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[bookmark: _Hlk97230914]Figure S1. Principal component analysis of meningiomas and gliomas based on tentative lipid with VIP-score above 1.0




	[bookmark: _Hlk96871111]

	 

	(A)
	(B)


[bookmark: _Hlk97230935]Figure S2. Standard addition curve of carnitine; (A) raw data; (B)- data normalized on internal standard (IS) area. Bars represent the standard deviation of peak areas and carnitine:  IS peak area ratios. 

	


[bookmark: _Hlk97230961]Figure S3. Calibration curve for carnitine(trimethyl-d9) in brain tumor homogenate. Bars represent the standard deviation of peak areas
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[bookmark: _Hlk97230996]Figure S4. Standard addition curve of phenylalanine; (A) raw data; (B)- data normalized on internal standard (IS) area. Bars represent the standard deviation of peak areas and phenylalanine: IS peak area ratios. 
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[bookmark: _Hlk97231038][bookmark: _Hlk97231099][bookmark: _GoBack]Figure S5. Plots presenting optimization of desorption solvent for untargeted lipidomic analysis. Four analytical standards were used to optimize the desorption solvent: PG (17:0-20:4), PC (C16-18:1), LPE (17:1), Sphingosine (d17:1). Acetonitrile:methanol (1:1), acetonitrile: methanol (1:3), isopropanol: methanol (1:1) and isopropanol: methanol (1:3) solutions all contained 10 mM ammonium acetate and 1 mM acetic acid was tested as a desorption solution. The red arrows indicate desorption solvent selected to further experiments. It should be noted that both IPA: MeOH,1:3,v/v with 10 mM ammonium acetate and 1 mM acetic acid and IPA: MeOH,1:1,v/v with 10 mM ammonium acetate and 1 mM acetic acid were characterized by similar peak areas however relative standard deviation was higher for the second mixture (Table S3). 
Plot for selection of optimal desorption solvent was constructed on the best peak areas obtained using given voltage. Exemplary plots showing selection of the voltage were given in the Figure S6. 
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[bookmark: _Hlk97231116][bookmark: _Hlk97231066]
Figure S6. Exemplary plots showing optimization of voltage for untargeted lipidomic analysis with use of IPA:MeOH,1:3,v/v with 10 mM ammonium acetate and 1 mM acetic acid. Four analytical standards were used to optimize the desorption solvent: PG (17:0-20:4), PC (C16-18:1), LPE (17:1), Sphingosine (d17:1). The red arrows indicate voltage selected to further experiments.
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[bookmark: _Hlk97231155]Figure S7. Plots presenting optimization of desorption solvent for targeted analysis. Four analytical standards were used to optimize the desorption solvent: Phenylalanine, Phenylalanine(d8), L-Carnitine inner salt, L-Carnitine(trimethyl-d9). Methanol:water (95:5) + 0,1% Formic acid, acetonitrile:methanol (1:1) + 0,1% formic acid, acetonitrile:methanol (1:1), acetonitrile:water (95:5) + 0,1% formic acid and acetonitrile:water (95:5) was tested as a desorption solution. The red arrows indicate desorption solvent selected to further experiments. Plot for selection of optimal desorption solvent was constructed on the best peak areas obtained using given voltage. Exemplary plots showing selection of the voltage were given in the Figure S8. 
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[bookmark: _Hlk97231175]Figure S8. Exemplary plots showing optimization of voltage for targeted analysis with use of ACN:H2O,95:5,v/v. Four analytical standards Phenylalanine, Phenylalanine(d8), L-Carnitine inner salt, L-Carnitine(trimethyl-d9) were used to optimize the desorption solvent: The red arrows indicate voltage selected to further experiments.







carnitine
carnitine(trimethyl-d9)

Figure S9. Comparison of the peak areas of the mixture of carnitine and its deuterated form in the concentration 10 ppm. The methodology of this analysis was presented in Bogusiewicz et al. (Bogusiewicz et al. 2020)* under metabolomics analysis on PFP column.
* Bogusiewicz, J.; Goryńska, P.Z.; Gaca, M.; Chmara, K.; Goryński, K.; Jaroch, K.; Paczkowski, D.; Furtak, J.; Harat, M.; Bojko, B. On-Site Sampling and Extraction of Brain Tumors for Metabolomics and Lipidomics Analysis. J. Vis. Exp. 2020, 2020, 159, doi:10.3791/61260.

[bookmark: _Hlk97231192]
Table S1. Standard addition curve details for carnitine
	Sample [x] + carnitine
	Raw data
	Normalized data

	
	area
	RSD
	ratio
	RSD1

	x+50 ug/ml
	300725268
	62%
	5.88
	3%

	x+30 ug/ml
	428917804
	46%
	5.38
	1%

	x+10 ug/ml
	106366685
	59%
	2.50
	4%

	X
	23917467
	39%
	0.61
	10%


1 relative standard deviation

[bookmark: _Hlk97231207]Table S2. Standard addition curve details for phenylalanine
	  sample [x] + phenylalanine
	Raw data
	Normalized data

	
	area
	RSD
	ratio: standard/Deuter
	RSD1

	x+25 ug/ml
	21928862
	60%
	4.14
	13%

	x+20 ug/ml
	49460652
	93%
	3.12
	11%

	x+15 ug/ml
	14558740
	55%
	2.54
	6%

	x+10 ug/ml
	19881108
	41%
	1.75
	5%

	x+5   ug/ml
	7364715
	44%
	1.00
	11%

	X
	3023055
	43%
	0.24
	13%


1 relative standard deviation

Table S3. Peak areas and RSD for lipids used in the selection of desorption solvent for untargeted analysis.
	  sample [x] + phenylalanine
	IPA:MeOH,1:3,v/v with 10 mM ammonium acetate and 1 mM acetic acid 
	IPA:MeOH,1:1,v/v with 10 mM ammonium acetate and 1 mM acetic acid  

	
	Average area
	RSD
	Average area
	RSD1

	PC C16-18:1
	811259
	23%
	766728
	51%

	LPE 17:1
	939323
	9%
	1000845
	38%

	PG 17:0-20:4
	474606
	28%
	493471
	53%

	Sphingosine (d17:1)
	2008763
	23%
	7106255
	110%


1 relative standard deviation



158509612.92391011	68555501.338163719	52980872.139495254	11046527.688863609	158509612.92391011	68555501.338163719	52980872.139495254	11046527.688863609	50	40	30	20	10	0	300725268	180757846.40000001	106366684.8	23917467	concentration


peak area




y = 0,1065x + 1,1963
R² = 0,90

0.14639669571783046	7.4444096494069467E-2	9.0610692491778624E-2	5.9485339414605126E-2	0.14639669571783046	7.4444096494069467E-2	9.0610692491778624E-2	5.9485339414605126E-2	50	40	30	20	10	0	5.8784790398772433	5.378625746702193	2.4989109769357989	0.61046519795356724	concentration


carnitine: IS peak area  ratio




47339873.110067546	92222703.53508383	35531954.783604518	19579538.688412178	0	47339873.110067546	92222703.53508383	35531954.783604518	19579538.688412178	0	50	40	20	10	0	178295425	129530745.59999999	95391536.799999997	67242054.25	0	concentration [µg/ml]


peak area





13209000.069456648	46155026.828788988	8007029.6884191819	8175614.3505662829	3212662.0497712959	1289932.5701959517	13209000.069456648	46155026.828788988	8007029.6884191819	8175614.3505662829	3212662.0497712959	1289932.5701959517	25	20	15	10	5	0	21928862.199999999	49460652.399999999	14558740.199999999	19881108	7364715.2000000002	15683469	concentration [µg/ml]


peak area





0.52034923664264132	0.33001572580897115	0.14935739427912023	8.112210604718878E-2	0.11150706124427756	3.1932194158007306E-2	0.52034923664264132	0.33001572580897115	0.14935739427912023	8.112210604718878E-2	0.11150706124427756	3.1932194158007306E-2	25	20	15	10	5	0	4.1358208973817616	3.1217371063913855	2.5423517342824016	1.749143215724805	0.99602361620015112	0.24385116393999828	concentration [µg/ml]


phenylalanine:IS peak area ratio
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Desorption solvent selection



