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ABSTRACT
Metformin is prescribed with amoxicillin /cloxacillin in the treatment of diabetic disease with infections. However,
the effects of these drugs on the pharmacokinetic profile of metformin are still unknown. The study aimed at
investigating the pharmacokinetic interactions of amoxicillin and cloxacillin when co-administered with metformin.
It is a one-way single dose cross-over study in two phases. The subjects acted as their own control, and each
phase was preceded by an overnight fast. In phase one, metformin was administered to all the diabetic patients,
while phase two was divided into two groups. The first group received a single dose of metformin with amoxicillin
while the second group received metformin with cloxacillin. Serial blood samples were collected over a period of
24 h during each phase into an ethylene diaminetetra acetic acid (EDTA) vacutainer and stored at -4 ˚C before
analysis. After collection, blood samples were processed. A validated high-performance liquid chromatography
(HPLC) method was used in the estimation of serum concentration of metformin. The pharmacokinetic of metformin
when co- administered with amoxicillin Cmax (µg/ml) and AUC0-8 (h µgml/h) decreased to 1.104.40 ± 0.04 and 4.25
± 0.45 respectively. On the other hand, with cloxacillin Ka 0.58 ± 0.04 h-1, Cmax to 1.28 ±0.35 µg/ml, AUC and t1/2β
increased to 5.18 ± 0.02 µg.h/m.h, and 6.2 ± 0.02 h respectively. Our findings showed that metformin may be coadministered with amoxicillin to Type 2 diabetic patients without risk of side effects, while co-administration of
cloxacillin with metformin need adjustment of the dose to avoid the possible risk of toxicity.
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Gangrene of the feet and other extremities, coronary
artery disease, retinal diseases are complications of
diabetes mellitus. Others include urinary tract
infection due to favorable media, pulmonary or
respiratory diseases due to depressed body immune
system and skin infections with Staphylococcus
organisms as a result of skin abrasion [3]. Currently,
diabetic mellitus is a great threat to the world
community with more than 100 million persons
suffering from diabetes. According to World Health
Organization (WHO) and the American Diabetic
Association's (ADA) criteria, an adult is considered
diabetic if fasting blood sugar measured exceeds
8mmol/l on more than one occasion or if on two

INTRODUCTION
The term diabetes mellitus describes a metabolic
disorder of multiple etiologies characterized by
chronic hyperglycemia with disturbances of
carbohydrate, fat and protein metabolism resulting
from defects in insulin secretion, insulin action World
Health Organization [1]. Diabetes mellitus has been
classified by WHO into four main groups: type I, type
II, gestational diabetes and "other types" [2]. The
disease is characterized by polyuria, nocturia,
decreased visual acuity, frequent thirst, dry mouth,
valvular pruritus in women, severe skin infection,
impotence and dark-spot due to skin necrosis.
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occasions, the concentration of glucose exceeds
11mmol/l 30, 60, 90 minutes after ingesting about 75
g glucose and remains about this levels two hours
after ingestion [4]. Diabetes mellitus is one of the
major causes of death in Europe and the United
States [5]. From various studies, 5% of the general
population of the USA will eventually develop the
disease.
The prevalence of diabetes has steadily increased
for the past 3 decades and is growing most rapidly in
low and middle-income countries [6, 7]. About 1 in 11
adults worldwide have diabetes mellitus, 90% of
whom have type 2 diabetes mellitus [8-9]. More than
16 million people were estimated to have diabetes in
the AFRO region and the figure is expected to
increase to 41 million to by the year 2045 [10].
Polypharmacy is common in clinical practice [11-13].
The chronic treatment with one drug may be
supplemented by a further short-term treatment with
a second drug, or several drugs may be coadministered on a long-term basis [11, 12]. It is
therefore important to consider the possibility of drug
interactions [6, 14-16].
Drug interactions occur when two or more
compounds are administered simultaneously and
one drug affects the pharmacokinetics or the
pharmacological activity of the other. These may be
complex and influenced by many factors [17, 18].
Among the various hypoglycaemic agents,
metformin has been widely used in clinical practice
[19 - 22]. Metformin has the advantage of less likely
to experienced secondary failure [23, 24], owing to
their well-established efficacy and safety profile. It is
a drug of choice for the treatment of type 2 diabetes
mellitus in the elderly [25, 26], children and
adolescents [27].
Many high performance chromatographic (HPLC)
methods for the analysis of metformin in plasma
were reported but most of the methods used were
either ion pair reagent or cation exchange column
[28, 29], but some methods reported require
elaborate sample preparation [15, 30].
To the best of our knowledge, there is very little work
done on possible interactions of metformin with
amoxicillin / cloxacillin. This study, therefore, is
aimed at investigating the effect of amoxicillin and
colxacillin on the pharmacokinetic profile of
metformin in freshly diagnosed diabetic volunteers

