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Chapter 3

5.1 Introduction

Lipids uzed in gene delivery differ in their transfection efficiencies due to the
cationic nature due to charge based interaction. These differences are majorly due to the
differences in the physicochemical nature of the cationic lipids and different formulation
strategies emploved to formulate into a gene delivery vehicle, Modification of structure of
the lipids can be utilized to impart certain physicochemical properties to the lipids which
can ke helpful in their therapeutic use. Such properties can bei.e changed spatial structure
of the lipid, change in the ionization behawvior of the lipid, buffering effect These features
can help impart, into the gene delivery system, the unportant effects such as protection of
the nucleic acid cargo from body milien, higher transfection efficiency, low cytotoxicity
etc. In the present investigation, a low molar amount of stearyl amine which has shown
transfection efficiency even to the cell lines which are resistant to the transfection by zsome
commaonly used cationic lipids has been selected as cationic lipid MModification of helper
lipid, D'EPE was carned out using amine acid derivatives to modify its physicochemical
characteristics. The feature of these lipid 15 the presence of free amine group which lends
us the possibility to modify it using common conjugation strategies such as EDC-NHS

coupling.

5.2 Materials and Methods

5.2.1 Synthesis of modified lipids

Syntheses of Boc-histidinylated DEPE (Boc-His-DSFPE) and Histidinylated DEFPE
{His-DEPE) were carried out by EDCTHS coupling method (1) (Figure 5.1 Enefly,
Boc-Histidine, Ethyldimethylaminocarbodiimide (EDCY  (Merck, India) and M-
hydrozysuccinimide (MTHS) (Merck, India) were taken. Carboxyl group of Boc-amine acid
(ot Boc-carnosine for preparation of Boc-Camosylated DEFE) was activated by carrying
out reaction in agquecus media at pH ~5-53.5 (zet with 10 nhI MES buffer) with EDC and
MHS for 30 minutes. DEPE was added to the reaction mixture and dissolved by adding
sufficient quantity of chloreform:methanol mizture (4:3 by wolume). The reaction was
carfied out for 1 day at room temperature. Synthesis was confirmed by preparatve TLC
analysis using CHClz MeOH-HAc (54 6:0.4 volume ratio) as a mobile phase Eeaction
mixture was evaporated in rotary evaporator and solid residue left was suspended in water

by sonication. Aqueous suspension was centrifuged to pellet the compound and again
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resuspended in water Aqueous suspension was dialvzed against water overnight for
complete removal of unconjugated Boc-Histidine, EDC and MNHS. Compound was
solubilized in the CHClsMeOH - Hic (5:4.6:04 volume rato) and eluted through silica
gel column for punfication. Isolated compound was evaporated in rotary evaporator and
reconstituted in distilled water by sonication. Dispersed compound was freeze-dried until
uszed For synthesis of His-DEPE, Boc-His-DSFE was treated with excess of hydrochloric
acid cleavage cocktal (HCLMeOH CHClyAnizele 3450501 wvolume ratio) and
allowed to react overnight to remove Boc protection. The reaction mixture was dred in
rotary evaporator and dried residues were then washed with methanol and water = titnes to
remove traces of reactants and hiproducts.
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Figure 5.1 Synthesis of histidine conjugated DSPE
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Figure 5.2 Synthesis of Boc-carnosine

For synthesiz of carmosine {dipeptide of alanine and histidine) modified lipids, free
amine group of carnosine was protected using Boc anhydride (dibutylpyrocarbonate)
Figure 5.2 Briefly, dibutylpyrocarbonate and carnosine (Sigma, TSA) were dissolved in
a mizture of ACHMeOH. THE H2D (6:5:2:2 wveolume ratio). Eeaction mizture was
alkalinized by sodium kicarbonate and reaction was carried out at room temperature for 1
day. Positive reaction was confirmed through thin layer chromatography of reaction
mixture using suitable mobkile phase. After 1 day, reaction muzture was dned under
vacuum at 60%C in rotary flask evaporator. The Boc-carnosine was isclated using
methanol. Methanol extract of Boc-carnosine was centnfuged and supematant was
evaporation under vacuum in rotary flask evaporator. Three subszequent extraction and
washing were petformed to get pure product. The product was confirmed by FTIE and
HME. spectra of the product. Synthesized Boc-carnosine was used in similar fashion as
Boc-histidine to synthesize Boc-Car and Car modified lipids. Similatly, synthesis of Boc-

Arg-DEPE was accomplished Deprotection of the Boc-protected lipids was performed
using same methodology to get Car-DSPE and Arg-DEPE.

