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Chapter 3

3.1 Introduction

Analytical methods required in successful development of lipoplex formulations
were developed and partially validated for suitability of analysis.  Analytical methods
developed are divided in the following

1. Analytical methods used for quantification of pDITA

2. Analytical methods used for characterization of lipids
3.2 Analytical m ethods used for quantification of pDNA

Three methods were used for gquantification of DA namely, TV
spectrophotometrnic method, Spectroflucrometric method and Gel electrophoresis. Gel
electrophoresis method will give instant idea on the complexation efficiency as well as
help 1n identification of the isolated pDHA  Spectroflucrometric method and TV
spectrophotometric method will give accurate determinations of the complexation

efficiencies as well as help in other studies like serum stabality studies.

221UV Spectrophotom etric Analysis of DINA

Estimation of the pDINA can be carried out by estimation of the ultraviolet
absorbance. For DMNA, the three main wavelengths of interest are 260 nm, 280 nm and 230
nm. Abzorbance at 260 nm gives estimate of the amount of DA present in the sample.
Concentration can be cal culated using the reading at 260 nm wavelength and a conversion
factor based on the extinction coefficient for nucleic acid Simultanecusly, absorbance
measurements at that wavelength on 280 nm can be used to estimate the am cunt of protein
contaminant in the sample based on presence of aromatic amine acids which absorb light
at 280 nm. Measurement at 230 nm can used to determine the amount of stE A that may
be present in the samples. In addition, an absorbance reading at 320 nim takes into account
any light-scattening components in the sample. The reading at 220 nm wavelength is
subtracted from the 260 nim, 280 nm and 230 nm values as background Eeslts of known
dilution of DA solution gave the good linearity and reproducikility. This range of

linearity will be used in the further studies to find out the concentration of pDMNA
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3.2.1.1 Material

1. DNAse free water (DFW):
DFW was prepared by autoclaving double distilled water at 121°C and 15 Psi for
15 min. For preparation of stock and subszequent dilution of the pDINA for

spectroscopic estimation, DIMAse free water (DFW) was used.

3.2.1.2 Method

pDMA was quantified using a TV spectrophotometric method {1, 2) Absorbance
of the solution of the pDIA was checked by taling the absorbance walues at four
wavelengths 1.6 230 nm, 260 nm, 280 nm using NanoDrop 2000 instrument (ManoDrop,
Germany ). Absorbance walues at all the wavelengths were corrected for scattering from
sample by substracting the absorbance walue at 320 nm  {correction performed
automatically by software) Purity of the pDINA was determined by evaluating the ratio of
Azmibiom and Azealbzo Once DA was confirmed for its punty, calibration curve was
constructed pDITA stock solution of 1 pgful was prepared in DFW and by appropriate
dilutions pDINA solutions of various concentrations between 2 ng/ul to 200 ngfpl. were
prepared. Absorbance vwalues of these solutions were recorded at 260 nm MNanoDrop TV
spectrophotometer. Content of pDINA was calculated by cotrected absotbance at 260 nm
1.8 Aoen-Asn and multiplying the reading by dilution factor and using the relati onship that
Ao of 1.0 =250 pg of d:DIA Whole experiment was performed in tnplicate. Graph of
observed concentraton versus actual concentration of DINA was plotted to find out

linearity of specific concentration range and reproducibility of results.