General Hospital Zaria, Kaduna State Nigeria. For
the purposes of this study, diagnosis of diabetes
mellitus was made by the presence of classic
symptoms of hyperglycemia and fasting plasma
glucose concentration ≥ 130 mg/dL. The ethical
clearance for the present study was obtained by the
proper representation and discussion of various
ethical issues with the human ethics committee of
Ahmadu Bello University Zaria, Nigeria with the
reference number of FMED/COMM/19. All
volunteers gave their written informed consent,
which was documented and archived.
Inclusion/exclusion criteria
At baseline, a structured questionnaire was
completed for each volunteer that included medical
history, prior hospital admissions, and clinical and
laboratory data. For inclusion, volunteers for the
study are patients freshly diagnosed and were on
lifestyle modification, willingness to fill an informed
consent form, nonsmokers, non-alcohol drinking,
and willingness to abstain from heavy exercise. They
were not on other medications and caffeine during
the study, and have a Body Mass Index (BMI) of less
than 30 kg/m2. Pregnancy was excluded, volunteers
were not undergoing any medication or planned
treatment during the study period.
Study design and blood sampling
The criteria for selecting the participants were based
on the National Diabetes Data group's
recommendation of 1989 and the selection was done
by the practicing clinician. Twelve freshly diagnosed
diabetic patients with age ranging from 29.0 ± 4.9
years, weight 66.1 ± 10.5 kg, and height 162.8 ±
10.6 cm participated in the study.
The protocol adopted was a one-way single dose
cross-over study in two periods. Each phase was
preceded by an overnight fast. The subjects act as
their own control. The study was divided into two
phases with a washout period of one week between
the phases. In phase one, metformin (1 g) alone was
administered to all the subjects after overnight
fasting. In phase two, the subjects were divided into
two groups, with six subjects in each group. Group
one received a single dose of metformin with
amoxicillin (1 g) with 150 ml of water [1, 4 &31], while
group 2 received metformin co-administered with
cloxacillin (1 g) in the same manner. Blood samples
were collected at different time intervals of 0, 0.5,
1.5, 3.0, 4.0, 6.0, 8.0,12, 16 and 24 h post drug
administration and stored in an EDTA vacutainer at
– 4 ͦ C before analysis. The concentration of

MATERIALS AND METHOD
Subjects and ethical clearance
The subjects were diagnosed of diabetes mellitus at
the Medical Outpatient Department Gambo Sawaba
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Metformin hydrochloride was estimated by injecting
20 μL of deproteinized supernatant liquid into the
HPLC on a C–8 column (4.6 x 150 nm), mobile
phase
acetonitrile/potassium
dihydrogen
orthophosphate (21:79) and a UV detector at 236
nm.

236 nm column oven temperature was ambient.
Sulphadoxine was used as an internal standard.
Pharmacokinetic parameters and statistical
analysis
The pharmacokinetic parameters were determined
for the two phases of the study. The highest plasma
concentration observed and the corresponding time
was defined as the Cmax and Tmax values,
respectively. The elimination rate constant (Ke) was
obtained by linear regression from the best-fit slope
of the terminal log-linear decay in plasma
concentrations versus time profile. The half-life (t1/2)
was obtained as 0.693/Ke. The area under the
plasma concentration curve to the last quantifiable
concentration (Ct) at time t (AUC0-t) was determined
by linear trapezoidal integration. The AUC
extrapolated to infinity (AUC0-∞) was calculated as
AUC0-t + Ct/Ke [25]. Pharmacokinetic parameters
such as maximum plasma concentration (Cmax), time
to maximum plasma concentration (tmax), total body
clearance (Cl), volume of distribution (VD), area
under the curve from zero hours to last measurable
concentration (AUC0-t), Area under the curve (from
zero hours to infinity (AUC0-∞), area under the
moment curve from zero were generated with the
aid of the Software – Pharm PK software [6,33,34].
Data were expressed as mean ± SEM. Graph Pad
Prism Version 7.02 software for Windows (San
Diego California, USA) was used for data analysis
using Wilcoxon (matched-pairs) signed rank test with
p<0.05 considered significant as shown in (Tables 2
& 3). The linearity of the peak area ratios of
metformin to sulphadoxine against their
corresponding concentrations was found to be in the
range of 0.03 – 4.0 µg/mL. The linear regression of
equation from the plot is y = 343.94x + 161.11; where
y is the peak area ratios, x is the concentration,
343.94 is the slope while 161.11 is the intercept.
Coefficient of variation and a correlation coefficient
(r) of 0.983. The results showed a good response of
the detector at the concentration used.

