Open Access
Baghdad Science Journal Vol. 13(2s(Supplement))2016

The 2" National Conference of Chemistry

DOI: http://dx.doi.org/10.21123/bsj.2016.13.2.2NCC.0470

Preconcentration and determination of Metformine
Hydrochloride in different samples by cloud point extraction
coupling with uv-visible spectrophotometry

Jameel M. Dhabab Taif Th. Kazar

Department of Chemistry, College of Science, University of Al-mustansiriya,
Palestine Street, Baghdad, Iraq

E-mail: jamelmosa@yahoo.com

Received 20/9/2015
Accepted 20/12/2015

el | his work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International Licens

Abstract:

This work was influenced the separation and preconcentration steps were
carried out to determination of metformin (MET) in pharmaceutical preparations and
human serum samples. Complex formation method and cloud-point extraction (CPE)
coupling with UV-Visible spectrophotometry were used to investigated of study
target. The results has showed the best optical characteristic for calibration curve and
statistical data which were obtained under optimum conditions. The first method is
based on the reaction of MET with nickel (II) in alkaline medium an absorption
maximum A(max) at 434nm. "Beer's low" is obeyed in the concentration range (10-
100pg.mI™) with molar absorptivity of 3.9x10° L.mol™.cm™.The limit of detection
and quantitation values were 2.37 and7.11 pg.ml™ respectively. The second method
based on extraction of traces amounts of MET using the cloud-point extraction (CPE).
This method implicated for using of a nonionic surfactant (Triton x-114) as an
extraction medium which was entrap the hydrophobic complex formed between MET
and nickel(ii) in basic medium as reaction system for designing the CPE procedure.
The optimum conditions were similar the first method expect the amount of surfactant
which was 0.5 ml. The concentrations range of calibration curve from 3.5t0100 pg.ml
! and molar absorptivity of 1.2x10* L.mol™.cm™. In this method was access to less of
concentrations in Limit of detection and quantitation which were 0.74and 2.22 ug.ml™
respectively. The precise (RSD %) and accuracy (recovery %) of both methods were
ranged between 0.24-0.47, 97.86-98.68 respectively. The data of two methods were
appeared high acceptable with standered of British Pharmacopoeia through using
statistic methods (f-test and t-test), that they may be used in analysis of MET.

Key words: UV-Vis spectrophotometry, new chelating agent, nickel (I1), Cloud point
extraction (CPE), Triton x-114
Dimethyl biguanide hydrochloride with
Introduction: a molecular formula of Cy4H;,CINs
The chemically name of (Figure 1)[1-2].
Metformin  hydrochloride was 1,1
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Fig.(1): chemical  structure
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It is a medicine used to treat of
secondary diabetes, which is not
dependent on insulin through the
inhibition of glucose and glycogenolysis
in the liver[3-4]. It seems recently that
this property alleviating hyperglycemia
by improving insulin sensitivity and
reducing its absorption in the digestive
tract, and the prevention of cancer of the
pancreas and liver disease [5-6].
Metformin  (MET), was used as
hydrochloric salt form being dissolved
in aqueous medium, making it more
effective in the treatment of patients
with diabetes especially overweight
people and those with normal kidney
function[7-8] .It may be preferred by
people who suffer from heart failure as
evidence suggests[9].

It can be Contrary to all of sulfonylureas
and insulin in addition to the significant
reduction of sugar that it does not cause
an increase in weight [10-11].

The MET was determination by various
types of techniques in pharmaceutical
formulas and human serum as
spectrophotometric methods which were
developed for analysis of drug[12-16].
HPLC methods were used to detect of
MET with using low amounts of
solvents[17-21].  Another  different
techniques for the determination of
MET, which have been described, such
as conductometric titration[22]., flow
injection and chemiluminescence[23-
26], capillary electrophoresis[27]. Cloud
point extraction (CPE), a micelle-
mediated process, has become one of the

important  separation and pre-
concentration methods which were
improving the sensitivity in

determination of trace metal ions and
acting as an alternative to liquid-liquid
extraction. This particular technique was

471

owing to several advantages including
high performance and concentration
factor, low cost, safety, environmentally
friendly nature and Ingenuity offered

[28-30].
In this study, new reagent nickel (ii) as
complexing agent to investigate

complication with MTF which was
determined MET directly and also the
cloud-point extraction methodology for
preconcentration of super trace amounts
of MET In serum using Triton x-114 as
extranet  coupling  with  vis-uv
spectrophotometry. The purpose
methods were applied for determination
of MET in pharmaceutical preparation
and human serum.