3.2.1.3 Resulis and discussion

a) Purity of the pDIA

Absorption profile of the 1solated pDIA 15 shown in figure 3.1, To estimate punty
of DIMA, the ratio of the Ao with A0 and Axo were considered as key parameters.
Typical Ao’ Aze0 ratio or pure DA 15 between 1.8-2.0, while Aza0f &2 ratio 15 generally
2.0-22 Azxo'Azn and AzeyAmo values were 1.83 and 2.17 respectively suggested high
purity of DA (table 3.1).
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Tahle 3.1 Abhsorhance profile of pDIVA

Mean optical
Wavelength (nm) density
{Absorhance)
230 0.137 Dhlution factor
Fi=
260 0.299 %53
280 0.151 Conc. (pgiml) =
A260x 50pgiml =
320 -0.002 e
Az Ao 1.98 Conc. mg/ml or
pgipl of isolated
A 218 plasmid DINA =
3.74
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Figure 3.1 UV ahsorption profile of isolated pDINA

bl Calibration curve of the pDINA

Pure pDMA was then used to verify the correlation of actual concentrations and

sbserved concentration Observed responses showed linear relati onship with B2 value of 1

between the range of 2 ng/ul to 200 ng/ul. (figure 3.2). This was further uszed to record

the range of linearity which will be useful in determination of DA concentration in

further studies.
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Figure 3.2 Correlation of actual concentration of pDINA ws ohser ved concentration

o) Accuracy and Precision of the method

Accuracy and precision in terms of percentage recovery and percentage relative

MBS0 NanoDrop TV -
spectrophototetric  estitnation method for the pDIA Solution of pDIMA in the

standard  dewiation respectively  was  evaluated  for
concentration range of 5, 10, 20, 25, 20, 100, 150 and 200 ngful. were prepared that
covered the expected concentration range 1n the sample. Absorbance of each solution was

recorded and %o recovery was calculated as per following formula,

Yo DMA recovered = (Content of DINA after being recovered / theoretical content of the
pDMA in sampled solution) = 100%,

The determination of the reproducibility of the method was determined from
the absorbance of each sample at different time points and calculating the ESD
Tahle 3.2 and tahle 3.3 represent accuracy, intraday and interday precision of the
method, respectively. Az it can be seen, the % recovery was found to be between
58 8% to 100.0% and the % RSD values were less than 2% conforming to the

recquiretnents of ICH guidelines (3, 4).

Tahle 3.2 Accuracy of the UV spectrophotometric method

Actual Ohbserved Standard
Concentration | Concentration Deviation %oHecovery
(ng/pL) (ng/pL) (5D)
10 0986 0.023 9860
100 9952 0156 Do 52
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200

| 198.9

| o232

99.45

*WValues are represented as mean+3D, n=23.

Tahle 3.3 Interday and intraday precision of the UV spectrophotom etric method

Actual Observed Concentration = 5D | %oRelative Standard Deviation
{oncentration Intraday Interday Intraday Interday
ing/nl) precision Precision precision Precision
10 9.924).021 287002 021 0.20
100 89 324) 28 88 964011 0.2% 011
200 198.9040 .31 198 254026 015 0.13

#Falues are represented as mean £ 5D, n=3

3.2.2 Spectrofluorometric method: Quantifluor

The CuantiFluor® dsDMA  Systemia) contans a fluorescent DMNA-binding  dye
(S0d4nmEx/23 lnmEm) that enables sensitive gquantitation of small amounts of double-
stranded DA (dsDIA)Y 1n a purified sample. The assay 1z highly selective for dsDINA
over other nucleic acids and 1s linear over a range of 0.05-200ng of dsDIA input (0.05—
200ngiul from 1pl of onginal sample). Lower dsDIA concentrations may be quantitated

adjusting the standard curve accordingly.

3.2.2.1 Protocal for Queantitating dsDNA The manufacturers protocel was followed for
performing calibrati on curve of the dsDIA.

