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ABSTRACT

A concise review of HPLC/UPLC-UV methods for determination of nicotine in human plasma is presented in this
manuscript in the form of tables with full description of the used stationary phases, mobile phases, detection
wavelength, flow rate and linearity ranges. Also full description of plasma extraction techniques is described for all
the reported LC-UV methods. This review permits the application of the reported methods for further
pharmacological and clinical studies while design of new nicotine formulations. The reported methods may also be

used in comparative studies using different dosage forms and cigarettes to investigate the pharmacokinetic
parameters of new nicotine formulationsin vivo.

Keywords: Nicotine; Human plasma; HPLC/UPLC-UV; Chromatodriap conditions; Sample preparation;
Pharmacological applications.

INTRODUCTION

Nicotine, (S) -3- [1-methylpyrrolidin-2-yI] pyridi (Figure 1) is a potent alkaloid found in ciga¥sttTo the best of
the author' knowledge, one UPLC-UV method for déresidetermination of nicotine in human plasma was
developed [1]. On the other hand, many HPLC-UV md#h[2-11] have been reported for nicotine deteatimm
lacking the UPLC major advantages of consumingdessent and less time.

Figure 1: Chemical structure of nicotine
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Literature review of plasma extraction techniques and chromatographic conditions of the reported
HPL C/UPL C-UV methods

Many extraction techniques [1-11] were describadnfootine extraction from human plasma prior tfeation into
LC-UV system as shown in (table 1). In addition,thé reported chromatographic conditions were sarieed in

(table 2).

Table 1: Extraction techniques of nicotine

Method

Sample preparation details

Method [1]

Series of 1 ml plasma samples was spiked with 10@fidifferent nicotine working solutions (2.5, 9,120, 30, 40 and 5
ng/10 uL) separately followed by spiking with 5qfIQuinine working solution (100 ng/5 pL) then dik&zed with 0.1 ml
of 10 M NaOH before adding the organic extractihgge (2 ml Diethyl ether) and vortex for 3 minuae8000 RPM, The
samples were centrifuged for 12 minutes at 6000 RirM the upper layer was separated (diethyl etfiep)l concentrated
HCL was added to the separated diethyl ether Ithem vortex was used for 3 min at 3000 RPM follovisgdvacuum
evaporated at 40 C° - 1400 RPM till complete drgnafsthe sample, Reconstituted with 0.5 ml mobiage, vortex for 3
minutes at 3000 RPM followed by filtration usingisge filter and finally transferred to the viatsthe auto sampler and
micro liters were injected into the Golumn.

N

Method [2]

A 0.5 mL aliquot of plasma was placed into a scceyped glass test tube 15 x 100 mm with 100f 11 ppm acetanilidg
in 50% methanol (internal standard). Each sampke aliealinized with 10Q.L of 2.5 M NaOH for plasma samples, then
vortex mixed at 2800 RPM for 30 s. A 3 mL aliqguédahloromethane-diethylether (1\/y) was used for one-step sing
extraction, and then vortex mixed at 2800 RPM fani@. The organic layer, after being centrifugeds00 RPM for 3
min, was transferred to a new glass tube contai@hgL of 0.25 M HCI. The organic phase was then evapdrdy a
stream of nitrogen at 35°C until dryness and retitomesd to 25QuL with mobile phase.

[0

Method [3]

Passive sampler consisted of sodium bisulfate ignated filter and filter holder was used. The sitz¢he filter was 25 o
47 mm. Three types of collection filter were test@glass fiber filter GB-100R, GA-55, and quarthef filter QR-100).
These collection filters was dipped in sodium Hestiel aqueous solution, dried and set in the fil@der. The filter holder|
was for asbestos. Each sampler was put into theimlum/polyethylene bag and sealed. Nicotine wakecigld as nicoting
sulfate. After sampling, the filter was put into . of the test tube. Purified water treated witinebt-Q was added to it
The sample was ultrasonicated for 10 minutes, antrituged at 3000 RPM for 10 minutes. The supamtavas taken tq
vial for autosampler of HPLC.

