54.0 min

1261

m/z 512.3557
54.0 min

1260

m/z 512.3558
54.0 min

1259

m/z 226.9517
5.3 min

97

m/z 603.2899
57.3 min

1341

m/z 525.2639
50.0 min

1167

m/z 527.2801
50.1 min

1168

m/z 527.2801
50.2 min

1169

m/z 527.2801
50.2 min

1170

m/z 181.1221
51.1 min

1193

m/z 181.1225
51.2 min

1194

m/z 291.1947
52.0 min

1214

m/z 291.1947
52.0 min

1215

m/z 291.1948
52.1 min

1217

m/z 315.1558
52.1 min

1218

m/z 315.1559
52.2 min

1219

m/z 315.1560
52.2 min

1220

m/z 488.3562
52.7 min

1231

m/z 470.3469
52.7 min

1232

m/z 488.3564
52.8 min

1233

m/z 512.3556
54.1 min

1262

m/z 512.3555
54.1 min

1263

m/z 512.3556
54.2 min

1264

m/z 274.2732
54.3 min

1267

m/z 274.2733
54.3 min

1268

m/z 236.1494
56.2 min

1314

m/z 514.3709
56.2 min

1315

m/z 514.3709
56.2 min

1316

m/z 363.2124
57.5 min

1346

m/z 363.2124
57.5 min

1347

m/z 538.3694
57.8 min

1354

m/z 538.3694
57.9 min

1355

m/z 538.3697
57.9 min

1356

m/z 538.3697
58.2 min

1363

m/z 538.3696
58.2 min

1364

m/z 538.3696
58.3 min

1365

m/z 162.1130
7.5 min

151

m/z 162.1131
7.5 min

152

m/z 162.1129
7.6 min

153

m/z 538.3696
58.3 min

1366

m/z 538.3696
58.3 min

1367

m/z 512.3550
58.4 min

1368

m/z 236.1490
58.4 min

1369

m/z 512.3550
58.4 min

1370

m/z 377.1453
23.3 min

523

m/z 299.1101
32.9 min

754

m/z 299.1103
33.0 min

755

m/z 299.1103
33.0 min

756

m/z 299.1103
33.1 min

757

m/z 236.1494
8.0 min

164

m/z 236.1495
8.0 min

165

m/z 291.1567
33.1 min

758

m/z 291.1566
33.2 min

759

m/z 197.1175
33.4 min

763

m/z 291.1567
34.2 min

781

m/z 291.1569
34.2 min

782

m/z 291.1568
34.3 min

783

m/z 385.1463
41.0 min

941

m/z 385.1466
41.0 min

942

m/z 385.1466
41.0 min

943

m/z 257.1283
41.5 min

953

m/z 257.1283
41.5 min

954

m/z 257.1284
41.5 min

955

m/z 191.1432
42.9 min

989

m/z 191.1432
42.9 min

990

m/z 191.1432
43.0 min

991

m/z 353.2294
46.5 min

1077

m/z 237.1483
46.5 min

1078

m/z 353.2291
46.5 min

1079

m/z 353.2291
46.5 min

1080

m/z 273.1455
48.1 min

1117

m/z 273.1455
48.1 min

1118

m/z 273.1455
48.1 min

1119

m/z 273.1455
48.2 min

1120

m/z 274.2734
49.4 min

1150

m/z 274.2733
49.5 min

1153

m/z 274.2733
49.6 min

1154

m/z 268.1044
9.4 min

200

m/z 268.1044
9.6 min

205

m/z 274.2733
49.6 min

1155

m/z 274.2733
49.6 min

1156

m/z 525.2655
50.0 min

1165

m/z 525.2639
50.0 min

1166

m/z 191.1430
42.8 min

987

m/z 344.2651
36.5 min

835

m/z 530.3308
45.1 min

1041

m/z 530.3315
45.1 min

1042

m/z 233.1530
48.2 min

1121

m/z 233.1531
48.2 min

1122

m/z 530.3315
45.1 min

1043

m/z 530.3313
45.2 min

1044

m/z 530.3313
45.2 min

1045

m/z 530.3308
45.2 min

1046

m/z 530.3308
45.3 min

1047

m/z 291.1565
33.2 min

760

m/z 377.1450
23.1 min

518

m/z 377.1450
23.1 min

519

m/z 603.2871
57.6 min

1348

m/z 603.2871
57.7 min

1349

m/z 538.3681
57.7 min

1350

m/z 512.3552
54.2 min

1265

m/z 512.3550
54.3 min

1266

m/z 603.2867
57.7 min

1351

m/z 530.3312
45.7 min

1057

m/z 191.1430
42.8 min

988

m/z 605.2953
57.7 min

1352

m/z 191.1431
42.8 min

986

m/z 216.9226
5.4 min

102

m/z 216.9226
5.5 min

103

m/z 104.1075
5.5 min

104

m/z 104.1075
5.6 min

105

m/z 104.1076
5.6 min

106

m/z 104.1076
5.6 min

107

m/z 104.1076
5.7 min

108

m/z 162.1130
7.6 min

154

m/z 162.1129
7.6 min

155

m/z 162.1130
7.7 min

156

m/z 162.1128
7.7 min

157

m/z 236.1493
7.8 min

158

m/z 236.1494
7.8 min

159

m/z 236.1494
7.9 min

160

m/z 236.1493
7.9 min

161

m/z 236.1494
7.9 min

162

m/z 236.1494
7.9 min

163

m/z 231.0844
8.3 min

174

m/z 236.1489
57.8 min

1353

m/z 406.2425
30.0 min

682

m/z 299.1099
32.9 min

753

m/z 548.3774
41.4 min

952

m/z 299.1100
32.9 min

752

m/z 287.1251
42.5 min

980

m/z 287.1251
42.5 min

979

m/z 197.1173
30.8 min

699

m/z 548.3780
41.3 min

949

m/z 548.3780
41.3 min

948

m/z 548.3780
41.3 min

947

m/z 548.3777
41.1 min

946

m/z 548.3777
41.1 min

945

m/z 548.3777
41.1 min

944

m/z 237.1484
46.4 min

1075

m/z 237.1484
46.4 min

1076

m/z 191.1431
43.0 min

992

m/z 191.1431
43.0 min

993

m/z 385.1459
40.9 min

940

m/z 385.1459
40.9 min

939

m/z 353.2288
46.6 min

1081

m/z 527.2809
49.2 min

1147

m/z 274.2735
49.3 min

1148

m/z 274.2735
49.3 min

1149

m/z 197.1173
30.9 min

700

