
ASMS 2007© Amgen Inc. 2007

Quantitative Analysis of Rat Spinal Cord by Acoustic Homogenization and Liquid Chromatography/Electrospray Tandem Mass Spectrometry  
Roger Pham, Philip Wong, John Rubino, Bernd Bruenner, Christopher James

Amgen Inc., Thousand Oaks, CA

INTRODUCTION
The study of neuropathic and chronic, inflammatory pain treatment involves the analysis of 
tissues such as spinal cord and brains. Intrathecal injection is a technique of administering 
the drug directly to the spinal cord with a needle or a chronically implanted catheter, 
bypassing the blood brain barrier. 

A common method for tissue analysis involves mechanical homogenization of tissue 
samples by a metal blade followed by LC-MS/MS analysis of the tissue homogenate.  After 
homogenizing a sample, the metal blade is washed with solvent(s) and used again for 
another sample homogenization.  This process often results in cross contamination among 
the samples and is also time consuming and labor intensive. 

In this study, we present a new method for spinal cord analysis using acoustic 
homogenization and LC-ESI-MS/MS.  The principle of acoustic homogenization is based on 
computer generated acoustic shockwaves that are focused on tissue samples, leading to 
effective disruption and homogenization. 

RESULTS  

INSTRUMENTATION
• Sciex API5000 utilizing ESI positive mode
• Quadra 3 SPE from Tomtec Inc.
• Covaris E-series Model E-110 Acoustic Homogenizer
• Leap CTC Pal Autosampler with cooled stacker
• Shimadzu LC-20AD Pump
• Thermo Electron Corporation Hypersil Gold PFP analytical column, 150 x 2.1 mm 

column, 5 µm 

METHOD
Rats were dosed intrathecally with gabapentin (Fig.1) into the subarachnoid space of the 
spinal cord.  After 1 and 1.25 hours, the spinal cords were surgically removed.  The spinal 
cord tissue samples were weighed, transferred into 4 mL glass tubes and frozen on dry ice 
for storage.  

1) Samples were thawed at a later date and placed into a 4 x 6 metal rack 
2) De-ionized water was added in a ratio of 4:1 (Water:Tissue) by weight into each of the 

glass tubes 
3) The metal rack (with the spinal cord samples) was housed in a water bath maintained at a 

temperature of 10°C in the Covaris acoustic homogenizer system (Fig. 2), which focuses 
the acoustic shockwave into a single sample tube at a time

4) Samples were then sequentially homogenized (about 1.5 min per sample) by the Covaris 
system

5) Once the homogenization was completed, 25 µL of the spinal cord homogenate was 
transferred into the Costar cluster tubes for analysis.

Spiking standards were prepared by serial dilution of the stock solution (20 µg/mL) with 
methanol (See Table 1). 

METHOD (CONT’D)
After sample preparation (see Table 1), 20 µL of the supernatant was injected directly into 
the LC/MS/MS system.  The LC/MS/MS conditions are:

 Mobile Phase A:  5% MeOH in 0.1% Formic Acid

 Mobile Phase B:  95% MeOH in 0.1% Formic Acid

 Flow rate: 0.4 mL/min

 Wash 1:  Acetic Acid/HPLC Water/ Isopropanol/Acetonitrile (0.1:60:20:20)

 Wash 2:  Acetonitrile/MeOH (50:50) + 1% Acetic Acid

Analytical column: Thermo Electron Corporation Hypersil Gold PFP analytical column, 
150 x 2.1 mm column, 5 µm.

MRM:  Gabapentin 172.1/154.0; Internal standard  200.1/95.1

The gradient elution program is shown in Table 2. Concentrations of gabapentin in study 
samples were determined using a weighted 1/x2 linear regression of peak area ratios [peak 
area of gabapentin/peak area of internal standard] versus nominal concentrations of the 
calibration standards.  Analytical data was captured by the Applied Biosystems program 
Analyst, version 1.4.1.

Peak areas were integrated by the Analyst program and the data from Analyst were imported 
into the Watson (Version 7.0.0.1, Thermo Electron) laboratory information software for further 
data processing. 

