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Sinomenine and ligustrazine, natural alkaline substances derived from traditional Chinese medicines, are expected
to provide a new choice for combination analgesic therapy strategies. Here we establish a microdialysis sampling
and HPLC-MS/MS quantification method for sinomenine, ligustrazine, gabapentin, paracetamol, pregabalin and
amitriptyline in rat blood and brain extracellular fluid. Blood and brain microdialysis probes were implanted in the
jugular vein toward the right atrium and left corpus striatum zone (AP +0.2 mm, ML 3.0 mm, DV 3.5 mm) in rats.
The blood and brain microdialysis probes were perfused with citric acid buffer solution and Ringer's solution,
respectively. Blood and brain extracellular fluid microdialysate were collected at intervals of 20 min at a perfusion
rate of 1.5 uL'min’', and continuously collected for 24 h after administration. The liquid chromatographic separation
used a C18-reversed phase chromatographic column (HSS T3 2.5 um, 2.1 mmx50 mm), the mobile phase was meth-
anol/water (containing 0.05%o formic acid), and gradient elution was carried out at a flow rate of 0.3 mL-min™.
Mass spectrometric detection used an electrospray ion source, positive ion mode and multi-reaction monitoring
method. The selected quantitative ions for sinomenine, ligustrazine, gabapentin, paracetamol, pregabalin, amitripty-
line and internal standard naloxone were 330/181, 137/80, 172/154, 152/110, 160/142, 278/233 and 328/310 respec-
tively. The specificity, linear range, matrix effect, accuracy, precision, stability and probe recovery were investigated
and confirmed to be suitable for the determination of the above drugs in rat blood and brain extracellular fluid
microdialysate. The calculated in vivo recovery of microdialysis probes ranged from 19.38% to 25.88%. After intra-
venous administration of sinomenine (50 mg-kg™"), ligustrazine (50 mg-kg™"), gabapentin (50 mg-kg™"), paracetamol
(50 mg-kg™"), pregabalin (50 mg-kg") and amitriptyline (40 mg-kg') to rats, the peak concentration in the blood
microdialysate was in the range of 0.2-10 pg'mL™". Drug concentrations could also be detected in brain extracellular
fluid microdialysate, however with lower levels (peak concentration: 0.1-6 ug-mL™") than those of blood microdial-
ysates at each time point. In conclusion, this method can be applied to microdialysis sampling and quantification of
sinomenine, ligustrazine, gabapentin, paracetamol, pregabalin and amitriptyline in rats. The method will promote
research in identifying herb-drug pharmacokinetic interactions, as well as safety concerns in combination-therapy
strategies.
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Table 1 Ions and fragmentations used in multiple-reaction monitoring mode for each component
MRM Dwell Declustering Collision Retention
Component .. . . . .

(transition) time/ms potential/V energy/eV time/min
Sinomenine 330/223 80 158 37 119
Sinomenine quantifier 330/181 80 158 44
Ligustrazine 137/122 80 74 41 389
Ligustrazine quantifier 137/80 80 74 41
Gabapentin 172/137 80 50 22 159
Gabapentin quantifier 172/154 80 50 19
Paracetamol 152/93 80 30 30 125
Paracetamol quantifier 152/110 80 30 24
Pregabalin 160/83 80 28 21 153
Pregabalin quantifier 160/142 80 28 16 ’
Anmitriptyline 278/91 80 21 32 415
Anmitriptyline quantifier 278/233 80 21 25
Internal standard (naloxone) 328/253 80 50 38 105
Internal standard (naloxone) quantifier 328/310 80 50 28
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Figure 1 Product ion spectra and chemical structures with the

fragmentation pattern of each compound (A: Sinomenine; B:
Ligustrazine; C: Gabapentin; D: Paracetamol; E: Pregabalin; F:
Amitriptyline) and internal standard (G: Naloxone). The precursor
ion and the major product ions are marked with a thick bar in the

figure. All chromatograms have been normalized to the largest peak
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Figure 2 Representative total ion chromatograms and extraction ion chromatograms of rat blank blood and brain microdialysate samples
(A and D), rat blank blood and brain microdialysate spiked with LLOQ and internal standard (naloxone) (B and E), and the blood and brain
mixtures of six microdialysate samples (C and F) collected from 0-20 min after the intravenous administration of sinomenine (50 mg-kg™),
ligustrazine (50 mg-kg™"), gabapentin (50 mg-kg™), paracetamol (50 mg-kg"), pregabalin (50 mg-kg™") and amitriptyline (40 mg-kg™) to rats.