m/z 268.1040
9.7 min

206

m/z 268.1040
9.7 min

207

m/z 268.1040
9.8 min

208

m/z 257.1282
41.6 min

957

m/z 257.1283
41.6 min

956

m/z 307.1513
27.0 min

608

m/z 307.1511
27.0 min

609

m/z 406.2428
30.0 min

680

m/z 181.1225
51.8 min

1210

m/z 274.2733
49.7 min

1157

m/z 274.2733
49.7 min

1158

m/z 274.2733
49.7 min

1159

m/z 434.2738
39.0 min

896

m/z 291.1944
51.9 min

1212

m/z 291.1946
51.9 min

1213

m/z 434.2740
39.0 min

895

m/z 434.2740
38.9 min

894

m/z 406.2428
30.0 min

681

m/z 197.1173
30.9 min

701

m/z 291.1565
34.3 min

784

m/z 197.1176
34.1 min

780

m/z 226.1795
47.5 min

1104

m/z 197.1176
34.1 min

779

m/z 315.1558
52.2 min

1221

m/z 527.2800
50.3 min

1171

m/z 257.1275
50.3 min

1172

m/z 257.1275
50.3 min

1173

m/z 257.1276
50.4 min

1174

m/z 257.1274
50.4 min

1175

m/z 257.1274
50.4 min

1176

m/z 197.1171
31.0 min

702

m/z 273.1458
48.0 min

1114

m/z 273.1458
48.0 min

1115

m/z 273.1454
48.0 min

1116

m/z 197.1173
30.8 min

698

m/z 291.1565
34.8 min

793

m/z 291.1565
34.7 min

792

m/z 291.1565
34.7 min

791

m/z 197.1170
34.6 min

789

m/z 197.1170
34.5 min

788

m/z 291.1566
34.4 min

787

m/z 291.1561
34.4 min

786

m/z 291.1561
34.4 min

785

m/z 291.1562
33.3 min

762

m/z 291.1564
33.3 min

761

m/z 285.1307
32.8 min

751

m/z 285.1306
32.8 min

750

m/z 285.1306
32.8 min

749

m/z 285.1302
32.6 min

748

m/z 181.1226
27.5 min

619

m/z 267.1561
31.8 min

725

m/z 267.1561
31.8 min

724

m/z 267.1562
31.7 min

723

m/z 267.1563
31.7 min

722

m/z 267.1564
31.7 min

721

m/z 267.1564
31.6 min

720

m/z 267.1564
31.6 min

719

m/z 267.1562
31.6 min

718

m/z 231.0840
8.4 min

175

m/z 231.0840
8.4 min

176

m/z 231.0838
8.4 min

177

m/z 130.0501
8.5 min

178

m/z 130.0498
8.6 min

179

m/z 130.0498
8.6 min

180

m/z 130.0498
8.6 min

181

m/z 130.0500
8.6 min

182

m/z 113.0348
8.7 min

183

m/z 113.0348
8.7 min

184

m/z 267.1563
31.6 min

717

m/z 267.1563
31.5 min

716

m/z 267.1563
31.5 min

715

m/z 267.1564
31.5 min

714

m/z 267.1561
31.4 min

713

m/z 267.1563
31.3 min

712

m/z 267.1563
31.3 min

711

m/z 181.1226
31.3 min

710

m/z 181.1226
31.2 min

709

m/z 181.1226
31.2 min

708

m/z 197.1172
31.0 min

704

m/z 197.1169
31.0 min

703

m/z 197.1172
30.7 min

697

m/z 136.0620
9.3 min

198

m/z 268.1039
9.3 min

199

m/z 268.1041
9.8 min

209

m/z 267.1564
30.6 min

696

m/z 278.1594
9.9 min

211

m/z 152.0569
9.9 min

212

m/z 152.0569
10.0 min

213

m/z 152.0570
10.1 min

214

m/z 278.1596
10.1 min

215

m/z 278.1596
10.1 min

216

m/z 278.1599
10.2 min

217

m/z 179.0232
10.3 min

218

m/z 179.0232
10.3 min

219

m/z 267.1564
30.6 min

695

m/z 197.1171
30.6 min

694

m/z 209.1149
30.5 min

693

m/z 209.1149
30.5 min

692

m/z 209.1149
30.4 min

691

m/z 209.1148
30.3 min

690

m/z 209.1147
30.3 min

689

m/z 209.1147
30.3 min

688

m/z 406.2425
30.2 min

687

m/z 406.2428
30.2 min

686

m/z 406.2427
30.1 min

685

m/z 406.2427
30.1 min

684

m/z 406.2424
30.1 min

683

m/z 406.2432
29.9 min

679

m/z 223.0940
29.4 min

664

m/z 223.0940
29.4 min

663

m/z 223.0941
29.3 min

662

m/z 223.0942
29.2 min

661

m/z 223.0940
29.2 min

660

m/z 207.1377
28.0 min

631

m/z 207.1381
27.9 min

630

m/z 207.1381
27.9 min

629

m/z 207.1380
27.9 min

628

m/z 207.1379
27.8 min

627

m/z 207.1379
27.8 min

626

m/z 207.1377
27.7 min

625

m/z 530.3304
45.3 min

1048

m/z 530.3306
45.4 min

1049

m/z 530.3306
45.4 min

1050

m/z 575.2503
45.4 min

1051

m/z 215.1426
45.5 min

1052

m/z 215.1426
45.5 min

1053

m/z 215.1426
45.6 min

1054

m/z 215.1427
45.6 min

1055

m/z 215.1427
45.6 min

1056

m/z 377.1451
23.3 min

524

m/z 287.1246
42.7 min

985

m/z 287.1246
42.7 min

984

m/z 287.1251
42.6 min

983

m/z 287.1251
42.6 min

982

m/z 287.1251
42.6 min

981

m/z 287.1247
42.4 min

978

m/z 287.1240
42.4 min

977

m/z 289.1403
42.4 min

976

m/z 333.1664
42.3 min

975

m/z 333.1664
42.3 min

974

m/z 333.1666
42.3 min

973

m/z 333.1661
42.2 min

972

m/z 191.1429
43.1 min

994

m/z 191.1427
43.1 min

995

m/z 353.2287
46.6 min

1082

m/z 353.2286
46.7 min

1083

m/z 353.2286
46.7 min

1084

m/z 353.2288
46.8 min

1085

m/z 353.2285
46.9 min

1086

m/z 353.2285
46.9 min

1087

m/z 323.2203
46.9 min

1088

m/z 257.1277