Application of Coated Blade Spray Mass Spectrometry in Lipidomic Analysis  
  



Joanna Bogusiewicz1, Dominik Olszówka1, Karol Jaroch1, Paulina Zofia Gorynska1, Krzysztof Gorynski1, Marcin Birski2, Jacek Furtak2, Dariusz Paczkowski2, Marek Harat2,3, Barbara Bojko1 
 



Brain tumors are cancers with one of the highest mortality factors. Fast diagnosis 
and selection of appropriate treatment could improve life expectancy and life 
quality of patients. Therefore, new diagnostic methods are sought.  
Coated Blade Spray coupled with Mass Spectrometry (CBS-MS) is the 
technology merging on-site sampling and sample preparation with rapid 
detection. Specially designed sword-shaped probe with immobilized sorptive 
particles is used for extraction of analytes from biological matrix. Subsequently, it 
is placed in the interface mounted on MS source. Then, the drop of desorption 
solvent is put on the blade surface to release analytes from the sorbent. 
Application of high voltage to the probe enables ionization and analysis of 
extracted substances in MS. The whole procedure is fast and simple. 



 
The goal of this study was to assess the applicability of CBS-MS for the 
analysis of lipids in brain tumors. 



• Preparation of 
CBS blades • Sampling (15 minutes) 



• Addition of 15μL of 
desorption solvent on the 
CBS blades surface 



• Application of voltage: 
4.9kV 



• Analysis time: 1.5min 
(60sec. of desorption + 30 
sec. ionization) 



• Data analysis 
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Voltage optimization 



LIPID MASS  MENINGIOMA GLIOMA  
AVERAGE CV AVERAGE CV 



 DG(22:4) 438.2974 6,42E+06 8% 5,86E+06 122% 
 PC(14:0) 482.3238 3,69E+06 87% 2,06E+06 132% 
 TG(26:7) 502.2917 2,40E+07 36% 1,83E+07 100% 
 PC(32:0) 734.5692 2,32E+08 79% 2,16E+08 52% 
 SM(d38:4) 753.5875 3,58E+06 71% 2,92E+06 83% 
 PC(34:1) 760.5847 9,13E+08 72% 1,29E+09 69% 
 PC(36:1) 788.6155 1,64E+08 73% 1,60E+08 115% 
 SM(d42:3)  811.6692 2,45E+07 77% 3,43E+05 71% 



LIPID MASS RAW DATA NORMALIZED 
AVERAGE CV AVERAGE CV 



 PC(14:0) 482.3238 2,43E+07 22% 6,83E-01 27% 
 TG(26:7) 502.2917 4,11E+07 26% 1,75E-01 3% 
 PC(34:1) 760.5847 9,73E+07 34% 3,12E-01 11% 
 PC(36:1) 788.6155 5,22E+06 35% 5,99E-02 30% 



Reproducibility of selected lipids in brain tumors 



Reproducibility of selected lipids in plasma 



The present study, considered as a proof-of-concept experiment, was the first attempt to assess the utility of Coated Blade Spray Mass Spectrometry in lipidomic analysis of brain tumors.  



Desorption solvent selection* 
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CBS-MS procedure 



Benign 
meningioma 



Malignant 
glioblastoma 



Brain tumors 



QCs 



Blanks 



Visible separate claster of blank samples and overlapped QC’s  
Two brain tumors types are differentiated based on lipidomic profile. 
Glioblastoma is characterized by high heterogenity while benign 
meningioma’s cluster is more tight. 



HETEROGENOUS 
STRUCTURE OF THE 



TISSUE 



HOMOGENOUS 
MATERIAL 
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1. Department of Pharmacodynamics and Molecular Pharmacology, Faculty of Pharmacy, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Bydgoszcz, Poland 
2. Department of Neurosurgery, 10th Military Research Hospital and Polyclinic, Bydgoszcz, Poland 
3. Department of Neurosurgery and Neurology, Faculty of Health Sciences, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Bydgoszcz, Poland 
 



ACN – acetonitrile; MeOH –methanol, IPA - isopropanol 



* All of the mentioned solutions contaned 10mM ammonium acetate and 1mM acetic acid 



The obtained results confirmed that CBS can be useful for rapid characterization of brain tumors. However, further optimization of conditions and selection of target analytes is required.  



The study was funded by the National Science Center Poland, research task No 2015/18/M/ST4/00059.  



High CV 



 CV about 30% 



Differentiation of brain tumors 
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A p p l i c a t i o n   o f   C o a t ed Blade Spray Mass Spectrometry in Lip i d o m i c   A n a l y s i s        J o a n n a   B o g u s i e w i c z 1 ,   D o m i n i k   O l s z ó w k a 1 ,   K a r o l   J a r o c h 1 ,   P a u l i n a   Zofia Gorynska1, Krzysztof Gorynski1, Marcin Birski2, Jacek Fu r t a k 2 ,   D a r i u s z   P a c z k o w s k i 2 ,   M a r e k   H a r a t 2 , 3 ,   B a r b a r a   B o j k o 1     B r a i n   t u m o r s   a r e   c a n c e r s   w i t h   o n e   o f   t h e   h i g h e s t   m o r t a l i t y   f a c t o r s .   F a s t   d i a g n o s i s   a n d   s e l e c t i o n   o f   a p p r o p r i a t e   t r e a t m e n t   c o u l d   i m p r o v e   l i f e   e x p e c t a n c y   a n d   l i f e   q u a l i t y   o f   p a t i e n t s .   T h e r e f o r e ,   n e w   d i a g n o s t i c   m e t h o d s   a r e   s o u g h t .     C o a t e d   B l a d e   S p r a y   c o u p l e d   w i t h   M a s s   S p e c t r o m e t r y   ( C B S - M S )   i s   t h e   t e c h n o l o g y   m e r g i n g   o n - s i t e   s a m p l i n g   a n d   s a m p l e   p r e p a r a t i o n   w i t h   r a p i d   d e t e c t i o n .   S p e c i a l l y   d e s i g n e d   s w o r d - s h a p e d   p r o b e   w i t h   i m m o b i l i z e d   s o r p t i v e   p a r t i c l e s   i s   u s e d   f o r   e x t r a c t i o n   o f   a n a l y t e s   f r o m   b i o l o g i c a l   m a t r i x .   S u b s e q u e n t l y ,   i t   i s   p l a c e d   i n   t h e   i n t e r f a c e   m o u n t e d   o n   M S   s o u r c e .   T h e n ,   t h e   d r o p   o f   d e s o r p t i o n   s o l v e n t   i s   p u t   o n   t h e   b l a d e   s u r f a c e   t o   r e l e a s e   a n a l y t e s   f r o m   t h e   s o r b e n t .   A p p l i c a t i o n   o f   h i g h   v o l t a g e   t o   t h e   p r o b e   e n a b l e s   i o n i z a t i o n   a n d   a n a l y s i s   o f   e x t r a c t e d   s u b s t a n c e s   i n   M S .   T h e   w h o l e   p r o c e d u r e   i s   f a s t   a n d   s i m p l e .    