3.2.2.2 Resulis and Discussion

a) Calibration curve of the pDIA

Pure pDIA was then used to verify the correlation of actual concentrations and
observed concentration Observed responses showed linear relationship with R? value of
~1 between the range of 0.05 ng/ul. to 200 ng/ul. (Figure 3.3 and Table 3.4). Thiz was
further used to record the range of linearity which will be useful in determination of DA

concentration in further studies.
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Tahle3.4: Representative Data for the dsDINA Standard Curve and OQuantiFluor®

dye.
pDIA amount (ngiwell) Ayerage fluorescence (EFL
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- 100000
= 30000
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Figure 3.3 pDINA standard curve using spectrofluorim etry

o) Accuracy and Precision of the method

Accuracy and precizion in terms of percentage recovery and percentage relative
standard deviation (% ESD) respectively was evaluated for the pDINA Solution of pDIA
in the concentration range as done for calibration curve were prepared that covered the
expected concentration range in the sample Absorbance of each solution was recorded

and %o recovery was calculated as per following formula

Yo DMA recovered = (Content of DDA after being recovered / theoretical content of the
pDMA in sampled solution) = 100%,
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The determinaticon of the reproducibility of the method was determined from
the absorbance of each sample at different time points and calculating the E=D. Table
3.5 represent accuracy of the method As it can be seen, the % recovery was found
to be between 99.0% to 9933% and the %% ESD walues around 2% conforming

to the requirements of ICH guidelines.

Table 3.5 Accuracy of the Spectrofluorimetric method

Actual Observed Stand ard
Concentration | Concentration Deviation YoRecovery
(ng/pL) (ng/pL) (SD)
0.05 0.0455 0.0020 99.00
50 4552 1.63 99 04
200 199.1 2.1 99.55

*Walues are represented as mean+3D, n=3

3.2.3 Gel Electrophoresis of pDINA

The migration of free DA under the influence of electric potential occurs in
agarose gel electrophoresis which was utilized for its relatve quantitation (3). This
technique makes use of a DINA binding dye ethidium bromide (EtBr) that intercalates at
the minor groove of the double strand of the nucleic acid which enables the visualization
of the nucleic acid on the gel and complexaton efficiency of the DMNA with the cationic
polymer. The basic principle 12 the separation of the nucleic acid based on their size
Smaller molecules migrate faster compared to the larger molecules from cathode towards
ancde in the electrophoretic chamber as the potential difference is applied Lipids
modified with Boc protected amine acids (Boc-amine acids) and cationic liposomes were
prepared to complex with DINA effectively to make them uszeful for successful delivery of
DMA. The complexation between the phospholipid and the DNA will lead to a retardation
in the migration speed of the complex which gives a direct idea of the am ount complexed

compared to the quantity of the free DA
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3.2 2.1 Material

1. TAE buffer (Tris/Acetate EDTA buffer, pH 8.4)
50X TAE bhuffer:
24 2 g Tris free base and 1.861 g Disodium EDTA  were dizsselved in 70 mL of
double distilled water. 571 mL acetic acid was added and selution was adjusted to
100 mL weolume using double distilled water. Buffer was stored at 2-8 "C in
refrigerator.
1X TAE buffer:
13 TAE buffer was prepared by diluting 503 TAE buffer 50 times with deuble
distilled water. pH of the final buffer will be ~8.6 Composition of 1 TAE buffer
1240 mbd Triz base, 20 mbd Acetate and 1 mdM EDTA.

2. 1.2% Agarose gel
Lgarose gel was prepared by dispersing agarose powder (1.2 ghan 100 mL of 1X
TAE buffer Dispersed agarcse is heated at 90 °C with intermittent shanking to
completely dissolve the agarcse powder in buffer Agarcse solution 15 allowed to
cool to a consistency that can be easily poured and then poured in a gel tray tightly
sealed in the casting tray up to 4-6 mm. A comb is placed in the gel to create wells
for loading pDITA zamples. The gel was allowed to completely set for 30-40
minutes at room temperature. Combs were removed appropriately without

distorting the wells.

3. EtBr stock solution (10 mg'mI)
Ethidium Bromide (EtBr) stock solution was prepared by diszsolving EtBr powder
i1 double distilled water. EtBr was used as an intercalating/staining dye which
intercalates into the tajor grove of the DINA and fluoresces in TV light In
presence of DA its fluorescence increases 25 times.