46.9 min

1089

m/z 257.1276
47.0 min

1090

m/z 525.2646
47.0 min

1091

m/z 525.2652
47.1 min

1092

m/z 525.2650
47.1 min

1093

m/z 525.2649
47.1 min

1094

m/z 526.3342
47.2 min

1095

m/z 526.3354
47.3 min

1096

m/z 526.3351
47.3 min

1097

m/z 526.3349
47.3 min

1098

m/z 526.3345
47.4 min

1099

m/z 526.3342
47.4 min

1100

m/z 526.3342
47.4 min

1101

m/z 500.3908
47.5 min

1102

m/z 500.3908
47.5 min

1103

m/z 333.1663
42.2 min

971

m/z 333.1663
42.2 min

970

m/z 289.1402
42.1 min

969

m/z 418.2774
42.0 min

968

m/z 418.2774
42.0 min

967

m/z 418.2776
42.0 min

966

m/z 418.2781
41.9 min

965

m/z 418.2781
41.9 min

964

m/z 418.2781
41.9 min

963

m/z 191.1427
43.1 min

996

m/z 191.1426
43.2 min

997

m/z 191.1426
43.2 min

998

m/z 181.1226
27.5 min

620

m/z 233.1530
48.3 min

1123

m/z 233.1526
48.3 min

1124

m/z 236.1486
48.4 min

1125

m/z 527.2791
48.4 min

1126

m/z 527.2794
48.5 min

1127

m/z 527.2797
48.5 min

1128

m/z 527.2797
48.5 min

1129

m/z 527.2796
48.6 min

1130

m/z 527.2796
48.6 min

1131

m/z 527.2797
48.7 min

1132

m/z 500.3915
48.7 min

1133

m/z 500.3915
48.7 min

1134

m/z 500.3915
48.7 min

1135

m/z 500.3918
48.8 min

1136

m/z 551.2795
48.8 min

1137

m/z 551.2795
48.8 min

1138

m/z 551.2798
48.9 min

1139

m/z 500.3920
48.9 min

1140

m/z 527.2803
49.0 min

1141

m/z 418.2780
41.9 min

962

m/z 418.2781
41.8 min

961

m/z 418.2781
41.8 min

960

m/z 257.1276
41.7 min

959

m/z 257.1281
41.7 min

958

m/z 181.1227
27.4 min

618

m/z 181.1227
27.4 min

617

m/z 181.1228
27.4 min

616

m/z 552.2916
43.4 min

1003

m/z 552.2910
43.5 min

1004

m/z 274.2731
49.8 min

1160

m/z 274.2731
49.8 min

1161

m/z 274.2726
49.9 min

1162

m/z 274.2725
49.9 min

1163

m/z 274.2725
49.9 min

1164

m/z 552.2908
43.6 min

1005

m/z 181.1226
27.3 min

615

m/z 307.1512
27.2 min

612

m/z 307.1512
27.2 min

611

m/z 391.1716
43.7 min

1009

m/z 391.1714
43.8 min

1010

m/z 236.1488
50.5 min

1177

m/z 530.3655
50.5 min

1178

m/z 510.3385
50.5 min

1179

m/z 381.2228
50.6 min

1180

m/z 381.2228
50.7 min

1181

m/z 381.2229
50.7 min

1182

m/z 381.2234
50.8 min

1183

m/z 486.3398
50.8 min

1184

m/z 236.1490
50.8 min

1185

m/z 486.3398
50.8 min

1186

m/z 381.2231
50.9 min

1187

m/z 381.2231
50.9 min

1188

m/z 381.2226
51.0 min

1189

m/z 381.2226
51.0 min

1190

m/z 486.3400
51.0 min

1191

m/z 313.1761
51.0 min

1192

m/z 391.1713
43.8 min

1011

m/z 391.1714
43.8 min

1012

m/z 548.3776
41.4 min

951

m/z 548.3776
41.4 min

950

m/z 329.1716
40.8 min

938

m/z 329.1712
40.8 min

937

m/z 329.1710
40.8 min

936

m/z 307.1513
27.1 min

610

m/z 181.1223
51.8 min

1211

m/z 391.1714
43.9 min

1013

m/z 391.1713
43.9 min

1014

m/z 307.1511
26.9 min

607

m/z 391.1709
44.0 min

1015

m/z 391.1714
44.0 min

1016

m/z 391.1720
44.0 min

1017

m/z 391.1712
44.1 min

1018

m/z 315.1555
52.3 min

1222

m/z 315.1555
52.3 min

1223

m/z 363.2127
52.4 min

1224

m/z 315.1554
52.5 min

1225

m/z 315.1554
52.5 min

1226

m/z 488.3557
52.5 min

1227

m/z 488.3552
52.6 min

1228

m/z 488.3552
52.6 min

1229

m/z 373.1604
52.6 min

1230

m/z 267.1566
25.6 min

577

m/z 267.1563
25.5 min

576

m/z 267.1564
25.4 min

575

m/z 267.1564
25.4 min

574

m/z 392.2267
25.4 min

573

m/z 392.2267
25.4 min

572

m/z 225.1095
24.0 min

537

m/z 225.1093
23.8 min

536

m/z 225.1093
23.8 min

535

m/z 225.1094
23.8 min

534

m/z 546.3598
40.4 min

926

m/z 546.3601
40.4 min

925

m/z 546.3603
40.3 min

924

m/z 546.3595
40.3 min

923

m/z 546.3591
40.2 min

922

m/z 546.3575
40.2 min

921

m/z 546.3578
40.1 min

920

m/z 377.1445
23.5 min

527

m/z 377.1447
23.4 min

526

m/z 377.1451
23.3 min

525

m/z 420.2944
39.9 min

916

m/z 420.2944
39.9 min

915

m/z 420.2943
39.8 min

914

m/z 420.2943
39.8 min

913

m/z 420.2943
39.8 min

912

m/z 420.2945
39.7 min

911

m/z 420.2944
39.6 min

910

m/z 420.2946
39.6 min

909

m/z 420.2943
39.5 min

908

m/z 420.2943
39.5 min

907

m/z 377.1452
23.0 min

517

m/z 377.1447
23.0 min

516

m/z 376.2321
22.7 min

509

m/z 351.2127
44.3 min

1024

m/z 351.2127
44.4 min

1025

m/z 351.2128
44.4 min

1026

m/z 376.2321
22.7 min

508

m/z 251.1247
22.7 min

507

m/z 251.1252
22.6 min

506

m/z 434.2728
39.3 min

902