T h e   g o a l   o f   t h i s   s t u d y   w a s   t o   a s s e s s   t h e   a p p l i c a b i l i t y   o f   C B S - M S   f o r   t h e  

a n a l y s i s   o f   l i p i d s   i n   b r a i n   t u m o r s .  

• P r e p a r a t i o n   o f  

C B S   b l a d e s  

• S a m p l i n g   ( 1 5   m i n u t e s )  

• A d d i t i o n   o f   1 5

μ

L   o f  

d e s o r p t i o n   s o l v e n t   o n   t h e  

C B S   b l a d e s   s u r f a c e  

• A p p l i c a t i o n   o f   v o l t a g e :  

4 . 9 k V  

• A n a l y s i s   t i m e :   1 . 5 m i n  

( 6 0 s e c .   o f   d e s o r p t i o n   +   3 0  

s e c .   i o n i z a t i o n )  

• D a t a   a n a l y s i s  
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Voltage optimization 

L I P I D  

M A S S  

  M E N I N G I O M A   G L I O M A    

A V E R A G E   C V   A V E R A G E   C V  

  D G ( 2 2 : 4 )   4 3 8 . 2 9 7 4   6 , 4 2 E + 0 6   8 %   5 , 8 6 E + 0 6   1 2 2 %  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   3 , 6 9 E + 0 6   8 7 %   2 , 0 6 E + 0 6   1 3 2 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   2 , 4 0 E + 0 7   3 6 %   1 , 8 3 E + 0 7   1 0 0 %  

  P C ( 3 2 : 0 )   7 3 4 . 5 6 9 2   2 , 3 2 E + 0 8   7 9 %   2 , 1 6 E + 0 8   5 2 %  

  S M ( d 3 8 : 4 )   7 5 3 . 5 8 7 5   3 , 5 8 E + 0 6   7 1 %   2 , 9 2 E + 0 6   8 3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 1 3 E + 0 8   7 2 %   1 , 2 9 E + 0 9   6 9 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   1 , 6 4 E + 0 8   7 3 %   1 , 6 0 E + 0 8   1 1 5 %  

  S M ( d 4 2 : 3 )     8 1 1 . 6 6 9 2   2 , 4 5 E + 0 7   7 7 %   3 , 4 3 E + 0 5   7 1 %  

L I P I D   M A S S  

R A W   D A T A   N O R M A L I Z E D  

A V E R A G E   C V   A V E R A G E   C V  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   2 , 4 3 E + 0 7   2 2 %   6 , 8 3 E - 0 1   2 7 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   4 , 1 1 E + 0 7   2 6 %   1 , 7 5 E - 0 1   3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 7 3 E + 0 7   3 4 %   3 , 1 2 E - 0 1   1 1 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   5 , 2 2 E + 0 6   3 5 %   5 , 9 9 E - 0 2   3 0 %  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   b r a i n   t u m o r s  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   p l a s m a  

The present study, considered as a proof-of-concept experiment, was the first attem p t   t o   a s s e s s   t h e   u t i l i t y   o f   C o a t e d   B l a d e   S p r a y   M a s s   S p e c t r o m e t r y   i n   l i p i d o m i c   a n a l y s i s   o f   b r a i n   t u m o r s .    

Desorption solvent selection* 
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V i s i b l e   s e p a r a t e   c l a s t e r   o f   b l a n k   s a m p l e s   a n d   o v e r l a p p e d   Q C ’ s    

T w o   b r a i n   t u m o r s   t y p e s   a r e   d i f f e r e n t i a t e d   b a s e d   o n   l i p i d o m i c   p r o f i l e .  

G l i o b l a s t o m a   i s   c h a r a c t e r i z e d   b y   h i g h   h e t e r o g e n i t y   w h i l e   b e n i g n  

m e n i n g i o m a ’ s   c l u s t e r   i s   m o r e   t i g h t .  
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Brain tumors are cancers with one of the highest mortality factors. Fast diagnosis 
and selection of appropriate treatment could improve life expectancy and life 
quality of patients. Therefore, new diagnostic methods are sought.  
Coated Blade Spray coupled with Mass Spectrometry (CBS-MS) is the 
technology merging on-site sampling and sample preparation with rapid 
detection. Specially designed sword-shaped probe with immobilized sorptive 
particles is used for extraction of analytes from biological matrix. Subsequently, it 
is placed in the interface mounted on MS source. Then, the drop of desorption 
solvent is put on the blade surface to release analytes from the sorbent. 
Application of high voltage to the probe enables ionization and analysis of 
extracted substances in MS. The whole procedure is fast and simple. 



 
The goal of this study was to assess the applicability of CBS-MS for the 
analysis of lipids in brain tumors. 
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• Addition of 15μL of 
desorption solvent on the 
CBS blades surface 



• Application of voltage: 
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(60sec. of desorption + 30 
sec. ionization) 
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Reproducibility of selected lipids in brain tumors 



Reproducibility of selected lipids in plasma 



The present study, considered as a proof-of-concept experiment, was the first attempt to assess the utility of Coated Blade Spray Mass Spectrometry in lipidomic analysis of brain tumors.  
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C B S   b l a d e s  

• S a m p l i n g   ( 1 5   m i n u t e s )   • A d d i t i o n   o f   1 5 μ L   o f   d e s o r p t i o n   s o l v e n t   o n   t h e   C B S   b l a d e s   s u r f a c e   • A p p l i c a t i o n   o f   v o l t a g e :  

4 . 9 k V  

• A n a l y s i s   t i m e :   1 . 5 m i n  

( 6 0 s e c .   o f   d e s o r p t i o n   +   3 0  

s e c .   i o n i z a t i o n )  

• D a t a   a n a l y s i s   0% 50% 100% 3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9 Voltage [kV]  Sphingosine (d17:1) 

0 %

5 0 %

1 0 0 %

3 . 5 3 . 7 3 . 9 4 . 1 4 . 3 4 . 5 4 . 7 4 . 9

V o l t a g e   [ k V ]  

P G ( 3 7 : 4 )  

0%

50%

100%

3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9

Voltage [kV] 

PC(C34:1) 

Voltage optimization  L I P I D   M A S S     M E N I N G I O M A   G L I O M A     A V E R A G E   C V   A V E R A G E   C V  

  D G ( 2 2 : 4 )