4. Tank huffer:
Tanlk buffer was prepared by adding EtBr stock solution in the 13 TAE buffer at

lewel of 0.5 pgfmL concentration. (Final level of EtBr in Tank buffer 0.5 pgfmI)
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5. Loading buffer:

iZel loading buffer (630 was purchased from Hildedia Labs. 63 loading bufter was
used at 2 pl per well for loading pDIA samples. Gel loading buffer included
bromphencl blue as a tracking dye to monitor the mun of the electrophoresiz and
sucrose to ratse the density of the sample so that sample sinks to the bottom of the

well.

3.2.2.2 Method

i7el electrophoresis tank (Geller Mg Sub System, Merck-MMillipore-Geldet
Techware, Banglore, India) was filled with tank buffer and electrodes were placed in tanl
Electrodes were connected with woltage supplier (Geldet Electrophoresiz Power Supplies,
Merck-Millipore-Geller Techware, Banglore, India). 1.2% agarose gel in gel tray was
placed in the tank buffer immersing the gel 2-3 mm below the level of buffer with gel-end
having wells towards the negative electrode and other end of gel towards the posiive
electrode. Each DIA sample was mixed with 2pl of 63 loading dye and then loaded on
to gel. Electrophoresis run was carried out at 5 Vicm depending on the distance between
the electrodes for 43 min to 60 min. Gel was removed after tun and pDIA migrated on
the gel was visualized under UV light at 254 nm on GelDoc™ Imaging System (Bio-Rad,
T54) The gel was removed and the pDIA in the agarose gel was visualized under TV
light using GelDoc™ HE* Imaging System (Bio-Rad, TTSA) Gel images were taken on
Imagelab Software (Version 4.0 Build 16, Bio-Ea Laboratories, T34 Gel images were
analyzed by DImagel software (Tmagel Ver 149, NIH, TTSA4) for quantification. For
gquantification, relative band densities were determined by ratio of area under curve (ATTC)
of bands against ATC of band of 200 ng pDIA (1 e considering the band density of 200
ng tobe 13

3.2.2.3. Results and Discussion

a) Determination of detectable range of DINA for Gel Eetardation & ssay

pDMA was loaded in a fized wolume of 20 pL but at different concentration (25, 50
75,100, 200, 200, 400 and 200 ng per well) along wath the loading buffer and the EtBr on
agarose gel and electrophoresis was performed to determine the quantifiable range of
pD A Purpose of the expeniment was to determine concentration of pDINA that can be

gquantified using gel electrophoresis. After run, gel was removed and migrated pDIA was

visualized under TV light using GelDoc™ XEY Imaging System (BioRad, T34 TV-
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visnalized gel (Figure 3.4 Determination of quantifiahle range of pDINA) showed that =
50 ng concentrations of pDIA are detectable.

Figure 3.4 Determination of quantifiable range of pDINA
ipDNA/well, Lane 1-10 ng, lane 2-20 ng, lane 3-50 ng, lane 4-100 ng, lane 5-200 ng,
lane 6-300 ng, lane 7-400 ng, lane 8-300 ng)

bl Eelative Cuantification

200 ng band was evaluated by repeated analvsis by using band densitometry to see
its appropriateness to act as a reference band for relative quantification. Gel was loaded
with 200 ng pDIA concentrations in & wells. Eelative band densities were determined
using onie band as a reference band (Figure 3.5 and Table 3.6). Eelative band densities

were found to be 1n agreement within 3% ESD indicating the accuracy and precision of

the method Percentage recovery of the pDINA was found to be 203 66 ng+5 63 ng.