Momenclature used for different compounds and different synthesized lipids is
shown in the Tahle 5.1
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Tahle 5.1 Nomenclature of different compounds and synthesized lipids
Amino acid EBoc

Lipid derivative | Protection TNomenclatire
Distearoy]-sx-
glycerophosphoethanclamine i ) Lekl
. Histidine . Hiz, H
= Hizti dine FPrezent Eoc-Hiz, BEH
- Carnosine - Car,
- Carnosine FPrezent Eoc-Car, BC
- Aroinine - Arg b
- Arginine Present Boc-Arg BA
e Boc-His-DSPE,
DEFPE Histidine Fresent BHDSPE
DEPE Histidine B Hi:-DEFE, HDEFE
. Boc-Car-DEPE,
DEPE Carnosine Fresent BCDSTE
DEFPE Carnosine - Car-DEZPE, CDEFE
¢ Y Boc-Arg-DSFE,
DEPE Arainine Fresent BADSPE
DEPE Arginine - Arg-DEPE BADEPE

Efficiency of conjugation of the amine acid derivatives to the lipids (DEPE) was
determined by canrying out the THES assay (For Boc-His-DEPE, or Sakaguchi assay for
Boc-Arg-DEPE, described in Chapter 3-Analytical Methods) Conjugation reaction was
carfied out and the liptd mizture (unconmgated and conjugated lipids) 1zelated after
dialysiz was lvophilized and used for analysziz. For Boc-His and Boc-Car modified lipids,
brefly, appropriate quantities of the lipids were disselved in the reaction solvent and
reaction with THNES was carried out. Amount of free amine groups were determined and
unreacted DEPE were calculated based on the calibration curve Molar conjugation
efficiency of the reaction was calculated based on the initial molar concentration of the
lipid taken for reaction and molar concentration of free lipid (hon-reacted) after the
reaction. Blank and control expenments were performed using samples without lipid and
lipid solution without TIHES respectively to negate any effect of reagent mix and lipids.
For Boc-Arginine modified lipad, appropriate quantity of lipid was dissolved in the
reaction solvent and Sakaguchi reaction was performed on the synthesized lipid The
molar concentration of the guanidine (arginine) was determined based on the standard
calibration curve of the arginine. Molar conjugation efficiency was calculated based on the
theoretical molar concentration of the lipid and molar concentration of lipid determined

after the conpugation. Blank and control expenments were performed using samples
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without any arginine and lipid without reagent mix to negate any effect of reagent mix and

lipid.

5.2.2 Physicachemical characterisfics of the hipids and pH fitration study:

Fredicted physicochemical characteristics of the lipids were evaluated for
feasibility of their usze in gene delivery. pEa and log P prediction were taken according to
the Chembxon (T34 Based on the pEa characteristics, %uionization of the lipids was

calculated using Henderzon-Hasselbalch equation.

cynthesized lipids were evaluated for thewr buffenng capacity and for pEa
determination. Lipids were dissolved in appropriate solvent mixture comprising of
WeOH:H20 or MeOH:CHCl5HaO to enable aqueous titration. The pH of the solvents
were set to pH 10 using 0.1 MNaOH zolution and reaction mixture was titrated with fixed
small sequential quantities of 0.1 HCl solution and pH was recorded after each addition.
The pH titration curves (pH vs wolume of titrant added) were generated Ewen though at
somme points phospholipids were showing precipitations, vet the titration was able to

distinguish the pEaregion of different amine functions.

5.3 Results and discussion

structures of the synthesized DEPE base lipids are shown in the
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Figure 5.3 Structures of the synthesized lipids were fed to Chemicalize org
(ChemAwxon) and predicted physicochetnical propetties of the lipids 1e log P and pEa

values of the aminoe functions were denved.