 

4 3 8 . 2 9 7 4   6 , 4 2 E + 0 6   8 %   5 , 8 6 E + 0 6   1 2 2 %  

  P C ( 1 4 : 0 )

 

4 8 2 . 3 2 3 8   3 , 6 9 E + 0 6   8 7 %   2 , 0 6 E + 0 6   1 3 2 %  

  T G ( 2 6 : 7 )

 

5 0 2 . 2 9 1 7   2 , 4 0 E + 0 7   3 6 %   1 , 8 3 E + 0 7   1 0 0 %  

  P C ( 3 2 : 0 )

 

7 3 4 . 5 6 9 2   2 , 3 2 E + 0 8   7 9 %   2 , 1 6 E + 0 8   5 2 %  

  S M ( d 3 8 : 4 )

 

7 5 3 . 5 8 7 5   3 , 5 8 E + 0 6   7 1 %   2 , 9 2 E + 0 6   8 3 %  

  P C ( 3 4 : 1 )

 

7 6 0 . 5 8 4 7   9 , 1 3 E + 0 8   7 2 %   1 , 2 9 E + 0 9   6 9 %  

  P C ( 3 6 : 1 )

 

7 8 8 . 6 1 5 5   1 , 6 4 E + 0 8   7 3 %   1 , 6 0 E + 0 8   1 1 5 %  

  S M ( d 4 2 : 3 )  

 

8 1 1 . 6 6 9 2   2 , 4 5 E + 0 7   7 7 %   3 , 4 3 E + 0 5   7 1 %  

L I P I D   M A S S  

R A W   D A T A   N O R M A L I Z E D  

A V E R A G E   C V   A V E R A G E   C V  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   2 , 4 3 E + 0 7   2 2 %   6 , 8 3 E - 0 1   2 7 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   4 , 1 1 E + 0 7   2 6 %   1 , 7 5 E - 0 1   3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 7 3 E + 0 7   3 4 %   3 , 1 2 E - 0 1   1 1 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   5 , 2 2 E + 0 6   3 5 %   5 , 9 9 E - 0 2   3 0 %  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   b r a i n   t u m o r s  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   p l a s m a  

The present study, considered as a  p r o o f - o f - c o n c e p t   e x p e r i m e n t ,   w a s   t h e   f i r s t   a t t e m p t   t o   a s s e s s   t h e   u t i l i t y   o f   C o a t e d   B l a d e   S p r a y   M a s s   S p e c t r o m e t r y   i n   l i p i d o m i c   a n a l y s i s   o f   b r a i n   t u m o r s .    

Desorption solvent selection *  

0 % 2 0 % 4 0 % 6 0 % 8 0 % 1 0 0 % M e O H I P A : M e O H ;   1 : 3 I P A : M e O H ;   1 : 1 A C N : M e O H ;   1 : 3 A C N : M e O H ;   1 : 1

C B S - M S   p r o c e d u r e   B e n i g n   m e n i n g i o m a   M a l i g n a n t   g l i o b l a s t o m a   B r a i n   t u m o r s   Q C s   B l a n k s   V i s i b l e   s e p a r a t e   c l a s t e r   o f   b l a n k   s a m p l e s   a n d   o v e r l a p p e d   Q C ’ s     T w o   b r a i n   t u m o r s   t y p e s   a r e   d i f f e r e n t i a t e d   b a s e d   o n   l i p i d o m i c   p r o f i l e .   G l i o b l a s t o m a   i s   c h a r a c t e r i z e d   b y   h i g h   h e t e r o g e n i t y   w h i l e   b e n i g n   m e n i n g i o m a ’ s   c l u s t e r   i s   m o r e   t i g h t .   H E T E R O G E N O U S   S T R U C T U R E   O F   T H E   T I S S U E  

H O M O G E N O U S  

M A T E R I A L  

0 %

5 0 %

1 0 0 %

3 , 5 3 , 7 3 , 9 4 , 1 4 , 3 4 , 5 4 , 7 4 , 9

V o l t a g e   [ k V ]  

L P E ( 1 7 : 1 )  

1 .   D e p a r t m e n t   o f   P h a r m a c o d y n a m i c s   a n d   M o l e c u l a r   P h a r m a c o l o g y ,   F a c u lty of Pharmacy, Collegium Medicum i n   B y d g o s z c z ,   N i c o l a u s   C o p e r n i c u s   U n i v e r s i t y   i n   T o r u n ,   B y d g o s z c z ,   P o l a n d   2 .   D e p a r t m e n t   o f   N e u r o s u r g e r y ,   1 0 t h   M i l i t a r y   R e s e a r c h   H o s p i t a l   a n d   P o l yclinic, Bydgoszcz, Poland  3 .   D e p a r t m e n t   o f   N e u r o s u r g e r y   a n d   N e u r o l o g y ,   F a c u l t y   o f   H e a l t h   S c i e n c e s, Collegium Medicum in Bydgoszcz,  N i c o l a u s   C o p e r n i c u s   U n i v e r s i t y   i n   T o r u n ,   B y d g o s z c z ,   P o l a n d     A C N   –   a c e t o n i t r i l e ;   M e O H   – m e t h a n o l ,   I P A   -   i s o p r o p a n o l   * All of the mentioned solutions contaned 10mM ammoni u m   a c e t a t e   a n d   1 m M   a c e t i c   a c i d  

The obtained results confirmed tha t   C B S   c a n   b e   u s e f u l   f o r   r a p i d   c h a r a c t e r i z a t i o n   o f   b r a i n   t u m o r s .   H o w e v e r ,   f u r t h e r   o p t i m i z a t i o n   o f   c o n d i t i o n s   a n d   s e l e c t i o n   o f   t a r g e t   a n a l y t e s   i s   r e q u i r e d .    

The study was funded by the Natio n a l   S c i e n c e   C e n t e r   P o l a n d ,   r e s e a r c h   t a s k   N o   2 0 1 5 / 1 8 / M / S T 4 / 0 0 0 5 9 .    

H i g h   C V  

  C V   a b o u t   3 0 %  

D i f f e r e n t i a t i o n   o f   b r a i n   t u m o r s  

PC C16-18:1

A p p l i c a t i o n   o f   C o a t e d   B l a d e   S p r a y   M ass Spectrometry in Li p i d o m i c   A n a l y s i s      

 

J o a n n a   B o g u s i e w i c z 1 ,   D o m i n i k   O l s z ó w k a 1 ,   K a r o l   J a r o c h 1 ,   P a u l i n a   Z o f i a   G o r y n s k a 1 ,   K r z y s z t o f   Gorynski1, Marcin Birski2, Jacek 

