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ABSTRACT

Metformin hydrochloride is an anti-hyperglycaemic drug that is widely prescribed in the
management of noninsulin diabetes mellitus (NIDDM). However, metformin does not undergo
complete metabolism in the body thereby excreting significant amount through urine and eventual
discharged into the water bodies. Therefore, this work investigates the possibility bio-sorption of
metformin by Fucus spiralis seaweed. High performance liquid chromatography (HPLC) and FITR
was used for quantifying metformin biosorption. The result shows that Fucus spiralis is a potential
biosbent for metformin removal in aqueous solution. The highest removal was up to 74% at 50
pug/mL. It can be mentioned here that this study is the first of it kind in testing seaweed for
metformin biosorption.

In conclusion, biomass (Fucus spiralis) was tested for its efficiency in metformin removal in
aqueous solution. Adsorption studies revealed that F. spiralis can be used as potential adsorbent
for metformin uptake. Very limited literature investigates the application of seaweeds species for
pharmaceutical remediation. Remediation of waste and surface water using readily available
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algal species for metformin bio sorption.

adsorbent such as seaweed will be useful as it relates to human health and environmental
contamination. HPLC was used in this study but other spectroscopic technique such as UV/vis
could be explored to ascertain the optimized method. Further studies would be needed to test other

Keywords: Metformin hydrochloride; Fucus spiralis; seaweed; HPLC and FTIRI.

1. INTRODUCTION

Recently, pharmaceuticals products that
contribute to saving millions of lives has been
reported to have a harmful effect on human and
the environment as environmental contaminants,
these contaminants including metformin has
been reviewed [1]. Metformin (actually
formulated as metformin hydrochloride) is N, N-
dimethyl biguanide hydrochloride [2] and this
drug is widely prescribed drug used in the
treatment of patients with type 2 diabetes
mellitus [3].

NH NH
\\N)LH)LNHQ H Cl

Metformin hvdrochlonide
Fig. 1. Structure of metformin hydrochloride

Metformin is among the most prescribed
medication use across the UK and reaching
many people [4]. Metformin hydrochloride is
widely prescribed drug due to it oral anti-
hyperglycaemic agent used in the management
of noninsulin dependent diabetes mellitus
(NIDDM). However, it must be noted that much
of this drug does not undergo significant
metabolism (>90%) [5] in the body and is
excreted a such through the urine [6]. Research
has shown how metformin breaks down under
stress into a stable guanylurea (amidinourea and
dicyandiamidine) that could potentially have an
ecological impact on the environment [6]. This
has prompted an international concern leading to
many studies to test for metformin and other
drugs as a potential new emerging pollutant in
the waterways. Metformin has been detected in
high concentrations in the surface waters in
France [7] with range of 200 — 735 ng/L, United
State of America 0.11 -0.15 ug/L [8], Netherlands
(0.3 — 1.6 pg/L) [9], Belgium (0.6 + 0.2ug/L) 9
and Germany (130 -1700 ng/L) [10]. Considering
the above concern, therefore, there is need for
an efficient and less costly system for removal of
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metformin from wastewater. In the review by
Patel et al. a number of different methods such
as photolysis [11], UV-degradation [12], reverse
osmosis [13], adsorption [14] and nanofiltration
[15] have been noted as used for the remediation
from aqueous systems [1]. However, many of
these methods were limited by toxic sludge
removal, high operating and capital costs,
incomplete removal, maintenance and skilled
personal [1], while adsorption technologies
appears to be low cost alternative, easily
applicable in developing nations where is lack of
advanced technology, capital and skilled
manpower.

Searching peer reviewed papers indicated that
no studies for metformin bio-sorption using
seaweed have been published. However, some
pharmaceuticals have been reported to be
remediated by seaweeds. Two different
pharmaceutical pollutants Venlafaxine (VLF) and
Fluoxetine (FLX) was investigated using a brown
seaweed Bifurcaria bifurcate for bio-sorption
efficiency in an aqueous solution [16]. The
adsorption studies shows that removal was
efficient at lower pH values (5-10). The maximum
adsorption capacities reported in those studies
were 12 + 3 and 22 + 4 ymol/g for VLF and FLX
respectively. Similar work also investigated the
removal of propranolol using Sargassum
filipendula alginate extract in an aqgeous media
[17]. This research reported 93% removal
efficiency and therefore remaining Sargassum
filipendula extract maybe a potential bio sorbent
for propranolol environmental remediation. High
performance liquid chromatography (HPLC) [18]
and spectrophotometric techniques [19] have
been previously successfully developed for
analysing and evaluating metformin.