m/z 434.2734
39.2 min

901

m/z 434.2738
39.2 min

900

m/z 434.2736
39.2 min

899

m/z 434.2736
39.1 min

898

m/z 434.2736
39.1 min

897

m/z 434.2737
38.9 min

893

m/z 251.1251
22.6 min

505

m/z 251.1251
22.5 min

504

m/z 251.1250
22.5 min

503

m/z 364.1961
16.7 min

370

m/z 257.0987
22.0 min

490

m/z 399.2341
38.6 min

887

m/z 399.2341
38.6 min

886

m/z 399.2340
38.6 min

885

m/z 399.2338
38.5 min

884

m/z 399.2337
38.5 min

883

m/z 399.2337
38.5 min

882

m/z 399.2338
38.5 min

881

m/z 257.0987
22.0 min

489

m/z 257.0990
21.9 min

488

m/z 257.0990
21.9 min

487

m/z 257.0990
21.8 min

486

m/z 257.0989
21.8 min

485

m/z 251.1250
21.7 min

483

m/z 251.1247
21.6 min

482

m/z 251.1252
21.6 min

481

m/z 251.1615
38.0 min

872

m/z 329.1715
38.0 min

871

m/z 251.1614
38.0 min

870

m/z 329.1718
37.9 min

869

m/z 329.1718
37.9 min

868

m/z 251.1251
21.6 min

480

m/z 378.2113
20.9 min

465

m/z 378.2108
20.9 min

464

m/z 378.2112
20.8 min

463

m/z 378.2111
20.8 min

462

m/z 378.2109
20.7 min

461

m/z 349.1825
20.1 min

446

m/z 351.2129
44.4 min

1027

m/z 351.2128
44.5 min

1028

m/z 351.2127
44.5 min

1029

m/z 349.1825
20.1 min

445

m/z 349.1825
20.1 min

444

m/z 305.1565
18.1 min

402

m/z 364.1966
16.9 min

375

m/z 364.1965
16.9 min

374

m/z 364.1962
16.8 min

373

m/z 364.1961
16.8 min

372

m/z 364.1963
16.7 min

371

m/z 195.0989
37.2 min

852

m/z 195.0993
37.1 min

851

m/z 195.0992
37.1 min

850

m/z 195.0990
37.0 min

849

m/z 195.0990
37.0 min

848

m/z 195.0990
37.0 min

847

m/z 195.0991
36.9 min

846

m/z 195.0992
36.9 min

845

m/z 195.0992
36.8 min

844

m/z 364.1959
16.7 min

369

m/z 344.2649
36.6 min

841

m/z 344.2650
36.6 min

840

m/z 344.2649
36.6 min

839

m/z 344.2649
36.6 min

838

m/z 344.2651
36.5 min

837

m/z 344.2651
36.5 min

836

m/z 344.2654
36.4 min

834

m/z 344.2652
36.4 min

833

m/z 344.2652
36.4 min

832

m/z 351.2127
44.5 min

1030

m/z 351.2128
44.6 min

1031

m/z 351.2128
44.6 min

1032

m/z 543.2754
44.7 min

1033

m/z 543.2754
44.7 min

1034

m/z 344.2650
36.3 min

831

m/z 261.1308
15.8 min

352

m/z 350.1811
13.6 min

300

m/z 350.1801
13.6 min

299

m/z 350.1805
13.5 min

298

m/z 350.1802
13.5 min

297

m/z 543.2752
44.8 min

1035

m/z 351.2130
44.8 min

1036

m/z 351.2130
44.9 min

1037

m/z 351.2130
44.9 min

1038

m/z 236.1492
45.0 min

1039

m/z 351.2128
45.0 min

1040

m/z 350.1802
13.5 min

296

m/z 263.0801
35.9 min

822

m/z 263.0802
35.9 min

821

m/z 263.0802
35.8 min

820

m/z 263.0802
35.8 min

819

m/z 263.0800
35.7 min

818

m/z 263.0799
35.7 min

817

m/z 263.0799
35.7 min

816

m/z 349.1617
35.6 min

815

m/z 349.1617
35.6 min

814

m/z 349.1617
35.6 min

813

m/z 349.1618
35.5 min

812

m/z 349.1618
35.5 min

811

m/z 349.1617
35.4 min

810

m/z 207.1377
35.4 min

809

m/z 207.1377
35.4 min

808

m/z 207.1380
35.4 min

807

m/z 207.1380
35.3 min

806

m/z 207.1380
35.3 min

805

m/z 207.1380
35.2 min

804

m/z 207.1380
35.2 min

803

m/z 289.1325
35.2 min

802

m/z 291.1562
34.9 min

797

m/z 291.1564
34.9 min

796

m/z 291.1564
34.8 min

795

m/z 291.1564
34.8 min

794

m/z 179.0228
3.4 min

59

m/z 179.0229
3.4 min

60

m/z 179.0229
3.5 min

61

m/z 179.0228
3.5 min

62

m/z 179.0230
3.6 min

63

m/z 179.0231
3.7 min

64

m/z 179.0228
3.7 min

65

m/z 179.0228
3.7 min

66

m/z 179.0227
3.8 min

67

m/z 179.0233
3.8 min

68

m/z 179.0234
3.8 min

69

m/z 179.0229
4.0 min

70

m/z 179.0228
4.0 min

71

m/z 179.0228
4.0 min

72

m/z 179.0226
4.1 min

73

m/z 179.0224
4.1 min

74

m/z 179.0226
4.3 min

75

m/z 179.0229
4.4 min

76

m/z 179.0229
4.4 min

77

m/z 179.0228
4.4 min

78

m/z 179.0229
4.5 min

79

m/z 179.0227
4.5 min

80

m/z 179.0228
4.5 min

81

m/z 113.0349
8.7 min

185

m/z 162.1124
8.8 min

186

m/z 162.1128
8.8 min

187

m/z 162.1128
8.8 min

188

m/z 162.1128
8.9 min

189

m/z 162.1128
8.9 min

190

m/z 162.1125
9.0 min

191

m/z 162.1123
9.0 min

192

m/z 162.1123
9.0 min

193

m/z 162.1128
9.1 min

194

m/z 162.1126
9.1 min

195

m/z 162.1126
9.2 min

196

m/z 314.0907
9.3 min

197

m/z 268.1039
9.9 min

210

m/z 179.0231
10.3 min

220

m/z 179.0231
10.3 min

221

m/z 179.0232
10.5 min

222

m/z 179.0232
10.5 min

223

m/z 179.0232
10.6 min

224

m/z 144.0655