F

u r t a k 2 ,   D a r i u s z   P a c z k o w s k i 2 ,   M a r e k   H a r a t 2 , 3 ,   B a r b a r a   B o j k o 1    B r a i n   t u m o r s   a r e   c a n c e r s   w i t h   o n e   o f   t h e   h i g h e s t   m o r t a l i t y   f a c t o r s .   F a s t   d i a g n o s i s   a n d   s e l e c t i o n   o f   a p p r o p r i a t e   t r e a t m e n t   c o u l d   i m p r o v e   l i f e   e x p e c t a n c y   a n d   l i f e   q u a l i t y   o f   p a t i e n t s .   T h e r e f o r e ,   n e w   d i a g n o s t i c   m e t h o d s   a r e   s o u g h t .     C o a t e d   B l a d e   S p r a y   c o u p l e d   w i t h   M a s s   S p e c t r o m e t r y   ( C B S - M S )   i s   t h e   t e c h n o l o g y   m e r g i n g   o n - s i t e   s a m p l i n g   a n d   s a m p l e   p r e p a r a t i o n   w i t h   r a p i d   d e t e c t i o n .   S p e c i a l l y   d e s i g n e d   s w o r d - s h a p e d   p r o b e   w i t h   i m m o b i l i z e d   s o r p t i v e   p a r t i c l e s   i s   u s e d   f o r   e x t r a c t i o n   o f   a n a l y t e s   f r o m   b i o l o g i c a l   m a t r i x .   S u b s e q u e n t l y ,   i t   i s   p l a c e d   i n   t h e   i n t e r f a c e   m o u n t e d   o n   M S   s o u r c e .   T h e n ,   t h e   d r o p   o f   d e s o r p t i o n   s o l v e n t   i s   p u t   o n   t h e   b l a d e   s u r f a c e   t o   r e l e a s e   a n a l y t e s   f r o m   t h e   s o r b e n t .   A p p l i c a t i o n   o f   h i g h   v o l t a g e   t o   t h e   p r o b e   e n a b l e s   i o n i z a t i o n   a n d   a n a l y s i s   o f   e x t r a c t e d   s u b s t a n c e s   i n   M S .   T h e   w h o l e   p r o c e d u r e   i s   f a s t   a n d   s i m p l e .     T h e   g o a l   o f   t h i s   s t u d y   w a s   t o   a s s e s s   t h e   a p p l i c a b i l i t y   o f   C B S - M S   f o r   t h e   a n a l y s i s   o f   l i p i d s   i n   b r a i n   t u m o r s .  

• P r e p a r a t i o n   o f  

C B S   b l a d e s  

• S a m p l i n g   ( 1 5   m i n u t e s )  

• A d d i t i o n   o f   1 5

μ

L   o f  

d e s o r p t i o n   s o l v e n t   o n   t h e  

C B S   b l a d e s   s u r f a c e  

• A p p l i c a t i o n   o f   v o l t a g e :  

4 . 9 k V  

• A n a l y s i s   t i m e :   1 . 5 m i n  

( 6 0 s e c .   o f   d e s o r p t i o n   +   3 0  

s e c .   i o n i z a t i o n )  

• D a t a   a n a l y s i s  

0 %

5 0 %

1 0 0 %

3 . 5 3 . 7 3 . 9 4 . 1 4 . 3 4 . 5 4 . 7 4 . 9

V o l t a g e   [ k V ]  

S p h i n g o s i n e   ( d 1 7 : 1 )  

0 %
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V o l t a g e   [ k V ]  

P G ( 3 7 : 4 )  

0 %

5 0 %

1 0 0 %

3 . 5 3 . 7 3 . 9 4 . 1 4 . 3 4 . 5 4 . 7 4 . 9

V o l t a g e   [ k V ]  

P C ( C 3 4 : 1 )  

V o l t a g e   o p t i m i z a t i o n  

L I P I D   M A S S  

  M E N I N G I O M A   G L I O M A    

A V E R A G E   C V   A V E R A G E   C V  

  D G ( 2 2 : 4 )   4 3 8 . 2 9 7 4   6 , 4 2 E + 0 6   8 %   5 , 8 6 E + 0 6   1 2 2 %  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   3 , 6 9 E + 0 6   8 7 %   2 , 0 6 E + 0 6   1 3 2 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   2 , 4 0 E + 0 7   3 6 %   1 , 8 3 E + 0 7   1 0 0 %  

  P C ( 3 2 : 0 )   7 3 4 . 5 6 9 2   2 , 3 2 E + 0 8   7 9 %   2 , 1 6 E + 0 8   5 2 %  

  S M ( d 3 8 : 4 )   7 5 3 . 5 8 7 5   3 , 5 8 E + 0 6   7 1 %   2 , 9 2 E + 0 6   8 3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 1 3 E + 0 8   7 2 %   1 , 2 9 E + 0 9   6 9 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   1 , 6 4 E + 0 8   7 3 %   1 , 6 0 E + 0 8   1 1 5 %  

  S M ( d 4 2 : 3 )     8 1 1 . 6 6 9 2   2 , 4 5 E + 0 7   7 7 %   3 , 4 3 E + 0 5   7 1 %  

L I P I D   M A S S  

R A W   D A T A   N O R M A L I Z E D  

A V E R A G E   C V   A V E R A G E   C V  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   2 , 4 3 E + 0 7   2 2 %   6 , 8 3 E - 0 1   2 7 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   4 , 1 1 E + 0 7   2 6 %   1 , 7 5 E - 0 1   3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 7 3 E + 0 7   3 4 %   3 , 1 2 E - 0 1   1 1 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   5 , 2 2 E + 0 6   3 5 %   5 , 9 9 E - 0 2   3 0 %  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   b r a i n   t u m o r s  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   p l a s m a  

T h e   p r e s e n t   s t u d y ,   c o n s i d e r e d   a s  a proof-of-concept experiment, was the first atte m p t   t o   a s s e s s   t h e   u t i l i t y   o f   C o a t e d   B l a d e   S p r a y   M a s s   S p e c t r o m e t r y   i n   l i p i d o m i c   a n a l y s i s   o f   b r a i n   t u m o r s .    

D e s o r p t i o n   s o l v e n t   s e l e c t i

o

n* 

0 % 2 0 % 4 0 % 6 0 % 8 0 % 1 0 0 % M e O H I P A : M e O H ;   1 : 3 I P A : M e O H ;   1 : 1 A C N : M e O H ;   1 : 3 A C N : M e O H ;   1 : 1

C B S - M S   p r o c e d u r e   B e n i g n   m e n i n g i o m a   M a l i g n a n t   g l i o b l a s t o m a   B r a i n   t u m o r s   Q C s   B l a n k s   V i s i b l e   s e p a r a t e   c l a s t e r   o f   b l a n k   s a m p l e s   a n d   o v e r l a p p e d   Q C ’ s     T w o   b r a i n   t u m o r s   t y p e s   a r e   d i f f e r e n t i a t e d   b a s e d   o n   l i p i d o m i c   p r o f i l e .   G l i o b l a s t o m a   i s   c h a r a c t e r i z e d   b y   h i g h   h e t e r o g e n i t y   w h i l e   b e n i g n   m e n i n g i o m a ’ s   c l u s t e r   i s   m o r e   t i g h t .  