Blood sample processing
After collection, blood samples centrifuged at 3000
rpm and plasma kept frozen in a freezer maintained
at -4 ˚C prior to analysis. The extraction method used
for thus study was adopted and modified from [32].
100 μl of metformin hydrochloride solution of
appropriate concentration and 100μl of sulfadoxine
solution (20 μg ml-1) were added to 900 μl of drug
free plasma contained in a clean 5 ml Ria Vial and
were properly mixed. To this 50 μl of protein
precipitating agent (perchloric acid: acetonitrile 50%
v/v each) was added and was vortex for 30 seconds.
After centrifugation at 3000 rpm for 10 minutes, 700
μl of the supernatant was evaporated to dryness at
45°C. The residue was reconstituted in 100 μl of
mobile phase and 20 μl of this was injected in to the
HPLC system.
Determination
concentration

of

plasma

metformin

A validated high performance liquid chromatography
(HPLC) method [16] was used in the estimation
serum metformin concentration using a HPLC
instrument (Agilent Technologies 1120 compact
model LC Series, USA) The data was validated for
range, accuracy, repeatability, intermediate
precision, coefficient correlation, sensitivity and
system suitability parameters were calculated. The
system used (Agilent Technologies 1120 compact
model LC Series USA) consist of pump type L-7100
with U.V absorbance detector (VWD) part NOG1314 and with thermostat column at ambient
temperature with auto sampler, and automatic
injection system of 10-20µl volume with different
column of each test drug, prominence with the
following accessories: SIL-20AC auto-sampler;
DGU-20A3 degasser; SPDM20A UV-diode array
detector; 5 µm VP-ODS Eclipse X BD C-8 4.6
x150mn column oven, CBM-20Alite system
controller and Windows LC solution software. The
chromatographic conditions were made up of a
mobile phase: solvent A: 0.01M KH2P04 (pH 5.4) 79
%; solvent B: acetonitrile 21%; mode: isocratic; flow
rate 1.5 ml/min; injection volume 20 μl detection UV

Precision and accuracy
Serial dilutions were prepared (500, 1000 and 4000
ng/mL concentrations) from the stock solution for
intraday variations. The same concentrations were
run 6 times in the morning and afternoon of the same
day while the same concentrations were run 6 times
a day after to get the inter-day variations. The
standard deviations of peak area ratio obtained were
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calculated followed by the coefficient of variation in
% (Table1).

the finding of [37-38], that the high AUC value of
metformin in the presence of cloxacillin capsules is
most likely responsible for the decreased plasma
glucose concentration following treatment with the
two drugs [33]. It could be because of both drugs
bound to plasma protein at the same binding sites.
Competition for binding sites when both drugs were
administered concomitantly may result in the
displacement of metformin [39]. This may be the
most likely reason for the high bioavailability of
metformin observed which resulted in an increased
of AUC and Cmax. Competition for binding sites when
both drugs are concurrently administered may lead
to the displacement of metformin from its binding
sites. In this study, there was an insignificant
decrease (P > 0.05) in the volume of distribution (Vd)
of metformin from 337852.19 ± 0.27 to 303061.43 ±
0.40 ml in the presence of cloxacillin capsules which
agreed with the result of the study carried out by[40]
on the influence of cloxacillin on the
pharmacokinetics of chlorpropamide in type 2
diabetic patients. The observed significant decrease
(p<0.05) in clearance from 59013.39 ± 0.41 to
41028.98 ± 0.37 mL/h with a reduction in the volume
of distribution when metformin 1 g was coadministered with 500 mg cloxacillin to type 2
diabetic patients, maybe due to the decrease in
elimination rate constant [41].The result of
concomitant administration of a single dose of 1 g of
metformin with 1 g amoxicillin capsules to type 2
diabetic patients, revealed changes in the
pharmacokinetics of amoxicillin. Absorption rate
constant decreased significantly (p<0.05) from 0.46
± 0.04 to 0.19 ±0.1 h-1. A statistically significant
decrease (p<0.05) in Cmax of metformin from
1.14±0.52 to 1.104 ± 0.04 µg/ml accompanied by
decrease area under the curve from 4.39 ±0.71 to
4.25 ± 0.45 µg/ml/h when administered
concomitantly with amoxicillin was recorded.