Materials and Methods:-

Apparatus

The absorption spectra and absorbance
measurements of both analytes were
carried out by using A shimadzu model
UV-1800 equipped with 5-cm quartz
cell was used to scan the absorption
spectra for drug (metformin) ,Ni(ll)
solution and the MET-Ni(ll) chelates in
surfactant-rich phase against blank
solution  prepared under  similar
conditions without those drug. A
portable pH —meter microprocessor
(HANA-HI 98150 GLP
Ph), Thermostated water bath shaker
,BS-11 digital ,JEIO TECH . Korea.And
FTIR(Fourier ~ Transform Infrared
Spectrophotometer)

Materials and Reagents

All chemicals used were of analytical
reagent grad unless otherwise is
mentioned,  metformin standerd
powders (purity 99.9%) SDI. Triton X-
114 (AMRESCO COMPANY), Nickel
chloride hexahydrate (BDH), sodium
hydroxide 0.2N.
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Metformin hydrochloride

standard solution (1000ug.ml™)
This  solution was prepared by
dissolving 0.1gm of  metformin
hydrochloride in 100ml distilled water
in a volumetric flask.

Nickel chloride hexahydrate

standerd solution(1000ug.ml™)
This solution was prepared by
dissolving 0.4 gm of Nickel chloride
hexahydrate in 100ml distilled water in
a volumetric flask.

General CPE procedure for
metformin
A typical cloud point experiment

required the following steps: an aliquots
of 10ml of a solution containing a
known amount  metformin, 0.5ml
Triton x-114 10%(v/v),A1ml sodium
hydroxide,0.8ml Ni(ll) of 1000pg/ml
was mixed in 10ml volumetric flask and
diluted to mark with distilled water and
left to stand in a thermo-state bath at
60°C ,for 25min separation of the phase
was achieved by centrifugation at
4000rpm for 4min.the phase was cooled
down in an ice bath in order to increase
the viscosity of the surfactant-rich phase
and then the aqueous phase can be
separated by using
syring,subsequently,3ml of ethanol. This
solution transferred to 1ml quartz cell. A
blank solution was prepared in the same
way.

Preparation of the

pharmaceutical Sample

The proposed method was also used for
the determination of Metformin content
in three selected pharmaceutical
containing  metformin hydrochloride
namely;(merc500mg-dialon500mg-
awa500mg) The drug solution was
prepared by accurately weighting 0.1 g
of dried metformin hydrochloride into a
50 mL Dbeaker and dissolved in
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minimum amount of distilled water with
swirlin. The content of beaker was
transferred quantitatively to 100 mL
volumetric flask, and then diluted to
mark with distilled water.and subjected
to the general CPE procedure and
metformin content was determination
spectrophotometrically (434nm).

Preparation of the Serum

Sample

Five adult volunteers were randomly
designated to take orally a single tablet
of (merc, glocophage 500mg), after two
hours of administration, blood sample
(5ml) was with drawn from the vein
each subject by using medical syringe
and then transferred immediately into
centrifuging tubes. and 0.2 ml of each
serum sample was transferred into10 ml
volumetric flask and followed the
general CPE procedure content in the
complex determined spectrophotometric
ally at 434nm.meanwhile,0.2 ml of each
sample was transferred into 10ml
volumetric flask metformin content was
directly determination by traditional
UV-Vis spectrophotometry at (232nm).

Results and Discussion

Absorption Spectra

Uv-vis spectra: The spectra of Ni-MET
complexes show the absorption maxima
of 434 nm with molar absorptivity of
1.2x10* L.mol™.cm™ (Figure 2). Whilst,
the MET gave the absorption maxima of
238 nm (Figure 3).
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Fig. (2): The absorption spectra of
complex Met-Ni(ll)
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Fig. (3): The absorption spectra of
metformin

The study of IR spectra: The important
peaks of the IR spectra of the MET and
the complex are summarized in Table
(1) .The shifting and their intensities of
the peaks  confirming the modifying
and formation of the complex.