H E T E R O G E N O U S  

S T R U C T U R E   O F   T H E  

T I S S U E  

H O M O G E N O U S  

M A T E R I A L  

0%

50%

100%

3,5 3,7 3,9 4,1 4,3 4,5 4,7 4,9

Voltage [kV] 

LPE(17:1) 

1 .   D e p a r t m e n t   o f   P h a r m a c o d y n a m i c s   a n d   M o l e c u l a r   P h a r m a c o l o g y ,   F a c u l t y   o f   P h a r m a c y ,   C o l l e g i u m   M e d i c u m in Bydgoszcz, Nicolaus Copernicus U n i v e r s i t y   i n   T o r u n ,   B y d g o s z c z ,   P o l a n d   2 .   D e p a r t m e n t   o f   N e u r o s u r g e r y ,   1 0 t h   M i l i t a r y   R e s e a r c h   H o s p i t a l   a n d   P o l y c l i n i c ,   B y d g o s z c z ,   P o l a n d   3 .   D e p a r t m e n t   o f   N e u r o s u r g e r y   a n d   N e u r o l o g y ,   F a c u l t y   o f   H e a l t h   S c i e n c e s ,   C o l l e g i u m   M e d i c u m   i n   B y d g o s z c z, Nicolaus Copernicus University in T o r u n ,   B y d g o s z c z ,   P o l a n d     ACN – acetonitrile; MeOH –methanol, IPA - isopropanol  *   A l l   o f   t h e   m e n t i o n e d   s o l u t i o n s   c o n t a n e d   1 0 m M   a m m

o

nium acetate and 1mM acetic acid 

T h e   o b t a i n e d   r e s u l t s   c o n f i r m e d   t hat CBS can be useful for rapid characterization   o f   b r a i n   t u m o r s .   H o w e v e r ,   f u r t h e r   o p t i m i z a t i o n   o f   c o n d i t i o n s   a n d   s e l e c t i o n   o f   t a r g e t   a n a l y t e s   i s   r e q u i r e d .    

T h e   s t u d y   w a s   f u n d e d   b y   t h e   N a t ional Science Center Poland, research task No 

2

0 1 5 / 1 8 / M / S T 4 / 0 0 0 5 9 .    

H i g h   C V  

  C V   a b o u t   3 0 %  

D i f f e r e n t i a t i o n   o f   b r a i n   t u m o r s  

A p p l i c a t i o n   o f   C o ated Blade Spray Mas s   S p e c t r o m e t r y   i n   L i p i d o m i c   A n a l y s i s        J o a n n a   B o g u s i e w i c z 1 ,   D o m i n i k   O l s z ó w k a 1 ,   K a r o l   J a r o c h 1 ,   P a u l ina Zofia Gorynska1, Krzysztof G o r y n s k i 1 ,   M a r c i n   B i r s k i 2 ,   J a c e k   F u r t a k 2 ,   D a r i u s z   P a c z k o w s k i 2 ,   M a r e k   H a r a t 2 , 3 ,   B a r b a r a   B o j k o 1     B r a i n   t u m o r s   a r e   c a n c e r s   w i t h   o n e   o f   t h e   h i g h e s t   m o r t a l i t y   f a c t o r s .   F a s t   d i a g n o s i s   a n d   s e l e c t i o n   o f   a p p r o p r i a t e   t r e a t m e n t   c o u l d   i m p r o v e   l i f e   e x p e c t a n c y   a n d   l i f e   q u a l i t y   o f   p a t i e n t s .   T h e r e f o r e ,   n e w   d i a g n o s t i c   m e t h o d s   a r e   s o u g h t .     C o a t e d   B l a d e   S p r a y   c o u p l e d   w i t h   M a s s   S p e c t r o m e t r y   ( C B S - M S )   i s   t h e   t e c h n o l o g y   m e r g i n g   o n - s i t e   s a m p l i n g   a n d   s a m p l e   p r e p a r a t i o n   w i t h   r a p i d   d e t e c t i o n .   S p e c i a l l y   d e s i g n e d   s w o r d - s h a p e d   p r o b e   w i t h   i m m o b i l i z e d   s o r p t i v e   p a r t i c l e s   i s   u s e d   f o r   e x t r a c t i o n   o f   a n a l y t e s   f r o m   b i o l o g i c a l   m a t r i x .   S u b s e q u e n t l y ,   i t   i s   p l a c e d   i n   t h e   i n t e r f a c e   m o u n t e d   o n   M S   s o u r c e .   T h e n ,   t h e   d r o p   o f   d e s o r p t i o n   s o l v e n t   i s   p u t   o n   t h e   b l a d e   s u r f a c e   t o   r e l e a s e   a n a l y t e s   f r o m   t h e   s o r b e n t .   A p p l i c a t i o n   o f   h i g h   v o l t a g e   t o   t h e   p r o b e   e n a b l e s   i o n i z a t i o n   a n d   a n a l y s i s   o f   e x t r a c t e d   s u b s t a n c e s   i n   M S .   T h e   w h o l e   p r o c e d u r e   i s   f a s t   a n d   s i m p l e .     T h e   g o a l   o f   t h i s   s t u d y   w a s   t o   a s s e s s   t h e   a p p l i c a b i l i t y   o f   C B S - M S   f o r   t h e   a n a l y s i s   o f   l i p i d s   i n   b r a i n   t u m o r s .  

• P r e p a r a t i o n   o f  

C B S   b l a d e s  

• S a m p l i n g   ( 1 5   m i n u t e s )  

• A d d i t i o n   o f   1 5 μ L   o f  

d e s o r p t i o n   s o l v e n t   o n   t h e  

C B S   b l a d e s   s u r f a c e  

• A p p l i c a t i o n   o f   v o l t a g e :  

4 . 9 k V  

• A n a l y s i s   t i m e :   1 . 5 m i n  

( 6 0 s e c .   o f   d e s o r p t i o n   +   3 0  

s e c .   i o n i z a t i o n )  

• D a t a   a n a l y s i s  
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Voltage optimization 

L I P I D   M A S S  

  M E N I N G I O M A   G L I O M A    

A V E R A G E   C V   A V E R A G E   C V  

  D G ( 2 2 : 4 )   4 3 8 . 2 9 7 4   6 , 4 2 E + 0 6   8 %   5 , 8 6 E + 0 6   1 2 2 %  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   3 , 6 9 E + 0 6   8 7 %   2 , 0 6 E + 0 6   1 3 2 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   2 , 4 0 E + 0 7   3 6 %   1 , 8 3 E + 0 7   1 0 0 %  

  P C ( 3 2 : 0 )   7 3 4 . 5 6 9 2   2 , 3 2 E + 0 8   7 9 %   2 , 1 6 E + 0 8   5 2 %  

  S M ( d 3 8 : 4 )   7 5 3 . 5 8 7 5   3 , 5 8 E + 0 6   7 1 %   2 , 9 2 E + 0 6   8 3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 1 3 E + 0 8   7 2 %   1 , 2 9 E + 0 9   6 9 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   1 , 6 4 E + 0 8   7 3 %   1 , 6 0 E + 0 8   1 1 5 %  

  S M ( d 4 2 : 3 )     8 1 1 . 6 6 9 2   2 , 4 5 E + 0 7   7 7 %   3 , 4 3 E + 0 5   7 1 %  

L I P I D  

M A S S  

R A W   D A T A   N O R M A L I Z E D  

A V E R A G E   C V   A V E R A G E   C V  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   2 , 4 3 E + 0 7   2 2 %   6 , 8 3 E - 0 1   2 7 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   4 , 1 1 E + 0 7   2 6 %   1 , 7 5 E - 0 1   3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 7 3 E + 0 7   3 4 %   3 , 1 2 E - 0 1   1 1 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   5 , 2 2 E + 0 6   3 5 %   5 , 9 9 E - 0 2   3 0 %  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   b r a i n   t u m o r s  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   p l a s m a  

The present study, considered as a  p r o o f - o f - c o n c e p t   e x p e r i m e n t ,   w a s   t h e   f i r s t   a t t e m p t   t o   a s s e s s   t h e   u t i l i t y   o f   C o a t e d   B l a d e   S p r a y   M a s s   S p e c t r o m e t r y   i n   l i p i d o m i c   a n a l y s i s   o f   b r a i n   t u m o r s .    