Figure 3.5 Band densities at 200 ng Lane 1 to Lane 6: 200 ng pDINA.
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Tahle 3.6 Relative hand density of 200 ng pDIVA

Relative and pDNA
B o Density recovery (ng) |

1 0.998 199.711

2 .986 196722

3 1.047 2EEE5

4 1.031 205453

5 1.026 205,196

Iean 1.018 203 663
sD 0.025 5.628
% RSD 2456 Ao

Calibration curve for relative quantification of pDMNA was constructed by taking
the band density at 200 ng concentration as 1.00 and ewvaluating other band densities
relative to this concentration. Briefly, pDIA solutions of different concentrations {10-200
ng) were prepared and mixed with gel loading buffer and gel electrophoresis was
petformed as descnibed above. Analysis was repeated three times and measurement error
(as standard deviation) was calculated Table 3.7 shows band densities obtained with
aforesard pD A concentrations as well as their relative band densities as compared to 200

ng concentration.

Calibration curve (Figure 3.6) of obzerved concentrations of pDINA against taken
concentrations was generated using walues depicted in Table 3.7 The method will be
accurate with a mamimum deviation of ~5% of the present level of pDINA This would
allow for fast determination of complexed pDIA with sufficient accuracy and precision to
make the appropriate conclusions. The determination will be further confirmed by TV
spectrophotometric and spectroflucrometric assays for selected formulations which are

found to be more accurate and precise methods.

Tahle 3.7 Relative hand densities at different pDINA concentrations

pDINA taken RE];;‘;;EM pDNA observed (ng) | 4, oer
(ng) Mean SD Mean SD
200 1.000 i i i
100 0488 | 0.011 93,50 2411 | 2443
50 0242 | 0010 | 49820 | 1760 | 3533
30 0198 | 0.000 35002 | 1400 | 3613
20 0.080 | 0.006 5186 | 0.832 | 4575
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Figure 3.6 Calibration plot of DINA gel retardation.

"o Eecovery and % Eelative Standard Deviation of the method were found to be
997940, 29% and 1.4% respectively which depict the accuracy and reproducibility of the
method respectively. Therefore, the proposed analvtical method for quantification of

pD A was found to be reliable for routine estmations.

2.3 Analytical methods used for characterization of lipids

Analytical methods used in the synthesis of lipads were THES assay (which was
uzed to detect free unconjugated lipids) and Sakaguchi assay (which was used to
determine quantitate guanidine groups) in order to determine the conjugation efficiency of

the synthesis method emploved for conjugati on of lipid with Boc-amine acid denvatives.

3.3.1 THNBS assay
24 6-Trinitrobenzene Sulfonic Acid (THESA or THEES) 15 a rapid and sensitive

assay reagent for the determination of free amino groups. Primary amines, upon reaction
with THESA, form a highly chromogenic derivative, which can be measured at 340 nm
(Figure 3.7). Qualitative measurements of amines, sulthydryls or hydrazides, and
gquantitative measurements of ¥ - amino groups of L-lysine have also been obtained using

THESA Ttis supplied as a 1% solution in methanol.
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Figure 3.7 Heaction of primary amine containing compound with THNES

2.3.1.1 Materials

1. Bolvent Solvent for TINBE reaction was prepared by mixing 5401 wheiv ratio of
chloroform, methanol and water. pH of the solvent mizture was adjusted to approzx.
#.0using 0.01% triethyl amine and measured using pH strip.

2. THEE solution: Avalable as S%wiv solution in methanol from Thermo scientific
(T54).  The concentration was made to 0.01% THNES sclution using above
prepared solvent.

3 10% sedium dedecyl sulfate solution: 10 g of sodium dodecyl sulfate (SD3) was
diszolved in water and volume was made up to 100 mL.

4. 1 M HCL golution: 0.85 mL of concentrated HZl was added to 50 mL water in a
100mL wolumetric flask and then diluted to 100mL.