Table (1): The important peaks of IR
spectra for MET and Ni-MET

compolex
Assignmet Ligand Complex
N-H) (vo 3373, 3363,
(C=N)u 1583-1626,, | 1612-1681,
(N-CH)v | 1276-1419, | 1296-1425,
(Ni-N=C)v - 812
Optimization parameters for
CPE of Metformin

determination

All of the parameters in the CPE method
such as:pH ,reagent concentration,
percentage of surfactant(Triton-x114),
heating time and temperature.
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The Effect of pH:

An aliquot of 10ml solution containing
Iml (metformin) 200pg.ml’,Ni(ll) 0.8
ml of 1000ug.ml*,0.5 ml of Triton x-
114 (10%), were mixed and varying pH
range of (9-11.5) of sodium hydroxide
(0.2N) were mixed and diluted to mark
with distilled water according to general
CPE procedure 10.5 value of pH was
selected as the optimum pH for
complete formation of complex. The
results of pH were shown in the (Figure
4)

0.075
0.07
0.065
0.06
0.055
0.05
0.045
0.04

ABSORBANCE

8 9 10 12 13

pH

Fig. (4):pH effect on the absorbance
on CPE

The effect of Ni(ll) concentration

In the separated 10ml volumetric flasks,
aliquots of 10ml of a solution
containing of  200ug.ml*  of
metformin,0.5ml 10% Triton x-114 and
varying amounts (0.4-1.2) ml of
1000pg.ml™, were mixed and diluted to
mark with distilled water according to
general CPE procedure. The optimum
value of the concentration of nickel is
80pg.ml™ because of the possibility of
nickel atoms link with each bond metal

Ni-Ni into force when metformin
particles, the results were shown in the
(Figure 5)
0.09
0.08
w
S 0.07
§ 0.06
2 0.05
o
< 0.04
20 70 120 170
Conc. Ni
Fig. (5): The effect of Ni(ll)

concentration on the absorbance
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The effect
concentration
Different volumes of 10% Triton x-114
ranging from (0.1-1) ml were used in
this study keeping other conditions are

of TritonX-114

constant. The absorbance of each
solution including different
concentration of surfactant were

measured and the results are shown in
(Figure 6).0.5 ml of surfactant valium
was suitable to optimum of formation
cloud point.
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Fig.(6):The effect of Triton x-114

concentration on the absorbance

The effect of temperature and time

The effect s of the equilibrium
temperature and the incubation time
were  examined  optimized  other

conditions .The temperature was varied
from (20-80)°C in a search of optimum
value and the results are shown in
(Figure 7). Also, time from (5-40)min in
a search of optimum values and the
results were depicted in (Fig.8). the 40
°C and 25 min were best optimum for
formation cloud point.
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Fig.(7):The effect of temperature on
the absorbance
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Fig.(8):The effect of incubation time
on the on CPE

Optimization parameters for direct of
Metformin determination

A discrete variable here is the
concentration  of  nickel  reagent
(100pg.ml™), temperature 60°C ,and
incubation time 20min.

Stoichiometry of the Met-Ni(ll)

complex by Mole ratio method

A 1ml of 2x10° M of Ni(ll) was
pipetted into each of 7 ml volumetric
flasks, then (0.5-3.5) ml of 2x10°M
solution of metformin were added in the
presence of 0.2M sodium hydroxide
(pH=10.5).The mixture solution were
diluted to the mark with distilled water.
The absorbance of the solution was
measured by UV-Vis spectrophotometer
at 434nm.The results are shown in
Fig(9). The obtained results were
indicated that the probable composition
of complexes was 1: 2 which was refer
in(Fig.10).
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Fig. (9): Mole ratio plot complex
between Ni(ll) and metformin
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Fig. (10): The probable chemical

structures of the complex

Preparation of  Calibration
Curve to Determination of MET

by Direct method and CPE

Under optimum conditions established,
two calibration curves were constructed,
once for direct determination of
metformin and another for cloud point
extraction. Tables 1 and 2 are
summarized the statistical data of the
two curves which were showed all
figures of merit for target analyses.