Method [4]

Solid Phase Extraction by silica columns that wemeditioned with methanol and washed with wateomtd the addition
of plasma. Columns were washed with water and dnelbr vacuum.

Method [5]

A 1.5 ml aliquot of serum, with 100 pL of NENC (NhgInorcotinine) added, was mixed with 1.4 ml o5 04 sodium
hydroxide and transferred to an Extrelut-3 gladsroa, which was preconditioned with 12 ml of diatdmethane; for oneg
day before the experiment. After 15 min, the amalywere eluted under gravity with 10 ml of dichloethane - isopropy|
alcohol (9:1,v/v). The organic phase, with 300/A of methanolic H2% mM) added, was evaporated to dryness under
nitrogen and redissolved in 100 pL of water.

Method [6]
and
Method [9]

Spiked and treated samples were acidified with tdtia acid (pH 5.0). Disposable C18 Sep-Pak Va3 ¢500 mg)
cartridges (Waters Corporation) were conditioneth\8i mL of acetonitrile then equilibrated using 8 of water prior to
use. The spiked urine and plasma samples werexeorfer 30 s and centrifuged for 5 min at 1000 lge Supernatant wass
then loaded into the disposable cartridges, wash#d3 mL of water, and then eluted twice by 1 nflneethanol, twice
using 2 mL of acetonitrile, and reduced to H0using a gentle stream of nitrogen at room tentpesa

Method [7]

The mixture was extracted with 4 ml of dichloron@tk by shaking for 10 min. After centrifugationl@00g for 10 min,

25 ml of conc. HCI was added to the organic fracfr determination of nicotine concentration. Trganic fraction wasg
evaporated with a vacuum evaporator. The residuge regonstituted in 100 ml of the mobile phase dmhtan 80-ml
portion of the sample was subjected to HPLC.

Method [8]

Extraction in 10-mL screw-capped Teflon tubes witbthylene chloride after deproteinization with hitaroacetic acid.
Reconstitution of the extract in 30 ml of mobileagh.

Method [10]

A 0.5 ml aliquot of serum with 100 ml of NENC (Nhgtnorcotinine) (3 pg/ml) added was mixed with @ of 0.5 M

NaOH and transferred to an Extrelut 1 glass coluwinich was preconditioned with 8 ml of dichloromeatle the day
before the experiment. After 10 min, the analyteseneluted under gravity with 5 ml of dichloromethaThe organig
phase, with 25 mM methanolic HCI added, was evdpdrto dryness under nitrogen and redissolved thliCof HPLC

mobile phase.

Method [11]

Using Lichrolut RP-select B SPE cartridges withrahydrofuran as eluent, requiring small volumes) 20 of blood
serum.
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Table2: Chromatographic conditions for the reported methods

. . Flow Linearity
Stationary phase Mobile phase Amax rate range
C 18 column (100 260 0.2 2.5-50
mm x 2.1 mm, 2.2 | Methanol: Acetonitrile: Phosphate buffer (pH 2.7)hathe ratio (20:30:504/v/v) I/. B ng/mL
um) nm ml/min 1]

fmlf:%wnﬁ(jnz)s 0.272 g of KHPQ,, 0.184 g of sodium n-heptane sulfonate in 820 fnlvater and| 254 1.0 %]5/2108
' 180 mL of methanol, (PH 3.2) nm ml/min 9[2]

rgn%icg(l)umnm(‘lzi Methanol and 0.5% ammonium formate: 80% methanolXominutes at thg 254 1.0 r}0/n71€
um) T beginning, and 80% methanol to 70% methanol im#réites. nm ml/min 9[3]

3.65 g/L triethylamine hydrochloride, 0.6 g/L hemaulfonic acid, 4.08 g/l 1.25-10

Clticrgmmgﬁje X potassium phosphate monobasic, 8.82 g/L citric, &d mL/L acetonitrile i?nfi mﬁﬁ?in ng/ml
’ dissolved in HPLC grade water (pH 6.2) [4]

Binary gradient: Solvent A was water-acetonitr.4:3.6,v/v) containing 2 ml/l
C 8 column (25 cm| of triethylamine and 0.012 M each of sodium hepgaighonate, kHPO, and 254 151.8 10-500

X 4.6 mm ,5um) citric acid. Solvent B was water-acetonitrile (80®87, v/v) containing 2 ml/1 o na/mi mi/min ng/ml
triethylamine and 0.012 M each of sodium heptamptmniate, KHPO, and citric 9 ’ [5]
acid.