CONCLUSION
• A LC-MS/MS method has been developed for the determination of gabapentin in 

rat spinal cord homogenate.
• The Covaris acoustic homogenizer is shown to be effective in homogenizing spinal 

cord samples.  
• Advantages:

– absence of cross contamination
– reduced labor 
– high throughput sample analysis compared to mechanical homogenization.

Fig.1  Structure of Gabapentin and the Internal Standard

Fig. 2  Covaris Acoustic Homogenizer
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Gabapentin MW 171.2 Internal Standard MW 199.3

Table 1:  Preparation of Spiking Standards (2.5–2500 ng/g)

Fig. 3  Spinal Cord Sample Before and After Homogenization

Fig. 4 Chromatogram of Gabapentin at 2.5 ng/g (LLOQ) in 
Rat Spinal Cord Homogenate

Fig. 6 Chromatogram of a Control Blank Spinal Cord Homogenate 

Fig. 8  A Linear Calibration Curve (2.5–2000 ng/g)Fig. 5 Chromatogram of Gabapentin at 2000 ng/g (ULOQ) in 
Rat Spinal Cord Homogenate

Fig. 7 Chromatogram of a Spinal Cord Homogenate Study 
Sample After a 100 Fold Dilution

 Stock   Final
 Concentration Volume (µL) MeOH (µL) Concentration (ng/g)
 20 µg/mL 20 380 5000.00
 5.00 µg/g 240 360 2000.00
 2.00 µg/g 280 280 1000.00
 1.00 µg/g 280 280 500.00
 0.50 µg/g 250 250 250.00
 0.25 µg/g 220 330 100.00
 0.10 µg/g 100 300 25.00
 0.025 µg/g 110 440 5.00
 0.005 µg/g 250 250 2.50

Table 2: Gradient Elution Program

1) For calibration standards, aliquot 25 µL of spiking standards and 25 µL control blank spinal cord 
homogenate to the Costar tubes.  For unknown samples, aliquot 25 µL MeOH and 25 µL unknown 
samples to the Costar tubes.  For blanks, aliquot 25 µL MeOH and 25 µL control blank spinal cord 
homogenate to the Costar tubes.

2) Add 150 µL of internal standard (25 ng/mL in MeOH), with an eight channel pipette, except for the 
double blank (sample #1) which receives 150 µL MeOH only.

3) Cover with a clear web-seal mat, vortex on medium, and centrifuge @ 3000 rpm for 5 min.
4) Transfer 150 µL from the 96 well block and dispense into a 96 well plate by running the TomTec 

program.
5) Seal the 96 well plate with webseal mat (Chromocol WSM-2).

Table 3:  Results for Gabapentin Spinal Cord Samples
Study # Amount Dosed/Rat  Results (ng/g)  Average (ng/g)  Time (hours) 
 1 200 µg in  140,000 N/A 1.25
  Lidocaine
 2 200 µg in  87,400 98,650 1.00
  saline 99,500
   134,000
   73,700  

Spinal Cord Sample Before
Homogenization 

Spinal Cord Sample After
Homogenization 

Sample Index: 6     
Sample Type: Standard  
Concentration: 2.50 ng/mL  
Calculated Conc: 2.77 ng/mL  
Acq. Date: 9/1/2006  
Acq. Time: 10:41:30 AM  

Modified: No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00 cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0 sec
Expected RT: 3.48 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.45 min
Area: 18254.0097 counts
Height:  2.21e+003 cps
Start Time: 3.33 min
End Time: 3.64 min

2.62 .72 .82 .93 .03 .13 .23 .33 .43 .53 .63 .73 .83 .94 .04 .14 .24 .34 .44 .54 .64 .7
Time, min

0
200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000

In
te

ns
ity

, c
ps

Sample Name: "2 006 2006_08_18_i.t. Inj_874481 and Gbp_naive S_2.5 1 1"    Sample ID: "6"    File: "api5000_2_9605_2006_08_18_i
Peak Name: "39321(IS)"    Mass(es): "200.1/95.1 amu"
Comment: "none"    Annotation: ""

Sample Index: 6     
Sample Type:  Standard  
Concentration: 1.00 ng/mL  
Calculated Conc: N/A            
Acq. Date: 9/1/2006  
Acq. Time: 10:41:30 AM  