The calibration curve for direct
determination of metformin was linear
over the concentration range of 10-
100pg.ml™ (r=0.9979, 10 points). The
limit of detection (LOD) of 2.37pg.ml™
and the quantitative of limit of
7.11pg.ml* (Tablel). The calibration
curve for determination of metformin by
cloud point extraction CPE was linear
over the range of 3.5-100ug.ml™
(r=0.9978, 10 points). The
preconcentration factor obtained was of
50 fold resulted in achieving the limit of
detection (LOD) of 0.74pg.ml-1 and the
quantitative of limit of 2.22ug.ml™*
(Table 2).

Table (2): Analytical figures of the

spectrophotometric direct
determination of metformin
(NM) max A 434
Regression equation y=0.0024x+0.001
Correlation coefficient 0.9989
Linearity percentage % R’ 99.79 %
Dynamic range (ug.ml™) (10-100)
Slope (b) 0.0024
Intercept(a) 0.001
Molar absorptivity (L.mol*.cm™) 3.9x10°=¢
Sandells Sensitivity (mg.cm?) 0.04
Limit of Detection(ug.ml™® 2.37
Limit of Quantitation(ug.ml™) 7.11
RSD%(n=5) at 80 pg.ml™* 0.68

Table (3): Analytical figures of merit

of the spectrophotometric
determination of metformin by CPE

Parameter Value

(NM) pax A 434

Regression equation | y=0.0072X+0.0028

Correlation coefficient 0.9987

Linearity percentage % R’ 99.78 %

Dynamic range (ug.ml™) (3.5-100)

Slope b 0.0072

Intercept a 0.0028

Molar absorptivity (L.mol" 1.2x10% =¢

tem?

Sandells Sensitivity (mg.cm™) 0.013

Limit of Detection(ug.ml™? 0.74

Limit of Quantitation(ug.ml™?) 2.22

RSD%(n=5) at 40 ug.ml™* 0.63

Preconcentration factor 200

Enrichment factor 193

Distribution ratio 29.41
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Application of direct method
and CPE to determination of
MET in pharmaceutical

preparations.

The two methods were used for the
determination of Metformin content in
three selected pharmaceutical containing
metformin hydrochloride
namely;(Glugophag 500mg,dialon
500mg, awa 500mg), the results are
tabulated in Table 3and 4.
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Table (4): Direct method to Table (7): The accuracy and precision
determination of metformin in for the determination of metformin by
pharmaceutical preparations CPE
Name anl;ecr? ';:Oo%rl(.j Recovery | Found Name and RsD | ¢ %
Drug. e ugmit % mg Taken Founltril E.. IEr % _ |X — pl
Glugophage 50 49.23 984 492 Cone. Hg.m % | =3 S4
500mg 25 24.47 97.88 489 xn
Dialon 50 51 102 510 Glugopha 14.78
500mg 25 25.7 102.8 512 ge 500mg 14.82 - - tea=4.193
Awa 50 48.75 97.5 487.5 14.91 0.1 1.1 | 047 4.193<4.3
500mg 25 24.58 98.32 491.6 15“g.m|'l Ave:14.8 7 3 03
3
. . . Dialon 19.83
Table  (5):  Determination  of soomg | 1079 | - | - | g | tw273
metformin by CPE in the sopgmit | (1948 | 03 | 15 | T | 273<4.30
. . ) Ave:19.7 3
pharmaceutical preparations. T R T
Taken Found 500m 24.71 -
g‘;‘{,‘g‘* Conc. Conc. Recgvery F?Tl]md : 2479 | 11| 024 | ta=2.105
. el 1 o g i 0.3
Hg.ml pg.ml 25ug.ml? | Ave:24.7 2 2.105<4.3
Glugophage 50 49.37 98.74 493.7 2 03
500mg 25 24.21 96.84 484.2
Dialon 50 49.18 98.36 491.8
500mg 25 2458 98.32 | 4916 Compared between proposed method
Awa 50 48.93 97.86 489.3 i+
500mg =5 54t s o and slandered of British

Determination of Accuracy and

Precision for proposed methods
The accuracy and precision of the
proposed method were checked by
analyzing three replicate of three
different concentrations .the accuracy
was determination by calculating the
relative error percentage, while the
precision was tested by calculating the
percentage relative standard deviation
(RSD%).the results indicated good
accuracy with reasonable precision of
the proposed method which were range
between -1 and -2.5 that were showed in
Table 5 and 6.