3.3.1.2 Method

The solvent system was modified for the analvsiz and consisted of Chloroform:
Methanol: "Water in the ratio of 20 4 1 by volume adusted to pH 8.5 using 0.01% triethyl
atnine. The solvent mizture was chosen based on the solubility of the lipids and to provide
reaction specific condition (pH 8.2 without affecting the reaction between the TIHEE and
atnine. The solutions of stearyl amine {3 ppm to 25 ppm) and DSPE (O ppm to 25 ppm)
separatel v were prepared in the solvent mixture. 025 ml of the 0.01% (wiv) solution of
THESA (Thermo Scientific, TEA) to 0.5 ml of each sample solution and mized well. The
solutions were incubated at 37°C for 1 hr, 3 hr and & hr. 0.25 ml of 109 SD3 and 0.125
ml of 1 I HCl were added to each sample after incubation and absorption spectra of

solutions were recordedin the range of 200 nm to 600 nm on TV 1800 spectrophototn eter

102



Chopter 2 Analytical Meth ods
A Gene Dolivery Approach for Treatment of A erosclorosis

(Shimadzu, Japan) Blank reacton mixture (solvent mizture without any lipid treated the
same way with THEBS as the solution of lipid) was used as a reference to nullify any
absorbance by reagent blank THBS over time produces vellow discoloration which can
impact the results, hence, blank results will negate the effect the absorbance by the reagent
blank Calibration curves were developed for all lipids (Stearyl amine and DSPE) for

absorbance at 240 nm and 415 nm.

3.3.1.3 Results and discussion

Calibration curves were developed for stearyl amine and DEPE using THES aszay
Table 3.8 The calibration cutrves will help detect the unreacted amines in the reaction
after conjugation with targeting ligand (galactese) & also for detecting DEPE which has
been used to conjugate with Boc-histidine and Boc-camosine. As conugated lipids will
have no primary amine to react with THES, only unconugated lipids from the mizxture
will take part in the reaction giving the conjugation efficiency of the reaction
Additionally, using molecular weight, conjugation efficiency by weight can be

transformed into the molar conjugation efficiency.

Owerlay spectra of THEE assay of stearyl amine over range of 2 ppm to 25 ppm
carnied out for 1 hr incubation penied 15 shown in Figure 3.8 and calibration curves at 340
nm and 415 nm are shown in Figure 3.9 Abzorption walues showed somewhat negative
deviation at higher concentrations 1.e. =20 ppm, hence, calibration curve was developed at
concentrations of 2.5 ppm to 15 ppm. Due to higher responze rate on 340 nm absorbance
values of reactant product, calibration curve generated at 340 nm was considered for
analysis. As the reaction solvent was changed from recommended (aqueous reaction
mixture) to organic reaction solvent (Chlorofortnmethanolwater), the reaction timne
required for better analyses was of 1 hr and was used for subsequent analyses (as no
change in readings was observed at the end of 2 hr and & hr incubation period - data not
shown). Standard deviation error bars are shown in calibration curves but are not visible

due to marker points on the curves. The absorbance values followed linear relation with a

straight-line vy = 0.056%9% + 0.0241 wath E* = 0.998% at 340 nm.
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Figure 3.8 Overlay spectra of TNBS assay for stearyl amine
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Figure 3.9 Calibration curve of TINBS assay of stearyl amine

Tahle 3.8 Mean ahsorhance values of TINES assay carried out at incubation period of
1 hr.

Concentr ation MMean ahsorhance values
of Stearylamine | at 340 nm after incubation
{(ppm) period of 1 hr

2.5 BE175

5 0292

e 0.441

10 0.610

12.5 0,736

15 0.871
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175 1.011
20 1251
22.5 1.30%9
25 1.427

Accuracy and precision in terms of percentage recovery and percentage relative standard
deviation (YoE. 5D respectively were evaluated for THES assay of stearyl amine. Solution
of 2.5 ppm, 12.5 ppm and 25 ppm of stearyl amine were analysed by THEBS assay and %o
recovery was calculated. The reproducibility of the method was determined by analvses of
samples at different time points to account for intraday and interday vanability
and determining the %ESD. Table 39 and Tahle 3.10. represent accuracy, intraday
and interday precision of the method, respectively. As it can be seen, the % recovery was

found to be 99 % and the precision data had % ESD walues were less than 2%

Tahle 3.9 Accuracy of the TNBS assay of stearyl amine

Actual Observed standard
Concentration | Concentration* | Deviation* Yo Recovery
of SA (ppm) {(ppm) {(SD)
2.30 2.48 0.07 89.20
12.50 12.42 0.20 99 36
25.00 24.81 0.36 99.24

*Walues are represented as meandSD, n=3.