Modified:  No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00 cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0  sec
Expected RT: 3.87 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.87 min
Area:  2288577.34 counts
Height:  1.94e+005 cps
Start Time: 3.64 min
End Time: 4.67 min
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Sample Index: 13     
Sample Type: Standard  
Concentration: 2000. ng/mL  
Calculated Conc: 1830. ng/mL  
Acq. Date: 9/1/2006  
Acq. Time: 11:32:44 AM  

Modified: No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00   cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0 sec
Expected RT: 3.48 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.47 min
Area: 15258781.8 counts
Height: 1.37e+006 cps
Start Time: 3.17 min
End Time: 4.21 min
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Sample Name: "2 013 2006_08_18_i.t. Inj_874481 and Gbp_naive S_2000 1 1"    Sample ID: "13"    File: "api5000_2_9605_2006_08_18
Peak Name: "39321(IS)"    Mass(es): "200.1/95.1 amu"
Comment: "none"    Annotation: ""

Sample Index: 13     
Sample Type: Standard  
Concentration: 1.00 ng/mL  
Calculated Conc: N/A            
Acq. Date: 9/1/2006  
Acq. Time: 11:32:44 AM  

Modified: No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00 cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0 sec
Expected RT: 3.87 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.86 min
Area: 2289755.10 counts
Height: 1.88e+005 cps
Start Time: 3.61 min
End Time: 4.67 min
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Sample Index: 14     
Sample Type: Blank  
Concentration: 0.00 ng/mL  
Calculated Conc: N/A            
Acq. Date: 9/1/2006  
Acq. Time: 11:40:03 AM  

Modified: No    
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Sample Name: "2 014 2006_08_18_i.t. Inj_874481 and Gbp_naive CONTROL_BLANK 1"    Sample ID: "14"    File: "api5000_2_9605_2006_
Peak Name: "39321(IS)"    Mass(es): "200.1/95.1 amu"
Comment: "none"    Annotation: ""

Sample Index: 14     
Sample Type: Blank  
Concentration: 1.00 ng/mL  
Calculated Conc: N/A            
Acq. Date: 9/1/2006  
Acq. Time: 11:40:03 AM  

Modified: No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00 cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0 sec
Expected RT: 3.87 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.87 min
Area: 2268456.20 counts
Height: 1.90e+005 cps
Start Time: 3.61   min
End Time: 4.67   min
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Sample Index: 17     
Sample Type: Unknown  
Concentration: N/A            
Calculated Conc: 87800.    ng/mL  
Acq. Date: 9/1/2006  
Acq. Time: 12:02:00 PM  

Modified: No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00 cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0 sec
Expected RT: 3.48 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.47 min
Area: 7265064.64 counts
Height: 6.59e+005 cps
Start Time: 3.24 min
End Time: 4.15 min
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Sample Name: "2 017 2006_08_18_i.t. Inj_874481 and Gbp_naive 415720377228 0001 IT1 60m Sp Crd-"    Sample ID: "17"    File: "ap
Peak Name: "39321(IS)"    Mass(es): "200.1/95.1 amu"
Comment: "none"    Annotation: ""

Sample Index: 17     
Sample Type: Unknown  
Concentration: 1.00 ng/mL  
Calculated Conc: N/A            
Acq. Date: 9/1/2006  
Acq. Time: 12:02:00 PM  

Modified: No    
Proc. Algorithm: IntelliQuan - IQA  
Min. Peak Height: 2000.00 cps
Min. Peak Width: 0.00 sec
Smoothing Width: 3 points
RT Window: 10.0 sec
Expected RT: 3.87 min
Use Relative RT: No    

Int. Type: Valley  
Retention Time: 3.87 min
Area: 2266418.45 counts
Height: 1.87e+005 cps
Start Time: 3.65 min
End Time: 4.66 min
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Regression method = Linear; Weighting factor = 1/x2

Slope = 0.003669; Intercept = –0.001020; R2 = 0.9879
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 Minute % A % B µL/min
 0.01 90 10 400
 1.50 90 10 400
 2.00 70 30 400
 3.70 70 30 400
 3.71 90 10 400
 4.49 90 10 400
 4.50 Controller Stop 


