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Materials and Methods

Exparel® constituents

Table 4. Comparison of labelled value and experiment results of

Table 7. Quantification of minor constituents in Exparel®

_ _ _ _ o o Sample 1, Percentage of Sample 2, Percentage of
Exparel® is a multivesicular liposomal formulation (MVL) of bupivacaine, The Exparel® was dissolved in methanol and the bupivacaine and lipid B Univaca; T i | chol I Hipid mg/L (mM) o ! mg/L (mM) Rl
which provides sustained release at the site of injection resulting in analyses were performed on a Waters C8 column, (2.1mmx100 mm, particle Constituent uplva/CLalne DPPG ma/l | DEPC malL ncap/rﬁ/m ’ es/tLero PC (16:0_20:4) 18.340 £ 1.013 0.086 20.671 £0.989 0.095
prolonged anesthetic effect. We developed a LC-MS based analytical size 1.7 pm) with a mobile phase flow rate of 400 uL/min with aqueous 0.1% ONSTUENS | MY m9 M9 Ll LU i (0,023 +0.001) ' (0.026:0.001) '
method to identify and quantify active pharmaceutical ingredients, lipids, formic acid (FA),10 mM ammonium formate (AF) as the mobile phase A, and PC (16:0_18:2) (0.008 + 0.001) 0.028 (0.010+0.001) 0.039
minor lipids, and cholesterol oxidation products in two batches of Exparel® 0.1% FA, 10 mM AF in methanol as mobile phase B. The 10 mM AF was Labelled data 13.3 0.9 8.2 2.0 4.7 PC (16:0_18:1) (202683703+101610721) 0.11 %g'ggg’j)lé%g 0.096
Injectable liposomal emulsion. used in both mobile phases to reduce peak broadening through ion-pair . — 138.215 % 3.296 124375 +3.089
formation Experimental PC (16:0_2249) (0.171 + 0.004) 0626 (0.154+0.004) 0.553
' data  |13.055+0.633| 0.896+0.021 | 8.044£0.351 | 2.036+0.065 | 4.606+0.194 ~c 180 191 | $510% 1735 - 30.037 £2.045 -
. ] o o ] Nl (0.045 £ 0.002) ' (0.038+0.003) '
I n tro d u Ctl O n Ta.ble 1. B|nary pump methOd fOI’ AP and I|p|d quant|f|Cat|On « Data presented as mean * standard deviation, N=6 PC (16:0_22:6) zgggg.ioso%%? 0.342 ?(())gé_g-l_iozo?)i()) 0.295
S | Table 5. Quantification of cholesterol oxidation products in Exparel® PC (17:0_22:4) PN 0.093 o 0.079
Exparel® (bupivacaine) MVLs possess a unique structural assembly of _ _ (J.000ub. ) Be 2
multiple polyhedral chambers separated by lipid septal, providing a Total time Flow Rate/ uL min-t A% B% X X PG (14:0_14.0) (0.08020.003) 0.294 (0.07640.006) 0274
prolonged release with the erosion of lipid membranes. 0.00 400 75.0 25.0 Batch 7-0X0- Mole-% Compared | 7a-hydroxy- | Mole-% Compared PG (16:1_18:1) YA 0.117 A, 0.134
cholestenone, ug/ | to total cholesterol cholesterol to total cholesterol 4 oo 32.293 +2.024 24.334 +1.469
DepoFoam liposome 2.00 400 75.0 25.0 H9 PG (18:1_22:1) (0.039+0.002) 0.143 (0.029+0.002) 0.105
8.00 400 0.00 100.0 mL (mM /mL (mM 5 9. 29.820 +1.597 28.768 +2.223
: l 1es 12.00 400 0.00 100.0 1 33.16 | 2 1)’517 0.711 £ 0.050 123986 (1 66)3 0.400 £ 0.035 S 1755 1,260 = 561 15 058 -
oo TR T™ - . . . . + Z. . + U. . + 1. . + 0. _ _ 17.488 £1.268 24.511 £2.058
e ‘f'z'\_, PG (18:0_22:4) (0.021+0.002) 0.078 (0.030+0.002) 0.107
3 3’% 12.10 400 75.0 25.0 (0.083 + 0.006) (0.047 + 0.004) oG (19:0 22:0) 18.392 £1.426 o8 15271 £1.166 o
52 M =& el (0.022+0.002) | (0.018+0.001) |
33 15.00 400 73.0 25.0 2 25.83 +2.003 0.534+ 0.041 | 9.841 +0.788 | 0.202 +0.016 P 38.500 £3.962 40.226 £1.362
oy Y B/ &3 (0.065 + 0.005) (0.024 + 0.002) PE (12:0_18:4) 24.217 £1.197 0118 17.885 £0.910 0083
5. . = (0.031+0.002) ' (0.023+0.001) '
’ . ESI ionization was used for the analysis, except for the cholesterols, and the ~ * Data presented as mean x standard deviation, N=6 TG 128.683 £5.363 0527 126.543 £3.460 0.509
259 . . L S . . . . . ® (12:0 22:6 22:6) (0.144+0.006) | (0.141+0.004) '
- | data were acquwed In positive mode with: nitrogen sheath gas temperature Table 6. Classes of minor I|p|dS identified In EXparel TG 34 665 +1.537 0161 30.813 +0.992 014
https:/www.bestvasectomy.com/vasectomy/exparel-and-vasectomy-extended-pain-relief-with-extended-release-local-anesthetic/ Of 350 OC, at 11 L/m|n, nebUIizer pressure at 60 pS|, the Caplllary Voltage at (1520_1520_17:1) ii%déiiooogj% . (g?ggi%%%]é) .
Figure 1. Liposomal Exparel® MVL formulation 3500 V; the fragmentor voltage at 175 V. APCI ionization source was used | pp copavidic Phospho- | Phospho- |Phospho- | Phospho- Triacylglycerols PA14:0_12:0 (0.02620.002) 0.095 (0.0170.001) 0.062