Desorption solvent selection *  

0 % 2 0 % 4 0 % 6 0 % 8 0 % 1 0 0 % M e O H I P A : M e O H ;   1 : 3 I P A : M e O H ;   1 : 1 A C N : M e O H ;   1 : 3 A C N : M e O H ;   1 : 1

C B S - M S   p r o c e d u r e   B e n i g n   m e n i n g i o m a   M a l i g n a n t   g l i o b l a s t o m a   B r a i n   t u m o r s   Q C s   B l a n k s   V i s i b l e   s e p a r a t e   c l a s t e r   o f   b l a n k   s a m p l e s   a n d   o v e r l a p p e d   Q C ’ s     T w o   b r a i n   t u m o r s   t y p e s   a r e   d i f f e r e n t i a t e d   b a s e d   o n   l i p i d o m i c   p r o f i l e .   G l i o b l a s t o m a   i s   c h a r a c t e r i z e d   b y   h i g h   h e t e r o g e n i t y   w h i l e   b e n i g n   m e n i n g i o m a ’ s   c l u s t e r   i s   m o r e   t i g h t .  

H E T E R O G E N O U S  

S T R U C T U R E   O F   T H E  

T I S S U E  

H O M O G E N O U S  

M A T E R I A L  
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L P E ( 1 7 : 1 )  

1 .   D e p a r t m e n t   o f   P h a r m a c o d y n a m i c s   a n d   M o l e c u l a r   P h a r m a c o l o g y ,   F a c u l ty of Pharmacy, Collegium Medicum i n   B y d g o s z c z ,   N i c o l a u s   C o p e r n i c u s   U n i v e r s i t y   i n   T o r u n ,   B y d g o s z c z ,   P o l a n d   2 .   D e p a r t m e n t   o f   N e u r o s u r g e r y ,   1 0 t h   M i l i t a r y   R e s e a r c h   H o s p i t a l   a n d   P o l y clinic, Bydgoszcz, Poland  3 .   D e p a r t m e n t   o f   N e u r o s u r g e r y   a n d   N e u r o l o g y ,   F a c u l t y   o f   H e a l t h   S c i e n c e s, Collegium Medicum in Bydgoszcz,  N i c o l a u s   C o p e r n i c u s   U n i v e r s i t y   i n   T o r u n ,   B y d g o s z c z ,   P o l a n d     A C N   –   a c e t o n i t r i l e ;   M e O H   – m e t h a n o l ,   I P A   -   i s o p r o p a n o l   * All of the mentioned solutions contaned 10mM ammoni u m   a c e t a t e   a n d   1 m M   a c e t i c   a c i d  

The obtained results confirmed tha t   C B S   c a n   b e   u s e f u l   f o r   r a p i d   c h a r a c t e r i z a t i o n   o f   b r a i n   t u m o r s .   H o w e v e r ,   f u r t h e r   o p t i m i z a t i o n   o f   c o n d i t i o n s   a n d   s e l e c t i o n   o f   t a r g e t   a n a l y t e s   i s   r e q u i r e d .    

The study was funded by the Natio n a l   S c i e n c e   C e n t e r   P o l a n d ,   r e s e a r c h   t a s k   N o   2 0 1 5 / 1 8 / M / S T 4 / 0 0 0 5 9 .    

H i g h   C V  

  C V   a b o u t   3 0 %  

D i f f e r e n t i a t i o n   o f   b r a i n   t u m o r s  

A p p l i c a t i o n   o f   C o a t e d   B l a d e   S p r a y   M ass Spectrometry in Li p i d o m i c   A n a l y s i s      

 

J o a n n a   B o g u s i e w i c z 1 ,   D o m i n i k   O l s z ó w k a 1 ,   K a r o l   J a r o c h 1 ,   P a u l i n a   Z o f i a   G o r y n s k a 1 ,   K r z y s z t o f   Gorynski1, Marcin Birski2, Jacek F u r t a k 2 ,   D a r i u s z   P a c z k o w s k i 2 ,   M a r e k   H a r a t 2 , 3 ,   B a r b a r a   B o j k o 1    B r a i n   t u m o r s   a r e   c a n c e r s   w i t h   o n e   o f   t h e   h i g h e s t   m o r t a l i t y   f a c t o r s .   F a s t   d i a g n o s i s   a n d   s e l e c t i o n   o f   a p p r o p r i a t e   t r e a t m e n t   c o u l d   i m p r o v e   l i f e   e x p e c t a n c y   a n d   l i f e   q u a l i t y   o f   p a t i e n t s .   T h e r e f o r e ,   n e w   d i a g n o s t i c   m e t h o d s   a r e   s o u g h t .     C o a t e d   B l a d e   S p r a y   c o u p l e d   w i t h   M a s s   S p e c t r o m e t r y   ( C B S - M S )   i s   t h e   t e c h n o l o g y   m e r g i n g   o n - s i t e   s a m p l i n g   a n d   s a m p l e   p r e p a r a t i o n   w i t h   r a p i d   d e t e c t i o n .   S p e c i a l l y   d e s i g n e d   s w o r d - s h a p e d   p r o b e   w i t h   i m m o b i l i z e d   s o r p t i v e   p a r t i c l e s   i s   u s e d   f o r   e x t r a c t i o n   o f   a n a l y t e s   f r o m   b i o l o g i c a l   m a t r i x .   S u b s e q u e n t l y ,   i t   i s   p l a c e d   i n   t h e   i n t e r f a c e   m o u n t e d   o n   M S   s o u r c e .   T h e n ,   t h e   d r o p   o f   d e s o r p t i o n   s o l v e n t   i s   p u t   o n   t h e   b l a d e   s u r f a c e   t o   r e l e a s e   a n a l y t e s   f r o m   t h e   s o r b e n t .   A p p l i c a t i o n   o f   h i g h   v o l t a g e   t o   t h e   p r o b e   e n a b l e s   i o n i z a t i o n   a n d   a n a l y s i s   o f   e x t r a c t e d   s u b s t a n c e s   i n   M S .   T h e   w h o l e   p r o c e d u r e   i s   f a s t   a n d   s i m p l e .     T h e   g o a l   o f   t h i s   s t u d y   w a s   t o   a s s e s s   t h e   a p p l i c a b i l i t y   o f   C B S - M S   f o r   t h e   a n a l y s i s   o f   l i p i d s   i n   b r a i n   t u m o r s .   • P r e p a r a t i o n   o f  