Pharmacopoeia®
In this work, it can be concluded that the

nickel (ii) as agent beside CPE-
Spectrophotometry gave satisfactory
analytical for MET when were

compared with standered of British
Pharmacopoeia[31].  All results of
statistic methods (T-test and F-test) were
calculated from this comparison confirm
the absence of a significant difference,
which were facilitates the application of
these methods in the analysis of MET in
various samples. These date tabulated in
Figures

Table (8): Comparison of direct
o method with standard  British
Table (6): The accuracy and precision  pharmacopeia  method®  for  the
of the direct determination of  etermination of MET in
metformin t pharmaceutical preparations.
Name and RS cale _ Name Propos | Standa teay
Taken | PO Ew | B[ % | = 'XS:I and ed rd D | Fuss¥
Cone. n=3 - Taken | Method | method TS, S
Glugophage 19.69 i 3.6 Conc. Hg.mi* o x\n
Zodom | 1093 | 05| 25 | 123 Gluggpha D.0.37 S21:226'5
’ . 3.6<4.303 =0.
: Ave:19.5 soomg | 481 | 1482 | g 0214 | s2=045
S00mg 2036 k=174 15ug.ml” taa 5
- : 2915 |03 | 1 |29 Dialon ==0.934 | Fe,=1.08
30ug.mI™ | Aver29.7 147<4.303 500mg 19.4 19.69 | twatds% Fub
Awa500mg 39.71 20ug.ml™ df at95%
; 39.46 - - 0.9 t2=3.02 Awa 2=4.303 df
40ug.ml” 38.95 0.7 1.75 ’ 3.02<4.303 0.934<4.3 2=19.01
Ave:39.3 500mg_1 24.61 | 2473 03 1.08<10.
25pg.ml 01
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Table (9): Comparison of CPE with

standard British ~ pharmacopeia
method®! for the determination of met
in blood serum of five adult
Volunteers after two hours of taking
orally a single tablet (merc,
glocophage 500mgq)
Propose Standar
Sampl d d \ teal .
e Method met?od _ B - F=s%/s%
NO. mit Saq
Ug Mg'ml—l
1 15.23 13.42 D=0.41 S§2,=21.75
2 20.37 20.72 Sp=0.836 $2,=20.2
3 1224 1201 tcal(n:s):l-og FcaI:1-076
4 23.54 22.13 5 Feap at
tapat 95% 95%
4=2.776 df | df 4=6.39
5 14.32 1529 | 1 095<2.77 | 1.076<6.3
6 9

Study of Interferences

The results showed that no interferences
where found in the presence of up to
(200, 20)ug.ml™ of the studied
excipients (lactose, sucrose, starch,
glucose, valine, and glycine) in the
determination of metformin. Table9 was
showed no noticeable changes in result.

Table(10): Percent recovery for
20ug.ml™  of metformin in the
presence  of  (20-200)ug.ml*  of
excipients.
Interference | Conc.ug.ml* | Recovery%
Lactose 20 7.57
200 96.53
Glugose 20 98.22
200 96.47
Sucrose 20 96.38
200 96.71
Glycine 20 95.18
200 93.25
Valine 20 94.76
200 95.58
Starch 20 96.83
Conclusion

The developed methods were
using Ni (ii) ions as new agent to form
complex which was suitable and
successfully validated to determination
of trace and large amounts of MET in
human serum and pharmaceutical
samples. The procedure of preparation
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of complex in direct method or cloud-
point extraction was simple, easy and
rapid, which should be used for the
assay of MET in present of excipients.
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