Tahle 3.10 Interday and intraday pr ecision of the TNBS assay of stearyl amine

Intraday precision Interday precision
Actual
A . Observed SD* Observed SD*
Concentration * % RSD | Concentration * % RSD
(ppm) (ppm) (ppm)
(ppm) (ppm)

2,40 247 .07 283 248 0.07 4.82
12.50 12,48 023 1.584 12.45 0.23 1.85
25.00 2479 040 1.61 24,80 0.41 1.65

#Walues are represented as mean & 5D, n=3
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Construction of DEFE calibration curve in the range of 5 to 25 ppm (Figure 3.10 &

figure 3.11) was done. The absorbance walues followed linear relation with a straight-

line ¥y = 0.0315% + 0.0080 and B2 =0.95%7%.

1 ooo T T T ' om

oom

1zm

1 1 1
g oo Soooo 100 oo =0 0o LLLE]
230.m 3o oo igoo m S00.m soooo m.

Figure 3.10 Overlay spectra of TNBS assay of DSPE A) Left pane=>1 hr reaction
time B) Right panel=» 6 hr reaction time

==, (6 hr)

v=0.0315xz+ 0.0030
Ez=0.0970

0 5 10 15 20 25 30
DSPE concentration {ppm)

Figure 3.11 Calibr ation curve of TNES assay of DSPE at 340 nm

Accuracy and precision of the method were determined for THES azsay of DEPE.
Tahle 3.11 and Tahle 3.12 represent accuracy, intraday and interday precision of the
method, respectively. &z it can be seen, the % recovery was found to be =99.0% and the
%o BE5D walues were less than 4%

106



Chapter 2 Analytical Meth ods
A Gene Dolivery Approach for Treatment of A erosclorosis

T ahle 3.11 Accuracy of the TINES assay of DSPE

Actual Observed standard
Concentration | Concentration* | Deviation* YoRecovery
of SA (ppm) (ppm) (5D}
5.00 4.97 0.15 8940
12.50 12.41 026 99 28
25.00 24.83 041 9932

*Walues are represented as meandSD, n=3

Tahle3.12 Intraday and interday precision of the TNES assay of DSPE

Intraday precision

Interday precision

Actual
b i et B Oh serveri SD* Oh serveri SD*
(ppm) Concentration * i % RSD | Concentration * fsnd YoRSD
(ppm) (ppm)
5.00 4,96 0.14 2.82 4,86 0.1% 3.91
12.50 12.40 0.25 2.01 12.38 .36 2.91
25.00 24 88 0.36 1.45 24,75 .56 2.26

W alues are represented as mean + 5D, n=3.

32.3.2 Sakaguchi assay

Zakaguchi reaction 13 a precise method used to estimate the guanidine residues in

an amino acid Hence, the reaction becomes important for estimation of arginine in

proteins. The method will also be useful for development of conjugation of arginine to

other molecules to determine the conjugation efficiency. The reaction occurs between the

guanidine and w-naphthol in the presence of alkaline condition. The reaction produces a

reddizsh colour selution that shows absorbance maxima at 524 nim.

3.3. 2.1 Materiels

1. 1% wiv methanol: 10 mL of methanel was made up to 100 mL with distilled

water i1 a volumetric flasle

2. 0.1% wiv w-naphthol: 100 mg of w-naphthel was dissolved in water i 100 mL

volumetric flask and volume was made up to 100 mL with water.