C B S   b l a d e s  

• S a m p l i n g   ( 1 5   m i n u t e s )   • A d d i t i o n   o f   1 5 μ L   o f   d e s o r p t i o n   s o l v e n t   o n   t h e   C B S   b l a d e s   s u r f a c e   • A p p l i c a t i o n   o f   v o l t a g e :  

4 . 9 k V  

• A n a l y s i s   t i m e :   1 . 5 m i n  

( 6 0 s e c .   o f   d e s o r p t i o n   +   3 0  

s e c .   i o n i z a t i o n )  

• D a t a   a n a l y s i s  
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V o l t a g e   o p t i m i z a t i o n   L I P I D   M A S S     M E N I N G I O M A   G L I O M A     A V E R A G E   C V   A V E R A G E   C V  

  D G ( 2 2 : 4 )

 

4 3 8 . 2 9 7 4   6 , 4 2 E + 0 6   8 %   5 , 8 6 E + 0 6   1 2 2 %  

  P C ( 1 4 : 0 )

 

4 8 2 . 3 2 3 8   3 , 6 9 E + 0 6   8 7 %   2 , 0 6 E + 0 6   1 3 2 %  

  T G ( 2 6 : 7 )

 

5 0 2 . 2 9 1 7   2 , 4 0 E + 0 7   3 6 %   1 , 8 3 E + 0 7   1 0 0 %  

  P C ( 3 2 : 0 )

 

7 3 4 . 5 6 9 2   2 , 3 2 E + 0 8   7 9 %   2 , 1 6 E + 0 8   5 2 %  

  S M ( d 3 8 : 4 )

 

7 5 3 . 5 8 7 5   3 , 5 8 E + 0 6   7 1 %   2 , 9 2 E + 0 6   8 3 %  

  P C ( 3 4 : 1 )

 

7 6 0 . 5 8 4 7   9 , 1 3 E + 0 8   7 2 %   1 , 2 9 E + 0 9   6 9 %  

  P C ( 3 6 : 1 )

 

7 8 8 . 6 1 5 5   1 , 6 4 E + 0 8   7 3 %   1 , 6 0 E + 0 8   1 1 5 %  

  S M ( d 4 2 : 3 )  

 

8 1 1 . 6 6 9 2   2 , 4 5 E + 0 7   7 7 %   3 , 4 3 E + 0 5   7 1 %  

L I P I D   M A S S  

R A W   D A T A   N O R M A L I Z E D  

A V E R A G E   C V   A V E R A G E   C V  

  P C ( 1 4 : 0 )   4 8 2 . 3 2 3 8   2 , 4 3 E + 0 7   2 2 %   6 , 8 3 E - 0 1   2 7 %  

  T G ( 2 6 : 7 )   5 0 2 . 2 9 1 7   4 , 1 1 E + 0 7   2 6 %   1 , 7 5 E - 0 1   3 %  

  P C ( 3 4 : 1 )   7 6 0 . 5 8 4 7   9 , 7 3 E + 0 7   3 4 %   3 , 1 2 E - 0 1   1 1 %  

  P C ( 3 6 : 1 )   7 8 8 . 6 1 5 5   5 , 2 2 E + 0 6   3 5 %   5 , 9 9 E - 0 2   3 0 %  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   b r a i n   t u m o r s  

R e p r o d u c i b i l i t y   o f   s e l e c t e d   l i p i d s   i n   p l a s m a  

T h e   p r e s e n t   s t u d y ,   c o n s i d e r e d   a s  a proof-of-concept experiment, was the first att e m p t   t o   a s s e s s   t h e   u t i l i t y   o f   C o a t e d   B l a d e   S p r a y   M a s s   S p e c t r o m e t r y   i n   l i p i d o m i c   a n a l y s i s   o f   b r a i n   t u m o r s .    

D e s o r p t i o n   s o l v e n t   s e l e c t i

o

n* 

0 % 2 0 % 4 0 % 6 0 % 8 0 % 1 0 0 % M e O H I P A : M e O H ;   1 : 3 I P A : M e O H ;   1 : 1 A C N : M e O H ;   1 : 3 A C N : M e O H ;   1 : 1

C B S - M S   p r o c e d u r e   B e n i g n   m e n i n g i o m a   M a l i g n a n t   g l i o b l a s t o m a   B r a i n   t u m o r s   Q C s   B l a n k s   V i s i b l e   s e p a r a t e   c l a s t e r   o f   b l a n k   s a m p l e s   a n d   o v e r l a p p e d   Q C ’ s     T w o   b r a i n   t u m o r s   t y p e s   a r e   d i f f e r e n t i a t e d   b a s e d   o n   l i p i d o m i c   p r o f i l e .   G l i o b l a s t o m a   i s   c h a r a c t e r i z e d   b y   h i g h   h e t e r o g e n i t y   w h i l e   b e n i g n   m e n i n g i o m a ’ s   c l u s t e r   i s   m o r e   t i g h t .   H E T E R O G E N O U S   S T R U C T U R E   O F   T H E   T I S S U E  

H O M O G E N O U S  

M A T E R I A L  

0% 50% 100% 3,5 3,7 3,9 4,1 4,3 4,5 4,7 4,9 Voltage [kV]  LPE(17:1)  1 .   D e p a r t m e n t   o f   P h a r m a c o d y n a m i c s   a n d   M o l e c u l a r   P h a r m a c o l o g y ,   F a c u l t y   o f   P h a r m a c y ,   C o l l e g i u m   M e d i c u m in Bydgoszcz, Nicolaus Copernicus U n i v e r s i t y   i n   T o r u n ,   B y d g o s z c z ,   P o l a n d   2 .   D e p a r t m e n t   o f   N e u r o s u r g e r y ,   1 0 t h   M i l i t a r y   R e s e a r c h   H o s p i t a l   a n d   P o l y c l i n i c ,   B y d g o s z c z ,   P o l a n d   3 .   D e p a r t m e n t   o f   N e u r o s u r g e r y   a n d   N e u r o l o g y ,   F a c u l t y   o f   H e a l t h   S c i e n c e s ,   C o l l e g i u m   M e d i c u m   i n   B y d g o s z c z, Nicolaus Copernicus University in T o r u n ,   B y d g o s z c z ,   P o l a n d     ACN – acetonitrile; MeOH –methanol, IPA - isopropanol  *   A l l   o f   t h e   m e n t i o n e d   s o l u t i o n s   c o n t a n e d   1 0 m M   a m m

o

nium acetate and 1mM acetic acid 

T h e   o b t a i n e d   r e s u l t s   c o n f i r m e d   t hat CBS can be useful for rapid characterizati

o

n   o f   b r a i n   t u m o r s .   H o w e v e r ,   f u r t h e r   o p t i m i z a t i o n   o f   c o n d i t i o n s   a n d   s e l e c t i o n   o f   t a r g e t   a n a l y t e s   i s   r e q u i r e d .    

T h e   s t u d y   w a s   f u n d e d   b y   t h e   N a tional Science Center Poland, research task No 2 0 1 5 / 1 8 / M / S T 4 / 0 0 0 5 9 .    

H i g h   C V  

  C V   a b o u t   3 0 %  

D i f f e r e n t i a t i o n   o f   b r a i n   t u m o r s  

Voltageoptimization

PG 17:0-20:4
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