The quantifier multiple-reaction monitoring transition and retention time is indicated and shown for each compound

Table 2 Calibration curve parameters of each component in rat blood and brain microdialysate samples. LLOQ: Lower limit of quantification

Biomatrix Component Regression equation r Linearity range/ng-mL"! LLOQ/ng'mL"!
Blood microdialysate Sinomenine Y=16 880X + 68 600 0.992 2.0 - 5000 2.0
Ligustrazine Y=4419 X + 41 600 0.996 10.0 - 5000 10.0
Gabapentin Y=298 009 X + 111 820 0.991 0.5-5000 0.5
Paracetamol Y=106 898 X + 232 110 0.999 2.0 -5000 2.0
Pregabalin Y=163 030 X + 252 147 0.997 4.0 - 5000 4.0
Amitriptyline Y=326479 X + 611 878 0.997 0.5-5000 0.5
Brain microdialysate Sinomenine Y=18223 X + 61 700 0.995 2.0 5000 2.0
Ligustrazine Y=4500X + 40400 0.994 10.0 - 5000 10.0
Gabapentin Y=290064 X + 123 042 0.992 0.5-5000 0.5
Paracetamol Y=102617 X + 212 460 0.998 2.0 - 5000 2.0
Pregabalin Y=156553 X + 178 182 0.998 4.0 - 5000 4.0

Amitriptyline Y=344383 X + 1000310 0.993 0.5 -5000 0.5
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Figure 3 Concentration-time profiles of blood and brain microdi-
alysate samples after intravenous administration of sinomenine (A,
50 mgkg™!), ligustrazine (B, 50 mg'kg™'), gabapentin (C, 50 mgkg™),
paracetamol (D, 50 mg-kg"), pregabalin (E, 50 mg-kg') and ami-
triptyline (F, 40 mg-kg™") at a perfusate flow rate of 1.5 puL-min’
using blood and brain microdialysis probes (4 mm-effective mem-

brane length and 20 000 molecular weight cut-off) in rats

g
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. vive) and recovery in vivo (R,, ;) of microdialysis probes

(4 mm-effective membrane length and 20 000 molecular weight cut-off) for each component at a perfusate flow rate of 1.5 pL-min™ in tubes

andrats. n=3,x*s

Blood Brain
Component R Do Do R R D D R
Sinomenine 21.66 +1.91 21.17+£0.93 20.82 +1.47 21.31 20.43 £4.19 21.65+0.79 20.54 +4.68 19.38
Ligustrazine 21.09+4.23 27.70 £3.41 27.07 £6.77 20.61 18.04 +1.8 2410+ 7.71 26.86 + 3.49 20.11
Gabapentin 26.19 +£ 6.46 16.96 £2.61 16.76 £ 6.12 25.88 26.81 +8.74 19.68 £ 1.08 17.24 £0.99 23.49
Paracetamol 26.27+£0.77 23.56 £2.11 21.37£0.63 23.83 2431 +2.49 23.34+1.86 20.39 £ 1.09 21.24
Pregabalin 24.20 +4.85 18.69 £ 1.06 19.10 +0.99 24.73 23.14+6.18 20.60 +1.32 22.56 +£2.44 25.33
Anmitriptyline 26.62 +2.55 29.16 £ 0.33 26.17 £ 4.55 23.89 21.42 +0.47 30.72 £ 4.96 30.56 +3.19 21.31
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