10% methanol in water for 5 min. changed to a gnatdof acetonitrile in water at 50-1000
C3(1)£(3) ?ﬁkﬂ%ﬁf Xl 6 min, started at 20% acetonitrile, increased & 2% 10 min, and then returned to i?r? mlc;f]in ng/mL
' 10% methanol in water at 12 min. [6]
C 18 column (150 x| 7% Methanol, 2 il sodiumdihydrogen ortho phosphate, 0.2% phosphaiit, 2 260 1.0 02-25.0
: ] ng/ml
4.6 mm, 5um ) and 1 nM heptane sulfonate sodium. nm ml/min 7]
C 18 column (15 Citrate phosphate (30 mmol/liter) buffer mixturentaining 50 mL of acetonitrilg 256 0.3 10to 700
mm x 0.2 cm, 3um) ; . . no/l
and 1 mmol of sodium heptanesulfonate/liter. nm mL/min 8]
C 18 column (3.9 x . ) . 260 0.8 200-2000
300 mm, 1Qum) Gradient elution of methanol, acetonitrile and wate nm mimin ng/ ml [9]
C 8 column (25 cm| Water-acetonitrile (80:9y/v) containing 5 ml of triethylamine, 670 mg/l sodium 254 1.6 1nO/5nC])|0

X 4.6 mm, 5um) heptanesulphonate, and 0.034 M each,dRO, and citric acid. nm ml/min. [?LO]

C 8 column (250 x 4 Consisted of A: 0.05M ammonium acetate and phasen@&hanol at a volume 262 14 On.2;2|0
mm, 5um) ratio 60:40. nm ml/min [gﬁ

DISCUSSION

Many HPLC/UPLC-UV methods were reported for deteration of nicotine in human plasma and they artablg

for further pharmacological studies while designneiw nicotine formulations. The reported methodswsd
satisfactory data for all the parameters testechimithe limits of bioanalytical assays. The lowénit of
quantification permits application of the methods lmuman volunteers and suitable for further phaoioagcal
studies. The authors are going through future wiorprepare new dosage form containing nicotine. ifhévo
studies and pharmacokinetic investigations of tlei dosage form will be conducted, using this nenvées a guide
for their work. Gg was the most common column in the literature aneas selected by the authors for their future
investigation as Cyano column (and other columasgd to give satisfactory validation parametensdnalysis of
nicotine and its internal standard in the prelimyniavestigations in spite of its successful useth®y same authors
with sharp peaks for the analysis of many pharmtégadormulations [12-15].

UPLC methods are preferable than HPLC, with marspeiated advantages such as that UPLC operatescit m
higher pressure. This ultra-pressure ensures thengajes of improved resolution and fewer consuesaldne of
the key advantages is the resolution, as demoedtitat the peak shape. HPLC typically produces bpmsks that
skilled operators can characterize very well, idelg peak heights and peak widths. Another impomdvantage is
a faster run time. The significant reduction inveolt use is another important advantage of UPLQ. [$6me
methods for nicotine analysis in the literatureluded spiking technique in which nicotine was sgilanto the
sample so that the total nicotine content aftekispgi was twice the amount prior to spiking [17] #an to the
common well established spiking technique that comgnused in spiking pharmaceutical formulation8][IThe
use of spiking sample enrichment technique maypipdiable to nicotine analysis in plasma to incestge sample
concentration up to the level which can be measusdg the ultraviolet detector instead of the higist mass
detector.
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