Initial synthesis of the lipids was confirmed by TLC analysis using
CHClzMe OH:HAc mizture as mobile phase and spots were detected for synthesized

lipids. TV spectroscopy showed that the TV absorption charactenstic of Boc-His was
retained in the Boc-His DSPE (Figure 5 8).
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Figure 5.3 Structure of DSPE and DSPE hased lipids {(Value at amine groups

indicates the calculated pKa of that group according to Chemaxon (Chemicalize.org)

Conjugation efficiency of the method for coupling different amine acid denvatives
to the lipid after the reaction period was evaluated using etther THEE assay or Sakaguchi
assay (Described 1in Chapter 2, Analytical IMethods). Few reaction parameters for
conjugation such as reaction time, ratio of lipid to amine acid derivatives were evaluated
to evaluate the unpact of these parameters on the conjugation efficiency. The results are
sumtarized in the Tahble 5.2 Based on these limited screening, the reaction period of 24
hr and amine acid denvative to lipid mole ratio of 051 was used for the synthesiz of
lipids. Molar conjugation efficiency of the selected method for different lipids 15 depicted
inn Tahle5.3.

Table 5.2 % molar conjugated lipids in the reaction mixture after dialysis post
reaction period

DJlolar ratio
of amino . % molar
Lipid acid Real:.t o conjugated
derivative to period lipid
lipid
1:1.5 1 day 26,6162
1:0.75 1 day 69 B+5.6
Boc-Hiz-DSFE 1:0.5 1 day B0 1£3.1
1:0.25 1 day 72649
1:0.5 2 days TR 652
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Tahle 5.3 % molar conjugated lipids in the reaction mixture after dialysis post
reaction period

Molar ratio
of amino > % molar
Lipid acid Reac.t 1o conjugated
derivative to peraog lipid
lipid
Boc-His-DEPE 14615 1 day 20 T3]
Boc-Car-DSPE 2 [ 1 day 74 B4 7
Boc-Arg-DEPE 1205 1 day 85,2433

Bocprotection of carnosine was seen as rightward shift of the TV absorption
spectrum of carnosine (Figure 5.4) NME spectra of Boc-camosine (Boc-Car) showed
presence of BOC protons at & 1.33 ppm (Figure 5.3) (2). IE spectra of Boc-carnosine
show abserption at 1597 cm™, 1660 cm™ and 1694 em™ indicating the presence of C=0
stretch of “CONH- of peptide linkage, C=0 stretch of -NHCOO- of BOC protected amine
and C=0 stretch of carboxylic acid respectively (Figure 5.6). Disappearance of doublet
representing the ptimary amine stretch of carnesine at ~3100 cm™ and 2200 cm™! and
strong M-H stretching absorptions at 3300 cm™ and 3350 em™ representing —CONH- of
peptide bond and —MNHCZOO- of carboxamide group of Boco protection confirm Boc

protection of carnosine.

After synthesis of Boc-Car, DEPE was modified using Boc-Car. After conjugation,
TV spectra of Boc-Car conjugated lipids were recorded and the presence of Boc-Car was

confirmed through presence of TV absorption similar to Boc-Car in the synthesized lipids

{Figure5.7).
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Figure 5.4 UV spectra Carnosine and carnosine isolated after Boc protection

{x-axis: wavelength, y-axis: absorbance)

A: carnosine

B: Boc-carnosine

I.J L \lnlh

Figure 5.5 NMR spectra of Carnosine and Boc-C arnosine
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Figure 5.6 IR spectra of Carnosine and Boc-Carnosine
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Figure 5.7 UV spectra of DSPE, Boc-Car and Boc-Car-DSPE (x-axis: wavelength, v-

axis: absorhance)
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Figure 5.8 UV spectra of DSPE, Boc-His and Boc-His-DSPE (x-axis: wavelength, y-

axis: absorhance)

similarly, successtul syntheses of DEPE, Boc-Hiz-DESPE and Boc-Hiz was
confirmed by UWY spectroscopy (Figure 5.8). Further, lipids were confirmed by FTIE
spectroscopy, and mass spectrotmetty (See attached supplementary spectroscopy images at
the end of the thesiz) (3. FTIE spectra of synthesized lipids showed one or more of the

following characteristics which confirmed the structure of the compounds:

o amide —NH- stretching band at ~3300-3500 cm™! characteristic of the amide
function of the synthesized lipids.