The major analytical techniques used in
metformin analysis include NMR [20], HPLC [21],
GC [22], PVC matrix membrane sensors [23],
UV-Vis [24], capillary electrophoresis [25],
potentiometric titrations etc.24 However, many of
these methods are only used in human biological
samples and in pharmaceutical for purity
determination and many of them are either time
consuming or very expensive to run large
samples [19].
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In this study we tried to explore the use of HPLC

technique to test the possibility of using
seaweeds in metformin removal from an
aqueous solution. The work of Kar and
Choundhury [18], et al. a HPLC method was
adapted for this study.

2. MATERIAL AND METHODS
2.1 Instrumentation

Sample analysis was carried out on a Dionex
3000 HPLC column. The volume of organic
phase (80%) and buffer solution (20%) was used
to make the mobile phase. Also, a v/v 62:38
organic phase was made from the mixture of
methanol: acetonitrile, respectively.
Monopotassium phosphate solution (20mM) was
used as buffer and the pH adjusted to 4.0 £ 0.05
using o- phosphoric acid. Before the samples
was injected into the C18 column separation of
components, the mobile phase was degassed
and filtered. The room temperature of 23°C was
used as experimental temperature and with
mobile phase fixed flow of 1.0 mL/min. Sample
injection was at 20 pL in triplicate using an auto
sampler for solvent delay of 2 mins. The UV/Vis
was set at 230 nm for analysis. HI 2211
benchtop pH meter pH was used for calibration.

2.2 Sample Preparation

Brown seaweeds Fucus spiralis used in this
study were collected along the coastal area of
north Wales beach near Llandudno location
(53°19°17.9” N 3°51°01.3” W). The dried crude
seaweed was digested using the procedure also
in chapter 3. Initial mass of ca. 0.1 gand 0.5 g
(accurately weighed) of the seaweeds (Fucus
spiralis and Ascophyllum nodosum), at 25°C,
400 rpm after which it was allowed for 24 hours
contact time was used to test for 50 mg/L
metformin hydrochloride bio-sorption in 15 ml
tube using high performance liquid
chromatography (HPLC).

Chemical reagents were all bought from Fischer
Scientific or Sigma-Aldrich. All solvents were
analytical grade. Pure metformin hydrochloride
sample (98 %) for HPLC analysis was used
without further purification.

2.3 Stock Solutions and Standards
Preparation for Fucus spiralis Bio-
Sorption of Metformin

Pure metformin hydrochloride was used to
prepare the stock standards solution by
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dissolving 10 + 0.3 mg metformin hydrochloride
into volumetric flask using HPLC methanol
grade. Different set of standards was prepared
(10 pg/ml - 100 pg/ml) from 100 pg/ml stock
solution. These known set of standards were
used to calculate the unknown sample
concentration using calibration curve.
Standards solution were filtered using 0.2 um
membrane filter and injection was carried out in
triplicate.

3. RESULTS AND DISCUSSION

In this analysis, a calibration curve is required
from the statistical point of view. The method
reported in the work of Kar and Choundhury, et
al. [18] was adapted. The method was easy,
simple, and reproducible when using HPLC for
calibration curve. Curve fitting for the metformin
standards concentration range 0 to 100 ug/ml
(Fig. 2) was found to give R*= 0.999 1 fitted with
a linear regression.

This shows that the high value of the correlation
coefficient and the value of Y- close to zero
indicate good linearity of the calibration curve
(Fig. 2) To calculate the detection and
quantification limit, a regression analysis of the
data for the blank samples (n=10) was
conducted using the formulas (1) and (2).

LOD = 3.3 multiply by Standard deviation of
the blank (1)

LOQ = 10 multiply by Standard deviation of
the blank (2)

The values in Table 1 shows various LOD and
LOQ of metformin from the published literature
and the work in this thesis which differ from each
other. The LOD and LOQ are in the range 0.05 —
1.00 pug/ml and 0.47 — 3.00 pg/ml respectively.
Ref 27-29. Factors such as ground noise and
analyte signals may contribute The different
varriations in LOD and LOQ reported above may
be attributed to various factors such background
noise, analyte signal, column types, flow rate
sample loading and detection [26].

There is no available literature to relate the
higher retention time at lower concentrations but
the retention time of the blank (methanol) solvent
in methanol, acetonitrile and water mobile phase
is found to be around 2.1 in this work i.e 0.0
pg/ml. Trouble shooting issues relating to column
and instrument sensitivity has been associated
with shifts in retention time among the
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concentrations range [26]. To carry out further
analysis to determine the possible metformin
biosorption, test on metformin was conducted on
both fresh samples containing only metformin (50
pg/ml) from 80% organic and 20% buffer ( mobile
phase), prepared within 2 hours and measured
on same day and incubated sample of 50 ug/mi
metformin with 0.1 g of F. spiralis and
measured overnight to find if there was any

