In-depth Bioanalytical Investigation and Root Cause Analysis of Lamotrigine Severe Degradation in
Hemolyzed Plasma Samples by LC-MS/MS
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OVERVIEW

« Purpose
—Overcoming degradation of lamotrigine in
hemolyzed plasma due to the presence of organic
solvent.
« Method
—Calibrants and QC samples were spiked in human
plasma with a range of 5.00 to 1500.00 ng/mL.
—Hemolyzed QC samples were prepared at 1% and
5% hemolysis, with and without the addition of
0.4% H,PO, as preservative, and storage
conditions at -20°C and -80°C.
—Additionally, one set of QCs had the spiking
solutions evaporated and reconstituted with 5%
hemolyzed plasma before storage at -20°C and
0°C.

* Results

—The results demonstrate that at 1% hemolyzed
plasma, lamotrigine was stable at -20°C for a
storage period up to 71 days. However, 5%
hemolysis showed degradation up to 31%.

—The addition of 0.4% H;PO, showed degradation
up to 21% for 47 days at -20°C

—The QC samples without the organic solvent
(spiking solution evaporated and reconstituted
with matrix) showed a bias less than 10% for a
period up to 71 days, both at -20°C and -80°C.

—The hemolyzed samples stored at -80°C showed a
bias less than 10% for 71 days for both hemolysis
levels. The rate of degradation was controlled by
storing the samples at a lower temperature.
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Regulatory agencies may require that hemolyzed
samples be tested during the course of method
development and validation of a bioanalytical method.
Hemolyzed plasma has been demonstrated to pose
bioanalytical issues for certain drugs and/or
metabolites due to analyte degradation, recovery
issues, matrix effect or adsorption to blood
component(s). Stability of analytes in hemolyzed
plasma can be overcome by storage temperature,
addition of preservatives or the modification of different
extraction conditions. In the present work, an in-depth
bioanalytical investigation and root cause analysis of
lamotrigine (Figure 1) stability in hemolyzed plasma
was performed.

Figure 1: Lamotrigine and Lamotrigine-**CD,
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LAMOTRIGINE Lamotrigine-13Cl
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Chemical Formula: Cg'*CH,D;Cl,Ng
Exact Mass: 259.03
Molecular Weight: 260.10

Chemical Formula: CotH,CL,Ny
Exact Mass: 255.01
Molecular Weight: 256.09

METHODS

SOLUTION PREPARATION

Stock and spiking solutions (Lamotrigine and
Lamotrigine-'3CD, 250.00 pg/mL and 100.00 pg/mL
respectively) were prepared in ACN: H,0 50:50% (v/v)

SAMPLE EXTRACTION

+Analytical range: 5.00 to 1500.00 ng/mL
+Lamotrigine and Lamotrigine-'3CD; were extracted
from human plasma using a liquid-liquid extraction.

CHROMATOGRAPHY

*HPLC System: HPLC System: Agilent Technologies

Series 1100

+Column: XBridge C18 50 X 2.1 mm, 5 ym

*Mobile phase: 10uM K,EDTA, 10mM ammonium
bicarbonate pH 8.0 in H,0 and MeOH

DETECTION

*Mass Spectrometer: AB Sciex API3000
«Electrospray positive ionization
*Lamotrigine: m/z 256.1 /211.0
~Lamotrigine-'3CD;: m/z 262.0 / 217.0

RESU

Hemolyzed plasma can impact analytes stability during
storage. In this study, the stability of lamotrigine in
hemolyzed plasma was investigated under four different
conditions. The stability of lamotrigine was evaluated over
time at 1% and 5% hemolyzed plasma. The use of a
stable-labeled internal standard ensured that the observed
stabilities where not due to ion suppression/enhancement
from matrix, but the actual degradation is seen in
hemolyzed samples. The hemolyzed plasma quality
controls samples used for stability evaluations were
compared to freshly prepared quality control in hemolyzed
plasma.

The stability of lamotrigine in hemolyzed plasma was
evaluated under the four following conditions:

« Storage temperature: -20°C and -80°C

« Preservative: 0.4% H;PO, and stored at -20°C

* Removal of organic solvent used to fortify (spike)
samples: evaporation of spiking solution and
reconstitution with hemolyzed plasma

STORAGE TEMPERATURE AT -20 °C

The results demonstrated that at 1% hemolysis,
lamotrigine was stable at -20°C for a storage period up to
71 days (Table 1). However, 5% of hemolysis showed
biases of -16% to -31% for 21 and 71 days, which is
greater than the acceptance criteria of 15% (Table 2).

Table 1: Stability of Lamotrigine in 1% Hemolyzed
Samples Stored at -20°C for 71 Days

Toncentration (ng/mL) 71 Days
15.00 1125.00

Comparison__St Comparison _S!