10.6 min

225

m/z 144.0654
10.7 min

226

m/z 144.0654
10.7 min

227

m/z 152.0565
10.8 min

228

m/z 152.0565
10.8 min

229

m/z 137.0459
10.9 min

230

m/z 137.0459
10.9 min

231

m/z 179.0231
10.9 min

232

m/z 137.0459
10.9 min

233

m/z 137.0459
11.0 min

234

m/z 179.0229
11.0 min

235

m/z 179.0232
11.1 min

236

m/z 179.0229
11.1 min

237

m/z 179.0229
11.1 min

238

m/z 179.0234
11.2 min

239

m/z 179.0231
11.3 min

240

m/z 179.0233
11.3 min

241

m/z 179.0230
11.4 min

242

m/z 179.0235
11.4 min

243

m/z 179.0228
11.4 min

244

m/z 179.0230
11.5 min

245

m/z 349.1972
43.3 min

999

m/z 347.1454
43.3 min

1000

m/z 347.1457
43.4 min

1001

m/z 349.1969
43.4 min

1002

m/z 552.2907
43.6 min

1006

m/z 552.2906
43.6 min

1007

m/z 552.2908
43.6 min

1008

m/z 367.2079
40.8 min

935

m/z 367.2076
40.7 min

934

m/z 391.1707
44.1 min

1019

m/z 391.1707
44.1 min

1020

m/z 335.2186
44.2 min

1021

m/z 367.2072
40.7 min

933

m/z 367.2074
40.6 min

932

m/z 367.2076
40.6 min

931

m/z 546.3607
40.6 min

930

m/z 546.3614
40.5 min

929

m/z 546.3608
40.5 min

928

m/z 546.3616
40.5 min

927

m/z 391.1713
40.1 min

919

m/z 420.2941
40.0 min

918

m/z 391.1715
40.0 min

917

m/z 420.2948
39.5 min

906

m/z 335.2191
44.2 min

1022

m/z 335.2191
44.2 min

1023

m/z 546.3593
39.4 min
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m/z 434.2731
39.3 min
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m/z 399.2339
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m/z 399.2341
38.7 min
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m/z 367.2078
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38.2 min
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m/z 367.2073
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m/z 251.1613
38.2 min
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m/z 251.1614
38.1 min
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m/z 329.1715
37.8 min

867

m/z 236.1490
37.8 min

866

m/z 263.1248
37.7 min

865

m/z 263.1249
37.7 min

864

m/z 263.1249
37.6 min

863

m/z 277.0150
37.6 min

862

m/z 263.1253
37.6 min

861

m/z 263.1252
37.5 min

860

m/z 263.1250
37.5 min

859

m/z 263.1249
37.4 min

858

m/z 263.1248
37.4 min

857

m/z 263.1249
37.4 min

856

m/z 263.1246
37.3 min

855

m/z 195.0990
37.3 min

854

m/z 195.0993
37.3 min

853

m/z 367.2078
36.8 min

843

m/z 367.2084
36.7 min

842

m/z 249.1467
36.2 min

830

m/z 249.1467
36.2 min

829

m/z 146.0602
36.2 min

828

m/z 146.0602
36.1 min

827

m/z 146.0602
36.1 min

826

m/z 146.0602
36.1 min

825

m/z 305.1353
32.6 min

747

m/z 297.1298
32.2 min

737

m/z 390.2471
32.2 min

736

m/z 390.2471
32.1 min

735

m/z 390.2471
32.1 min

734

m/z 207.1376
27.7 min

624

m/z 207.1376
27.7 min

623

m/z 181.1225
27.6 min

622

m/z 181.1224
27.6 min

621

m/z 390.2471
32.1 min

733

m/z 223.1326
32.4 min

742

m/z 390.2471
32.1 min

732

m/z 390.2476
32.0 min

731

m/z 390.2476
32.0 min

730

m/z 390.2473
31.9 min

729

m/z 307.1515
27.2 min

614

m/z 307.1513
27.2 min

613

m/z 390.2473
31.9 min

728

m/z 390.2473
31.9 min

727

m/z 267.1560
31.9 min

726

m/z 197.1170
35.1 min

800

m/z 197.1168
35.1 min

801

m/z 223.1326
32.4 min

741

m/z 307.1508
26.9 min

606

m/z 307.1506
26.9 min

605

m/z 307.1505
26.8 min

604

m/z 307.1513
26.7 min

603

m/z 307.1513
26.7 min

602

m/z 307.1513
26.7 min

601

m/z 307.1510
26.6 min

600

m/z 267.1565
26.6 min

599

m/z 267.1570
26.5 min

598

m/z 267.1570
26.5 min

597

m/z 267.1570
26.5 min

596

m/z 307.1520
26.4 min

595

m/z 307.1516
26.4 min

594

m/z 307.1513
26.3 min

593

m/z 307.1511
26.3 min

592

m/z 307.1510
26.2 min

591

m/z 320.2060
26.1 min

590

m/z 307.1510
26.1 min

589

m/z 525.2857
26.0 min

588

m/z 525.2856
26.0 min

587

m/z 307.1507
26.0 min

586

m/z 307.1505
25.9 min

585

m/z 307.1507
25.8 min

584

m/z 307.1503
25.8 min

583

m/z 307.1503
25.8 min

582

m/z 307.1507
25.7 min

581

m/z 267.1564
25.7 min

580

m/z 267.1564
25.6 min

579

m/z 267.1565
25.6 min
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m/z 223.1325
32.4 min
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m/z 181.1227
31.2 min
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m/z 197.1170
34.6 min