» amide carbonyl stretching band at ~1620 to 1680 cm ™

o characteristic -C=I- and —C=C- stretching bands between 1620-1690 cm
indicating the presence of guanidine C=INH of arginine modified DSPE and -C=C-
and —C=I- of aromatic imidazole ring of histidine and camosine modified DEFPE.

» secondary amide —IH- stretching at 1450-1550 cm™

®  aromatic —C=C- stretching

Waszs spectra of synthesized lipids were recorded to evaluate charactenistic peaks of the

synthesized compounds. Charactenistic mfz values observed for different compounds are

chown in Table 5.4,
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Tahle 5.4 Characteristic mass spectra ohservations of synthesized compounds and
som e of their reactants

Daius ol MW {(z'mol) {Jhserved m/z values
compound
Boc-His 23525 256,166 (W13, 257 103 (W+2)
Carnosine 22610659 227 086 (W+1), 45316 {dimer)
Boc-Car 32655 2565 (Boc-His fragment), 327 282 (W), 349149 (WI+a)
Boc-Arg 274.32 28917 (WM+CHz), 25010 (WM+CHs+H)
TSPE 747 578 T47 (WD, T48.6 (W1, 790 (W a)
BHDEPE 984 538 8857 (M+1)
HDSPE 884.718 885 (WD), 206 (W+1a)
BCDEPE 1051.887 1051.659 (WD
952 (M), 977 5 (MH4H+Sodium), 959 56
CDEFE Io1.767 e m+4151+50dmm-18) ”
BADSPE 1003 896 1004 (W0, 1005 697 (W+1)
ADSPE 903.739 804 (D, 30543 (W41

pH titration study was performed on the lipids to evaluate the buffering activity of
the lipids. The pH titration curves for different lipids are depicted in the Figure 5.9,
Figure 5.10 and Figure 5.11.

14 -

Buoc-His
12 m= His-DSPE
B nc-His-DEFE
10 -
g
o
=9
g -
g4 -
2 il
] 20 100 150 200 250 300 350

Volume of 0.1 M H{]l added {pnL})
Figure 5.9 pH titration curve of Boc-Histidine, Boc-His-DSPE and His-DSPE
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Figure 5.10 pH titration curve of Carnosine, Boc-Carnosine, Boc-Car-DSPE and

Car-DSPE
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Figure 5.11 pH titration curve of DSPE and Arg-DSPE

pH titration curves of different lipids give idea of the pEa values of amine groups
of the compounds which are cloze to the predicted values of pEa (Table 5.5). The results
indicate that the compounds having carnosine and histidine will bear the properties of
buffering due to presence of imidazole ring with nitrogen hawving pla value ~6.5 Lipids
with arginine derivatives will have completely 1onized amine group and guanidine group

at physiological pH range and hence will always be bearing two cationic charges.
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Tahle 5.5 Physicochemical properties of different cationic lipids used in preparation

of liposom es
%vionization of o ;?;;Ti?ﬂ?: of
Lipid pKal@¥ | pKa2*¥ | LogP¥ primary amm#e -
atpH 6.5-7.0 6.5.7.0%
DEPE 10.00 - 12.23 =999 -
HDEFPE - ~6.5 7.85 - 25-51%
BHDEPE - £.53 745 - 22.3-51.7%
CDSPE 513 £.53 5.09 89 2-99 7% 25.3-51.7%
BCDSPE - 6.52 .58 - 24.8-51.1%
BADEPE - 113 £ 88 - =05%
ADEFPE 8.60 12.20 5.48 87 5-99 2% =05%

¥ raloulated parameters derived from Chemicalize org (ChemAx on)
Byl a of primary amine grougp
* pla of side chait -- imidazole ring for cartinsine and bistidine and guard dine ring for argirine
#perc entage ionization caleulated according to Handerson-H asslebatch equation
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