3. Hypobromite solution: To solution of 20 g of WaCH in 75 ml water, 5 ml of

bromine was added and the volume was made to 100 ml.

4. 40% urea solution: 4 g of urea was dissolved in water in a 10 mL volumetric flask

and volume was made up to 10 mL.

107




Chopter 2 Analytical Meth ods
A Gene Dolivery Approach for Treatment of A erosclorosis

3.3.2.2 Method

stock solution of Boc-arginine (2 mgiml) was prepared in methanol. Dilution were
prepared with methanol to yvield concentrations of & 25 ppm, 12.5 ppm, 25 ppm, 50 ppm,
75 ppm, 100 ppm, 125 ppm 150 ppm and 175 ppm (concentration of guanidine ranges
from 20 — 264 ). To the standard sclutions, 0.1 ml of 10% methanol and 0.1 ml of
0.1% o-Maphthol were added and mixed The solution was allowed to cool on ice for 15
min. Tothe cocled solution, 0.1 ml of freshly prepared hypobromite solution (5% wi'v) was
added. The above mizture was quickly mixed for 10 seconds and immediately equal
volume of 40% urea solution was added to 1t. The TV spectra of solutions were recorded

immediately after 30 seconds on TV 1800 spectrophotometer (Shimadzu, Japan),

3.3.2.3 Resulis and discussion

Wethod for estimation of guanidine group was developed in methanol as the Boc-
arginine and Boc-argimne modified stearyl amine were scluble in methanol. Owerlaid
spectra of Sakaguchi assay of Boc-arginine iz show in Figure 3.12 An absorption
maximum was ohserved at 524 nm . It was noted that at lower concentrations, lineanty was
not observed (slightly negative deviation was observed). Hence, calibration curve was
plotted at concentrations of B0-364 pbd (Figure 3.13) at %ma of 224 nm. Absorbance
values followed linear relation with a straightdine v = 0.0038x - 0.1480 and B* = 09975

.0m T T T T

0.0m

-13m
@mo m wao.m am.m Boooo mo.m &no.m
m.

Figure 3.12 Overlay spectra of Sakaguchi assay of Boc-arginine (X-axis: Ahsorhance,
Y-axis: wavelength (nm))
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v= 00035z - 0.1450
EZ=0.9973

300 400 500 600

EIEIEI
Concentration of guanidine group {phI)
Figure 3.13 Calibration curve of Sakaguchi assay of Boc-arginine

0 100

Lrccuracy and precizsion in terms of percentage recovery and percentage relative
standard dewiation (%oESD) respectively were evaluated for Sakaguchi assay. Solution of
81 phd, 322 uM and 564 uMd concentrations of Boc-arginine were analysed by Sakaguchi
assay and % recovery was calculated. The reproducibility of the method was determined
by the analyses of samples at different time points to account for intraday and interday
variability and determining the %ESD.

Tahle 3.13 and Tahle 3.14 represent accuracy, intraday and interday precision of
the method, respectively. As it can be seen, the % recovery was found to be =98 0% and
the precision dataindicate %o E5D values were less than 4%,

Tahle 3.13 Accuracy of the Sakaguchi assay of Boc-arginine

Actual Observed Standard
Concentration | Concentration* | Deviation* % Hecovery
of SA (ppm) {(ppm) (SD)
80.0 78,99 151 58.74
3220 317381 336 88.70
564.0 560.20 457 89,352

W alues are represented as meant=D, n=3

Table 3.14 Intraday and interday precision of Sakaguchi assay of Boc-arginine

Intraday precision Interday precision
Actual
T . Observed SD* Observed SD*
Concentration* % RS8D | Concentration * % RSD
(ppm) (ppm) (ppm)
(ppm) (ppm)
20.0 7724 279 361 7396 305 387
3220 519:21 615 295 31847 715 2.24
5640 S60.28 10,24 185 558,49 1155 | 2.07

W alues are represented as mean + 3D, n=23.
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