790

m/z 291.1562
35.0 min

798

m/z 197.1171
35.0 min

799

m/z 197.1166
31.1 min

706

m/z 392.2276
25.3 min

571

m/z 392.2276
25.3 min

570

m/z 392.2265
25.2 min

569

m/z 392.2273
25.2 min

568

m/z 392.2266
25.2 min

567

m/z 179.0230
25.1 min

566

m/z 267.1561
25.1 min

565

m/z 267.1558
25.0 min

564

m/z 267.1558
25.0 min

563

m/z 267.1557
25.0 min

562

m/z 267.1555
24.9 min

561

m/z 481.2600
24.9 min

560

m/z 267.1557
24.9 min

559

m/z 481.2599
24.8 min

558

m/z 481.2599
24.8 min

557

m/z 179.0230
24.7 min

556

m/z 481.2598
24.7 min

555

m/z 179.0231
24.7 min

554

m/z 179.0228
24.6 min

553

m/z 179.0225
24.6 min

552

m/z 179.0225
24.6 min

551

m/z 179.0225
24.5 min

550

m/z 179.0226
24.5 min

549

m/z 179.0226
24.5 min

548

m/z 179.0225
24.4 min

547

m/z 255.1197
24.3 min

546

m/z 255.1192
24.2 min

545

m/z 255.1189
24.2 min

544

m/z 179.0227
24.2 min

543

m/z 255.1187
24.2 min

542

m/z 225.1096
24.2 min

541

m/z 225.1090
24.1 min

540

m/z 225.1095
24.0 min

539

m/z 225.1093
24.0 min

538

m/z 406.2435
29.9 min

678

m/z 406.2433
29.8 min

677

m/z 105.0390
29.8 min

676

m/z 105.0389
29.8 min

675

m/z 225.1096
23.7 min

533

m/z 225.1096
23.7 min

532

m/z 225.1094
23.7 min

531

m/z 149.0237
23.6 min

530

m/z 149.0235
23.6 min

529

m/z 377.1446
23.5 min

528

m/z 105.0389
29.7 min

674

m/z 105.0388
29.7 min

673

m/z 207.0981
29.7 min

672

m/z 217.1042
13.3 min

291

m/z 263.0800
35.9 min

823

m/z 263.0800
35.9 min

824

m/z 1585.8734
29.6 min

671

m/z 223.0937
29.6 min

670

m/z 377.1448
23.0 min

515

m/z 376.2317
22.9 min

514

m/z 376.2317
22.9 min

513

m/z 376.2312
22.8 min

512

m/z 376.2312
22.8 min

511

m/z 376.2316
22.8 min

510

m/z 223.0935
29.6 min

669

m/z 223.0934
29.6 min

668

m/z 223.0938
29.5 min

667

m/z 223.0941
29.5 min

666

m/z 223.0940
29.4 min

665

m/z 197.1166
31.0 min

705

m/z 223.1325
32.3 min

739

m/z 251.1249
22.5 min

502

m/z 251.1249
22.5 min

501

m/z 251.1250
22.4 min

500

m/z 251.1250
22.3 min

499

m/z 251.1250
22.3 min

498

m/z 241.1038
22.3 min

497

m/z 241.1041
22.2 min

496

m/z 241.1041
22.2 min

495

m/z 241.1041
22.1 min

494

m/z 257.0985
22.1 min

493

m/z 297.1298
32.2 min

738

m/z 257.0986
22.0 min

491

m/z 223.1322
32.4 min

743

m/z 223.1321
32.5 min

744

m/z 223.0940
29.2 min

659

m/z 223.0941
29.2 min

658

m/z 223.0942
29.1 min

657

m/z 179.0230
29.0 min

656

m/z 251.1246
21.7 min

484

m/z 267.1560
28.9 min

655

m/z 267.1560
28.9 min

654

m/z 267.1558
28.9 min

653

m/z 267.1559
28.9 min

652

m/z 179.0229
3.3 min

58

m/z 251.1249
21.5 min

479

m/z 251.1249
21.4 min

478

m/z 251.1248
21.4 min

477

m/z 223.0939
21.4 min

476

m/z 223.0943
21.4 min

475

m/z 223.0939
21.3 min

474

m/z 223.0939
21.2 min

473

m/z 223.0940
21.2 min

472

m/z 223.0938
21.1 min

471

m/z 223.0938
21.1 min

470

m/z 378.2111
21.0 min

469

m/z 378.2114
21.0 min

468

m/z 378.2110
20.9 min

467

m/z 378.2110
20.9 min

466

m/z 267.1559
28.8 min

651

m/z 406.2432
28.8 min

650

m/z 406.2433
28.7 min

649

m/z 406.2433
28.7 min

648

m/z 406.2433
28.7 min

647

m/z 378.2107
20.7 min

460

m/z 258.0276
20.6 min

459

m/z 378.2112
20.6 min

458

m/z 258.0278
20.5 min

457

m/z 378.2112
20.5 min

456

m/z 179.0230
20.5 min

455

m/z 179.0230
20.4 min

454

m/z 179.0226
20.4 min

453

m/z 179.0226
20.4 min

452

m/z 349.1824
20.3 min

451

m/z 349.1824
20.3 min

450

m/z 349.1827
20.3 min

449

m/z 349.1828
20.2 min

448

m/z 349.1828
20.2 min

447

m/z 406.2424
28.6 min

646

m/z 406.2424
28.6 min

645

m/z 406.2420
28.5 min

644

m/z 349.1826
20.0 min

443

m/z 349.1826
20.0 min

442

m/z 349.1819
19.9 min

441

m/z 349.1824
19.9 min

440

m/z 179.0229
19.8 min

439

m/z 179.0237
19.8 min

438

m/z 179.0230
19.7 min

437

m/z 179.0233
19.7 min

436

m/z 179.0229
19.7 min

435

m/z 179.0230
19.7 min

434

m/z 179.0231
19.6 min

433

m/z 179.0230
19.6 min

432

m/z 179.0227
19.4 min

431

m/z 179.0229
19.4 min

430

m/z 179.0222
19.4 min

429

m/z 179.0229
19.3 min

428

m/z 179.0231
19.3 min

427

m/z 179.0231
19.3 min

426

m/z 403.1560
19.1 min

425

m/z 403.1560
19.1 min

424

m/z 403.1557
19.1 min

423

m/z 403.1560
19.0 min

422

m/z 403.1564
19.0 min

421

m/z 403.1559
18.9 min

420

m/z 179.0231
18.9 min

419

m/z 179.0231
18.9 min

418

m/z 153.0670
18.8 min

417

m/z 153.0672
18.7 min

416

m/z 153.0672
18.7 min

415

m/z 153.0673
18.6 min

414

m/z 153.0675
18.6 min

413

m/z 153.0674
18.6 min

412

m/z 153.0676
18.5 min

411

m/z 179.0230
18.4 min

410

m/z 179.0230
18.4 min

409

m/z 179.0229
18.4 min

408

m/z 305.1565
18.3 min

407

m/z 305.1565
18.3 min

406

m/z 305.1567
18.2 min

405

m/z 305.1567
18.2 min

404

m/z 305.1568
18.2 min

403

m/z 406.2426
28.5 min

643

m/z 305.1565
18.1 min

401

m/z 305.1565
18.0 min

400

m/z 305.1563
18.0 min

399

m/z 305.1562
17.9 min

398

m/z 305.1559
17.9 min

397

m/z 179.0227
17.8 min

396

m/z 237.1095
17.7 min

395

m/z 179.0232
17.7 min

394

m/z 179.0232
17.6 min

393

m/z 237.1092
17.6 min

392

m/z 179.0234
17.6 min

391

m/z 179.0235
17.5 min

390

m/z 179.0237
17.5 min

389

m/z 179.0227
17.4 min

388

m/z 179.0227
17.4 min

387

m/z 179.0228
17.4 min

386

m/z 179.0232
17.4 min

385

m/z 179.0233
17.3 min

384

m/z 179.0233
17.2 min

383

m/z 179.0229
17.2 min

382

m/z 209.1397
17.2 min

381

m/z 209.1398
17.1 min

380

m/z 209.1398
17.1 min
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m/z 209.1396
17.0 min

378

m/z 364.1962
17.0 min

377

m/z 364.1962
17.0 min
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m/z 179.0233
28.5 min

642

m/z 179.0233
28.5 min

641

m/z 207.0979
28.4 min

640

m/z 179.0232
28.4 min

639

m/z 179.0230
28.3 min

638

m/z 257.0985
22.0 min
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m/z 207.0977
28.2 min
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m/z 364.1959
16.5 min

368

m/z 364.1958
16.4 min

367

m/z 364.1960
16.4 min

366

m/z 364.1957
16.4 min

365

m/z 281.1360
16.4 min

364

m/z 281.1354
16.3 min

363

m/z 281.1355
16.2 min

362

m/z 348.2013
16.2 min

361

m/z 348.2018
16.1 min

360

m/z 348.2009
16.1 min

359

m/z 348.2009
16.1 min

358

m/z 261.1307
16.0 min

357

m/z 261.1304
16.0 min

356

m/z 261.1306
16.0 min

355

m/z 261.1307
15.9 min
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m/z 207.0980
28.2 min