350.0
300.0
__ 2500
200.0

150.0

Area (mAU*min

100.0

50.0

0.0

0.0 20.0 40.0

absorption of the metformin during the incubation
period. The two samples were run under
same conditions as per instrument setting.
According to the Fig. 3 below, the retention time
and peak area in fresh metformin was observed
at 2.305 min and 390.57 mAU*min respectively.
In the work of [27], similar value of 2.18

retention time (min) for metformin were
reported.
y =3.2018x + 8.7135 -0
R2=0.9987 o
..'.‘...
.""‘
60.0 80.0 100.0 120.0

Concentration (ug/ml)

Fig. 2. Linear regression calibration graph produced using HPLC method (section 5.1) different
concentrations of metformin hydrochloride (10-100 pug/ml

Table 1. LOD and LOQ of metformin

LOD (pg/ml) LOQ (pg/ml) References
0.80 2.45 [27]

0.05 0.47 [28]

1.00 3.00 [29]

0.32 0.96 Present study

Table 2. Standard solution raw data obtained from HPLC and calculated average of area and
retention time

Conc.(ug/ml Retention time (min) R= retention time Area (mAU*min) A= Area y
R1 R2 R3 Average R A1 A2 A3 Average A

10.0 4.5 45 4.6 4.5 371 37.5 39.3 38.0
20.0 4.6 4.6 4.6 4.6 70.7 704 70.1 70.4
30.0 46 4.6 4.7 46 106.0 1056 105.7 105.7
40.0 4.7 4.7 4.7 4.7 1389 1382 137.8 1383
50.0 47 4.7 4.8 47 170.2 1695 166.8 168.9
60.0 48 4.8 4.8 4.8 205.0 2041 203.4 204.2
70.0 48 4.8 4.8 48 2346 2339 2335 234.0
80.0 4.8 4.8 4.8 4.8 2719 2711 2704 2711
90.0 4.8 4.8 4.8 4.8 2947 2942 2939 2942
100.0 4.8 4.8 4.8 4.8 323.0 323.3 323.3 3232
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Fig. 3. 50 pg/ml of fresh metformin in 15 ml tube at 25°C for 24 hours contact time

It can also be seen in Fig. 4 that there is shift in
both retention time and peak area for incubated
metformin. The retention time was recorded at
2.135 min and peak area at 358.67 mAU*min.
This variation maybe attributed to retention on
ions exchangers is a function of charge and type
of stationary phase, the type of concentration of
ions in the mobile phase, the degree of ionization
of the analyte as well as analyte molecular size
[28]. Quantification to determine the

concentration of metformin being absorbed by
the sample was possible even though we have
only one visible peak and two shoulder areas.

An additional experiment was conducted under
the following conditions: concentration range 50
— 250 pg/ml of metformin (in triplicate), 0.1+ 0.05
g of F spiralis, 0.05 L in 15 ml tube, at 25°C for
24 hours contact time to test for various possible
of metformin absorption.

400
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Area (mAU)
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200
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O 1 T
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Fig. 4. 50 pg/ml metformin, 0.1 g F. spiralis in 15 ml tube at 25°C for 24 hours contact time
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3.1 Metal Removal Efficiency

Biosorption capacity (qe.), the amount of metal
adsorbed per gram of biosorbent, can be
calculated at equilibrium in mg/g using the
following equation.

Qe = (Co — Co)V/m 1)

Where

C, is the intial concentration of metal ions in
each solution (mg/L)

C. is the concentration of metal ions in the
solution (mg/L), V is the final volume of the
solution (in litres) and m is the mass or weight of
biosorbent measured in grams.

Moreover, metformin uptake can also be
calculated in percentage as cited in chapter 4
using the following equation;

% removal = (C, — C,)/ C,.100 (2)

The highest value of biosorption capacity (q.) of
103 + 5 mg/g was observed in 150 pg/ml sample
while the lowest was recorded with 70. 62 + 3
mg/g of 50 pg/ml. Fig. 5 below shows the
percentage removal of metformin for Fucus
spiralis in which the highest removal was
observed in sample 50 pg/ml with removal
90.00
80.00
70.00
60.00
50.00

40.00

Removal %

30.00

20.00

10.00

0.00

0.00 50.00 100.00

efficiency of 73.86 + 2.66 % and the lowest
removal was observed with sample 250 pg/ml of
42.68+ 0.13 %.