165 14.79 1104.62 1061.22
15.3 14.83 1117.27 1045.99
15.7 14.69 1147.05 1040.17
Mean 15.84 1477 1122.98 1049.13
s.D. 0.58 0.07 21.79 10.87
N 3 3 3 3
% C.V. 3.6 0.5 1.9 1.0
% Nominal 105.6 98.5 99.8 93.3
%% Deviation 6.8 66

Table 2: Stability of Lamotrigine in 5% Hemolyzed
Samples Stored at -20°C for 21 and 71 Days

Table 4: Stability of Lamotrigine in 5% Hemolyzed
Samples Without Organic Solvent Stored at -20°C
for 71 Days

T
1500 ng?;n 1500 25t Concentration (ng/mL)
Comparson _ Stabity _Comparsan_ Stabity Gomparson_Siabity Sampariso _ Stabiy Low QC 15.00 High QC 1125.00
Tee e 1w %82 65 1073 106 62140 Comparison__Stability _Comparison__Stabilit
M3 ote 1m0 w1 13 105 11727 85078 = 165 1538 110462 112298
183 1213 tosess  oores 157 Mo 1470s  esie
Ven  Tet 1208 110809 62153 TSer f0s4 11206 84133 183 1613 T2y 113479
S0, o051 008 28 4% 058 o0 2178 1% —_— 16620 114705 13074
N 3 3 3 3 3 3 Mean 7584 15.90 1122.98 1132.50
CV. 5 07 o 15 18 21 SD. 058 0.45 21.79 8.61
SNomnal 79 805 983 19 w056 129 098 N 3 3 3 3
% Deval T il T % C.V. 36 238 1.9 08
% Nominal __105.6 106.0 998 1007
% Deviation X3 08

IN'PRESENCE OF PRESERVATIVE

Lamotrigine stabilities in hemolyzed samples containing
0.4% H;PO, as preservative were within the acceptance
criteria at the two hemolysis levels for 21 days (data not
shown). However, after 47 days of storage, a bias
between -10.6 to -21.1% was observed. The addition of
acid as preservative could be a solution for a short period,
but over time stability was not controlled (Table 3).

Table 3: Stability of Lamotrigine in 1% and 5%
Hemolyzed Samples Containing 0.4% H;PO, Stored at
-20°C for 47 Days

55 Hemalyzed Plasma
Concenraion (ngiL) ‘Concentraton (ngnL)

Comparson _Stabilty _Comparison _Stabilty Comparison _Stabilty _Comparison _ Stabiity

== 57 e  f0mes 0010 157 1259 109466 100561
166 1398 11922 102815 186 1278 116922 102238
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Ve 6 286 114105 100945 7605 1267 114105 102040
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N 3 3 3 3 3 3 3
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%Nomnal 1070 856 1014 807 w070 sas 1014 g07

% Devabon 00 B ] 08

REMOVAL OF ORGANIC SOLVENT

The set of hemolyzed samples, without organic solvent
(spiking solution evaporated and reconstituted with
matrix), showed a bias less than 10% for a period up to
71 days at -20°C and -80°C. The root cause analysis
showed that the organic content present in lamotrigine
spiking solutions was greatly impacting the stability of
lamotrigine in hemolyzed samples. This test is more
reflective of incurred samples since there is no presence
of organic solvent or additive in incurred hemolyzed
samples. The data of the stability performed at -20°C is
presented in Table 4 and at -80°C in Table 5.

Table 5: Stability of Lamotrigine in 5% Hemolyzed
Samples Without Organic Solvent Stored at -80°C
for 71 Days

Toncentration (ng/mL)
Low QC 15.00 High QC 1125.00

Comparison__Stability _Comparison__Stability
5.7 14

82 116577 7029.18
14.1 14.95 1098.87 1178.85
152 14.42 1136.33 1109.40
Mean 74.98 14.73 1133.66 710581
sD. 078 0.27 3353 74.90
N 3 3 3 3
% C.V. 52 19 30 68
% Nominal 999 982 1008 983
% Deviation 7 25

STORAGE TEMPERATURE AT -80°C

The hemolyzed samples stored at -80°C had a bias less
than 10% for 71 days for both hemolysis levels. The rate
of degradation was controlled by storing the samples at a
lower temperature (Table 6).

Table 6: Stability of Lamotrigine in 1% and 5%
Hemolyzed Samples Stored at -80°C for 71 Days

9 Hemolysss sored al 80°C for 71 days
Concentation (gim)

5% Hemolyss siored a1 80°C for 71 Gays
Concentration (nghnL)
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CONCLUSION

In conclusion, hemolysis can impact the stability of an
analyte over time. Lamotrigine was shown to be stable in
hemolyzed plasma by removing the organic solvent in the
matrix or by storing the samples at -80°C.
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