636

m/z 207.0980
28.2 min

635

m/z 261.1305
15.8 min

351

m/z 261.1307
15.8 min
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m/z 261.1304
15.7 min
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m/z 261.1302
15.6 min
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m/z 261.1304
15.6 min
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15.6 min
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15.5 min
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15.5 min
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15.4 min
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15.4 min

342
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15.3 min
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15.2 min
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15.2 min
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15.2 min
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15.2 min
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15.1 min

336
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15.1 min
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15.0 min
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m/z 179.0230
15.0 min

333

m/z 179.0231
15.0 min
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m/z 179.0231
14.9 min

331

m/z 179.0229
14.9 min

330

m/z 179.0228
14.8 min

329

m/z 179.0230
14.8 min

328

m/z 179.0229
14.8 min

327

m/z 179.0233
14.7 min

326

m/z 179.0226
14.6 min

325

m/z 179.0236
14.6 min

324

m/z 179.0230
14.6 min

323

m/z 179.0231
14.6 min

322

m/z 179.0227
14.5 min

321

m/z 179.0227
14.5 min

320

m/z 179.0227
14.3 min
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14.2 min
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m/z 179.0227
14.2 min
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14.2 min
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14.2 min

315
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14.2 min

314
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14.1 min
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m/z 179.0225
14.0 min

312
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14.0 min

311
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14.0 min
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m/z 179.0231
14.0 min
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13.9 min
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m/z 179.0230
13.9 min
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m/z 179.0230
13.9 min
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m/z 220.1178
13.8 min
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m/z 350.1798
13.8 min

304

m/z 220.1178
13.8 min

303

m/z 350.1809
13.7 min
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m/z 350.1790
13.7 min

301

m/z 207.1374
28.1 min

634

m/z 207.1376
28.1 min

633

m/z 207.1376
28.0 min

632

m/z 285.1302
32.6 min

745

m/z 305.1354
32.6 min

746

m/z 217.1044
13.4 min
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m/z 217.1044
13.4 min

294
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13.3 min
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13.3 min
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13.2 min
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13.2 min
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m/z 179.0229
13.1 min
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13.0 min
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13.0 min
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13.0 min
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13.0 min
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m/z 179.0225
12.9 min
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12.9 min
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12.9 min
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m/z 179.0229
12.8 min
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12.8 min
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12.7 min
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12.7 min
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m/z 179.0228
12.7 min
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12.7 min
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12.2 min
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12.2 min
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12.2 min
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250

m/z 179.0231
11.6 min

249

m/z 179.0229
11.6 min

248

m/z 179.0229
11.6 min

247

m/z 179.0228
11.5 min

246

m/z 496.3624
85.1 min

1973

m/z 338.3414
70.4 min

1648

m/z 162.1140
5.9 min

115
m/z 338.3412

69.2 min
1621

m/z 496.3623
82.8 min

1921

m/z 197.1181
33.8 min
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C V Ethanol 20201020_BA2_01_3649.d: BPC +All MS
Fig. 1 HPLC–ESI–MS chromatogram of C. verticillata at positive mode
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will inactivate the anti-proteinases by which the bal-
ance gets disturbed resulting in uncontrolled damage 
of proteins causing increased tissue injury. Therefore, a 
natural remedy is required to have both anti-inflamma-
tory and antioxidant property that can lessen the ROS-
induced stress and regulate the immune function. Hence, 
C.verticillata could be the right choice to prevent the 
rupture of the HRBC membrane, by which the erythro-
cyte membrane gets stabilized. By stabilizing the lysoso-
mal membrane, the inflammatory process gets regulated 
and prevents the release of inflammatory mediators. Our 
current results of C.verticillata have provided the evi-
dence for the aforementioned activities.

Currently, many effective medications made from 
natural sources are discovered utilizing computer-aided 
drug design approaches because of the ongoing advance-
ments in computer science. Nowadays, computer-aided 
drug design is employed to anticipate ADMET features 
of bioactive compounds, resulting in early stage drug 

development [23]. The motivation for this in silico tech-
niques is due to the reduced cost and time factor required 
when compared to traditional ADMET profiling. With 
respect to drug development, it is important to con-
sider the concept of inhibition constant (Ki) that helps 
to prioritize the bioactive compounds as efficient inhibi-
tors for therapeutic purpose. The inhibition constant of 
the compounds is listed in Table 5 which is expected to 
lie between the ranges of 0.1–1.0 µM [13]. The molecu-
lar docking results clearly implies that there is a strong 
relationship with respect to the docking score (ΔG) and 
the inhibition constant (Ki). The inhibition constant was 
calculated according to the formula as mentioned in 
the methodology section (Eq.  (1). The results revealed 
that the compounds that showed maximum binding 
energy (ΔG) (DPP IV: Pyro pheophorbide a (− 9.4  kcal/
mol) possess a lower inhibition constant (Ki = 1.31 µM). 
From this, it is evident that higher binding energy and 
lower inhibition constant indicate a stronger and a stable 

Fig. 2 Radar charts of the bioactive compounds for drug likeliness calculated by Swiss ADME software
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ligand–protein interaction [24] since it provides a deeper 
insight about the compound to regulate the particular 
biological pathways. Also, these bioactive compounds 
were subjected to SWISS ADME software to evaluate the 
drug likeliness and the physicochemical properties of the 
compounds, toxicity prediction and in silico molecular 
docking. These preclinical compounds have the ability to 
get absorbed to the surface of the receptor that is again 
circulated into the target site. Further, these compounds 
will be metabolized by the liver and excreted out of the 
system to avoid toxicity [25]. In the present study, almost 
all the bioactive compounds have followed the pharma-
cochemical and physicochemical parameters (molecular 
weight: less than 500D), Log S which refers the solubility. 
The result showed that all the compounds except Loliol-
ide were inactive for immunotoxicity and carcinogenic-
ity, whereas Loliolide showed positive to carcinogenicity. 
Additionally, the  LD50 value of Loliolide was 34  mg/kg; 
hence, it comes under class 2 of toxicity, which is fatal if 
swallowed.