The gradual increase in percentage removal from
sample concentrations 250 50 pg/ml
highlighted the possibility of F. spiralis reaching
the peak of metformin removal with maximal
removal at lower concentrations. At lower
concentrations, the metformin tends to bind all
the available active sites but as concentration
increases the percentage removal became lower
until all the active sites have been occupied by F.
spiralis. In a similar work where the effect of
initial ascorbic acid and lactose concentration
was tested. The result shows that ascorbic acid
removal was higher at lower concentrations [29].
F. spiralis (SF) removal efficiency in metformin
uptake can be related to the work of Moogouei
and Borghei, et al. [30] where a plant
species including  Amaranthus retroflexus,
Ricicnus communis, Brassica napus, Celosia
cristata, Helianthus anuus and Phragmites
australis all shows potential removal capacity of
metformin in solution of 20 and 50 mg/L of up to
69.53 + 2.25 and 65.7 + 1% respectively. In our
research, different range of concentration were
tested while varying concentration may influence
the metformin uptake, the seaweeds has shown

a potential in removing metformin from an
aqueous solution at each sample
concentration.

150.00 200.00 250.00 300.00

Concentration (mg/L)

Fig. 5. Application of HPLC for metformin uptake under control condition where n= 5; Initial
concentration range 50 — 250 pg/ml (in triplicate), 0.1+ 0.05 g of F. spiralis, 0.05 L volume in 15
ml tube, at 25°C for 24 hours contact time and pH 3 * 0.05
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3.2 Adsorption Isotherm Study

Adsorption study was conducted in which the
most common isotherm models of Freundlich,
1907 and Langmuir, 1918 for prediction of water
and wastewater treatment samples was
evaluated [31]. The Langmuir isotherm is
mathematically represented as follows:

Qe = Qmax "Ce/(1+bCe) (3)

Where

ge (mg/g) is the observed biosorption
capacity at equilibrium.

dmax (mMg/g) is the maximum biosorption
capacity corresponding to the saturation
capacity otherwise known as total binding
sites of biomass,

Ce (mg/L) is the equilibrium concentration
and

b (L/mg) is a coefficient related to the affinity
between the sorbent and sorbate

(b is also known as energy of adsorption).

The linear relationship can be obtained by
plotting (1/qe) vs. (1/Ce):

1/qe= 1/(bq max Ce)+ 1/qmax (4)
The parameters b and g are determined from

slope and intercept, respectively. This equation
can be used to compare the individual biosorbent

0.008
0.007
0.006
0.005

0.004

1/Qe (mg/g)

0.003

0.002

0.001

0

0.002 0.004 0.006

by its respective qnax value calculated from fitting
the Langmuir isotherm model to that of the
experimental data. The Langmuir isotherm tested
(Fig. 5) proved the favourabilit;z/ of metformin
adsorption on the F. spiralis (R° = 1) and this
indicates that the biosorption process perfectly fit
Langmuir model.

3.3 Fourier Transform Infrared
Spectroscopy (FTIR)

FTIR spectroscopy is an analytical technique that
provide an insight into the possible changes in
molecular vibrations within molecules and
measurement of the ways in which bonds
vibrates. It can also explain the present of
impurities with minimal or no sample pre-
treatment [32]. The raw sample of metformin
hydrochloride in pure form was run and recorded
over the frequency 400-4000 cm ' and is
represented in Fig. 7. Various bands observed in
the spectra along with the assignment were
shown in Table 2. The N-H stretching of C=N-H
group occurs in the region 3400 — 3100 cm™ ' but
due to the presence of hydrogen bond, the
frequency of this vibration tends to decrease
[33].

The small intensity bands at 3153 and 3145
cm ' have been assigned to C-H stretching. N,N
di-substituted guanidine hydrochlorides have
medium intensity bands at 150 -1530 cm ' due
to in-plane NH, deformation [34].

y = 0.4999x + 1E-06

R=1 _.®

0.008 0.01 0.012 0.014 0.016

1/Ce (pug/ml

Fig. 6. Langmuir isotherm plot for metformin showing linearity
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4052

3687

3322 2956 2591

Wavenumber (cm™)

Fig. 7. FT-IR spectra of pure metformin hydrochloride

Table 3. Vibrational band assignment of pure
metformin hydrochloride

Frequency (cm ') Assignments

3369 (m) N-H stretch

3153 (n, s) C-H stretch

3145 (s) C-H stretch

1627 (m) N-H bend

1559 (m) C-C stretch (in-ring)
1063 (m) C-N stretch

938 (s) N-H bend

736 (m) C-H rock

639 (b,s) -C =-C: C-H bend
541 (m) C-Br stretch

4. CONCLUSION

In conclusion, marine alga biomass (Fucus
spiralis) was tested for its efficiency in metformin
removal in aqueous solution. Adsorption studies
revealed that F. spiralis can be used as potential
adsorbent for metformin uptake. Very limited
literature investigates the application of algal
species for remediation. Remediation of waste
and surface water using readily available
adsorbent such as algae will be useful as it
relates to human health and environmental
contamination. HPLC was used in this study but
other spectroscopic technique such as UV/vis
could be explored to ascertain the optimized
method. Further studies would be needed to test
other algal species for metformin bio sorption.
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