for the cholesterols ionization. All the major lipids were quantitatively Acid (PA) glycerols cholines |serines ethylamines TAG) PA 14:0 140 5(’73555%%10%2‘)‘ 0.21 ?ggjzlélo%%i 0.151
. . . . e nalyzed, while the minor lipids were analyz ither ntitatively or semi- Cl 138 11 328 4(
The structure and functionality of these liposomes are dictated by their lipid analyzed, e the minor lipids were analyzed either quantitatively or se (PG) (PC)  |(PS) (PE) PA12:0_17:0 1as8 21078 0.117 22,328 £0.991 0.132
- - . guantitatively depending on the availability of standards. (0.032+0.002) (0.037+0.001)
composition, thus providing a broad platform for the drug delivery DA 200 292 28.275 +1.184 0131 23.564 0.528 0107
applications. Given the importance of liposomal lipid composition and their (14:0_12:0) | (14:0_14:0) |(16:0_20:4)|(21:0_22:6)| (12:0_18:4) |(12:0_22:6_22:6) — 2030000, (L EoE Bl
effect on drug incorporation, drug stability, and release properties, the nS 210220 (0.037+0.002) 019 (0.026:0.001) 009
quantification of lipid components is an essential aspect for a complete R It d D ' (12:0 17:0) | (16:1 18:1) |(16:0 18:2)|(18:0 18:1)| (18:0 18:1) [(15:0 17:1 15:0) PS 18:0_18:1 %ggs}félo%%? 0.125 %333;%%%5 0.081
. - eSulits ah ISCUSSION Py 92220
evaluation of the formulation. PS 17:0_21:0 so25a 20T 0.162 o 0.112
In this study, we utilized a novel UHPLC-ESI-QTOF method and SimLipid® (14:0_14:0) | (18:1_22:1) |(16:0_18:1) |(17:0_21:0) — e Ty TR 655
hlgh thro_ughput lipid |dent|f|c_at|on software t_o |de_nt|fy gnd guantify all the Table 2. API Bupivacaine quantification (20:0 22:2) | (18:2 22:2) |(18:0 18:1) - Data presented as mean % standard deviation, N=6
major lipids, cholesterol, active pharmaceutical ingredients (APIl) and its .
enantiomers in two batches of commercially available Exparel® injectable - _ S - (18:0_22:4) |(16:0_22:4) CO N CI usion
liposomal drug formulation. acemics ) ) Ratio (19:0 22:4) |(16:0 22:6) . A LCMS-HRMS hod develoned for th on. identificat
The same method was utilized to identify and quantify 24 minor lipids and Sample | Lot No: | Bupivacaine, |levobupivacaine,|dextrobupivacaine = = -AkM= methods was evelopea tor t-e Separa_\tlon, ident _|cat|on,
two cholesterol oxidation products where the two batches of Exparel® were mg mL mg mL. /mg mL-! R:S (17:0_22:4) and qugn_tlflcatlon of the API (bupivacaine), its _engntlomers, major and
found to contain 4.3% and 3.7% of minor lipids content compared to the minor lipids, cholesterols, and cholesterol oxidation products in the
total amounts of lipids. Batch 1 |20-4012| 12.92 +0.16 6.800 £ 0.130 6.698 + 0.180 1:1.01 12.0k Exparel® multivesicular liposomal drug formulation.
Batch2 |21-6005| 13.18+0.24 | 6.902 +0.130 6.782 +£0.100 |1:1.01 EE Eg;z’”i) E;Zi o « All the lipids were quantitatively or semi-quantitatively analyzed and a total
/\/\/j/\ 10.0k — o 192.223 (5509 16 15:0.150.171 (5588 of 24 different minor lipids were identified in the samples which belong to
HTW/O o 0°>0 - Data presented as mean * standard deviation, N=6 PG 19:0_22:4 (6.011) six different lipid classes.
N PC 16:0_18:2 (6.496 . . . . . o . .
o Cholesterol /\/\/\)ko&e\ 80k d  Pa1e0.120 (5300 pclefo:zzfsgs.zzsi e Out of the minor lipids identified, 22 were phospholipids and the others
Bupivacaine Wfd H Table 3. Quantification of major constituents in Exparel® @ iﬁi‘z‘igzi?iﬁfiﬁiii n re 160 182 6342 were triacylglycerols.
. . O PA 20:0_22:2 (4.848 PC 16;0_22;4 6:061 . .
o o o Tricaprylin > e o " e 150 ot (6 200 « 2 cholesterol oxidation products (CODs; 7-keto cholestenone and 7a-
: = o 18:0 1841 (6,683 hydroxycholesterol) were identified and quantified in Exparel® sample.
O/%\OBP\O/\AOH oo | Lot N DPPG, mg/L | DEPC, mg/L |Tricaprylin, mg/L| Cholesterol, % ve 12:0_48:0 (6,750 yaroxy ) q p p
0) = OH atc ot No: = I .
I DPPG (m) (mM) (m) mg/L (m) £ 40 | Acknowledgement and Disclaimer
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Figure 2. Major Constituents of Exparel® liposomal formulation Time (minutes)

« Data presented as mean * standard deviation, N=6 _ _ . _ ®
Figure 3. lon chromatogram of minor lipids found in Exparel