Considering the Ramachandran plot analysis, the 
widespread of ψ (psi) and φ (phi) angles clearly speci-
fies the flexibility and potential ability of the protein to 
undergo conformational changes on binding of the ligand 
molecule [14]. These observations helped in account-
ing for the protein dynamics in molecular docking stud-
ies (Fig. 3). Except Loliolide, docking was performed for 
all the other three compounds with the diabetic pro-
tein markers like DPP IV (PDB: IJ2E) and SGLT2 (PDB: 
7VSI). Docking scores were assessed between the ligands 
and the proteins. The results revealed that Pyro pheo-
phorbide a has a strong binding affinity with DPP IV 
(− 9.4  kcal/mol), followed by Dihydromonacolin L acid 
(− 7.7 kcal/mol) and 2-Palmitoylglycerol (− 5.3 kcal/mol). 
Earlier reports suggest that DPP IV was considered as a 
target to treat type 2 diabetes by inactivating glucagon 
inhibitory peptide and GLP-1 (glucagon-like peptide) 
[26]. Additionally, DPP IV inhibition was suggested to 
show a beneficial effect on postprandial glucose levels 
[27]. Moreover, it is proved that Pyro pheophorbide has 
the ability to inhibit alpha amylase and lipase by which 
it decreases the absorption of triglycerides present in the 

intestine that prevents from hyperlipidemia and obesity 
[28]. It has been evidenced that administration of Pyro 
pheophorbide a has significantly reduced the blood glu-
cose level in normal and diabetic mice by inhibiting alpha 
amylase and alpha glucosidase enzymes [29]. Similarly, 
2-Palmitoylglycerol has the ability to activate GPR119 
which is predominantly expressed in pancreatic-β cells, 
where its activation leads to induce the secretion of insu-
lin and GLP-1 [30].

Since studies had shown that the incretin hormones, 
glucose-dependent insulin tropic polypeptide (GIP) 
and glucagon-like peptide-1 are important regulators 
of postprandial insulin production; inhibition of DPP4 
might be a great choice of interest to treat type 2 dia-
betes. It is also proved that 2-Palmitoylglycerol has the 
potential of reducing the inflammation and additionally 
minimizes the level of fatty acid oxidation [31]. Hence, 
strong interaction of the ligands (2-Palmitoylglycerol, 
Pyro pheophorbide a and Dihydromonacolin L acid) 
with the active site of DPP IV protein proves that these 
compounds could be a great choice for the management 
of type 2 diabetes (Fig.  2a, c and e).  SGTL2 (sodium–
glucose co-transporters) plays a very important role in 

Table 4 Toxicity prediction of C.verticillata.  LD50- lethal dose, TPSA- topological polar surface area

Name of the compound Predicted  LD50 
(mg/kg)

Predicted 
toxicity
class

Carcinogenicity Immuno
toxicity

TPSA Octanol/water 
partition (log P)

2‑Palmitoylglycerol 5000 5 Inactive Inactive 66.76 4.36

Loliolide 34 2 Active Inactive 46.53 1.41

Dihydromonacolin L acid 11,800 2 Inactive Inactive 77.76 3.23

Pyro pheophorbide a 1300 4 Inactive Inactive 106.64 5.34

Fig. 3 The Ramachandran plot of DPPIV (PDB ID: 1JJ2E) retrieved 
from MolProbity web
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Fig. 4 a–f 3D interactions of the ligands (2-Palmitoylglycerol, Pyro pheophorbide a and Dihydromonacolin L acid) and proteins (DPP IV and SGTL2). 
g, h Acarbose with DPP IV and SGTL2)
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Fig. 4 continued
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Fig. 4 continued
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the reabsorption of glucose in the kidney. Inhibition of 
 SGTL2 increases the excretion of glucose in the urine by 
decreasing the glucose level in the plasma [32]. Existing 
literature suggests that the primary method by which 
SGLT2 reduces inflammation and oxidative stress was 
its capacity to minimize the negative impact of an over-
abundance of nutrients on cells and tissues, especially 
on the adipose tissues. When adipose tissue is exposed 
to an overabundance of nutrients, it produces more pro-
inflammatory hormones and cytokines) TNF, IL-1, IL-6 
and leptins) [33].

In our present study, Dihydromonacolin L acid was 
shown to dock a maximum score of -9.2  kcal/mol with 
SGTL2 followed by Pyro pheophorbide a (− 8.7 kcal/mol) 
and 2-Palmitoylglycerol (− 6.6  kcal/mol), which directly 

implies that the compound has the ability to reduce 
the glucose level and lessen the effects of inflammation 
induced oxidative stress as well (Fig. 2b, d and f ). Previ-
ously, it was reported that the Dihydromonacolin L acid 
was proved to be a potential inhibitor in the biosynthesis 
pathway of cholesterol [34]. Hence, it protects from LDL 
oxidation by inhibiting HMG-CoA reductase [35]. Pheo-
phorbide is a by-product of chlorophyll which is known 
for its anti-inflammatory and anticancer property, where 
it inhibits the high concentration of nitric oxide (NO) to 
suppress the induction of iNOS (nitric oxide synthase) 
[36]. Hence, these bioactive compounds were expected to 
be a possible choice for the treatment and management 
of type 2 diabetes.

Fig. 4 continued

Table 5 In silico molecular docking score of the bioactive compounds of C.verticillata 

Name of the bioactive compound Diabetic Protein targets Docking score (kcal/mol) Inhibition Constant
Ki (µM)

2-Palmitoylglycerol 1J2E − 5.3 0.000134

Dihydromonacolin L acid − 7.7 0.0000021

Pyro pheophorbide a − 9.4 1.318256

2-Palmitoylglycerol 7VSI − 6.6 0.0000147

Dihydromonacolin L acid − 9.2 1.862087

Pyro pheophorbide a − 8.7 4.365158
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Conclusion
The ultimate aim of the drug discovery research is to 
find effective medications through clinical and preclini-
cal studies. In this context, the integration of docking and 
ADMET studies has provided a deeper insight into the 
understanding about the ligand–protein interaction and 
pharmacokinetics of the tested compounds. The results 
of the present study conclude that C.verticillata has the 
potential to inhibit the upregulation of blood glucose 
level. Moreover, the extract has the ability to reduce oxi-
dative stress induced inflammation as well. The bioactive 
compound extracted (2-Palmitoylglycerol, Dihydromo-
nacolin L acid, Loliolide and Pyro pheophorbide a) from 
C.verticillata could be considered as one of the promising 
agents for treating T2D. Even though a number of bioas-
say experiments were performed for compound’s to eval-
uate its ADMET profile, they are quite time-consuming 
and costly. This emphasizes on the importance of in silico 
predictions for its ADMET properties. Ideally, ADME, 
toxicity prediction and in silico analysis have revealed 
that the aforementioned bioactive compounds have a 
greater affinity to DPP4 and SGTL2. The outcome of the 
analysis suggests that the docked bioactive compounds 
were found to be non-hazardous and the computed drug 
analysis needs further validation to find its effectiveness 
in treating oxidative stress and inflammation in diabetic 
condition. To ensure the inhibitors of DPP4 and SGTL2 
from marine algal source, the analyses necessitate fur-
ther validation through in vivo experiments. We believe 
that expanding this research by integrating proper in vivo 
experiments along with ADMET and in silico analysis 
gave a deeper insight about the bioactive compounds 
from marine seaweeds as a potential therapeutic candi-
date in the treatment of oxidative stress induced diabetes. 
Hence, this holistic approach will eventually pave the way 
for the advancement in drug discovery to produce more 
safer and effective therapeutic agents.
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