RESULTS
Twelve freshly diagnosed diabetic subjects (4 males
and 8 females) on dietary and lifestyle modification
met the inclusion criteria. Their mean age (years)
were 55.0±5.7, and mean Body Mass Index (BMI) of
24.8 ±1.9 are shown in Table 1. All subjects were
included in the pharmacokinetic analysis. The
accuracy, precision, percentage recovery, as well as
detection and quantitation limits for the developed
method are shown in (Tables 2 & 3). Satisfactory
percentage recovery, detection and quantitation
limits were achieved for metformin in the adopted
method. Table 4 showed the mean pharmacokinetic
parameters generated after a single oral dose of 1 g
of metformin alone and when co administered with 1
g of cloxacillin to the volunteers. Table 5 showed the
mean pharmacokinetic parameters generated after a
single oral dose of 1 g of metformin alone and when
co administered with 1 g of amoxicillin to the
volunteers.

DISCUSSION
Polypharmacy is common in diabetic patients [35].
Despite this growing phenomenon, the influence
of diabetes on drug metabolism in polypharmacy
has not been fully investigated [36]. This study
evaluated the effect of 500 mg amoxicillin / 500 mg
cloxacillin co-administered with 500 mg metformin in
freshly diagnosed diabetes subjects which were not
yet placed on treatment. This is to establish the need
for concomitant drug intake during the course of the
study. As shown in the result, all the pharmacokinetic
parameters generated, the interactions of amoxicillin
and cloxacillin in the pharmacokinetic profile of
metformin revealed significant pharmacokinetic
changes (P < 0.05). An increase in the absorption
rate constant ka from 0.46±0.04 to 0.58±0.04 h-1 was
observed when co-administered with cloxacillin
these changes were found to be significant (p < 0.05,
using student's t-test for paired data). Differences in
the Cmax, AUC, Vd,, Cl, lag- time were found to be
significant, while other parameters were not
significantly different in their values. There was an
increase in peak plasma concentration on coadministration of metformin with cloxacillin (Cmax)
from 1.14 ± 0.52 to 1.28 ±0.35 µg/mL while area
under the curve (AUC) increased from 4.39 ± 0.71 to
5.18 ±0.02 µg/mL/h which was statistically
insignificant at (P>0.05). This is in agreement with

CONCLUSIONS
The foregoing showed that the amoxicillin and
cloxacillin tablets may have influenced the rate of
absorption of metformin, it does not affect the
bioavailability and overall disposition of metformin
after a single oral dose the pharmacokinetics of
metformin. The findings also indicated that type 2
diabetic patients on metformin who may require
cloxacillin may require adjustment of dose regimen
to avoid the possible risk of toxicity or therapeutic
failure but on the other hand, metformin may be coadministered with amoxicillin without any possible
risk of toxicity or therapeutic failure.
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Table 1: Demographic characteristics of freshly diagnosed diabetic volunteered subjects
Characteristics

Sample Size (n=26)

Men
Women
Age (years)
Weight (kg)
Waist (cm)
Hip (cm)
Height (cm)
BMI (Kg/m2)

60.0%
40%
29.0 ± 4.9
66.1 ± 10.5
78.6 ± 8.0
91.5 ± 6.1
162.8 ± 10.6
2.4±1.9

Table 2: Intra and inter-day precision
Sample

Concentration

Intra-day run
(Metformin)

Inter- day run
(Metformin)

C.V %

N (ng/mL)

500
1000
4000

3.4±0.58
2.8±0.89
1.2±0.68

6
6
6

500
1000
4000

4.2±0.34
3.1±0.42
2.3±0.03

6
6
6

CV = Coefficient of Variation, n = Number of samples

Table 3: Percentage recovery of metformin
Sample

Concentration (ng/mL)

Metformin

20 0.00
400.0

Recovery
% ± S.D
96.52± 6.7
98.43± 7.0

N
6
6

SD= Standard Deviation.
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Table 4: Pharmacokinetic parameters of Metformin alone and metformin co-administered with cloxacillin
(Mean ±S.D, N=6)
Metformin alone
Metformin plus cloxacillin
Paired sample T-test
value
t1/2α (h)
1.5±0.03
1.2±0.05
S
Ka(h-1)
0.46±0.03
0.58±0.04
S
Cmax (µg/ml)
1.14±0.52
1.28±0.35
NS
AUC0-8( h µg/m l/h)
337,852.19±0.27
303,061.43±0.40
NS
CL(ml/hr)
59013.39±0.41
41028.98±0.37
S
Vd (ml)
337,852.19±0.27
303,061.43±0.40
NS
t 1/2β(h-1)
3.8±0.07
6.2 ± 0.03
S
Ke(h-1)
0.18±0.12
0.14±0.01
S
p<0.05 = Significant (S)

p>0.05 = Not significant (NS).

Table 5: Pharmacokinetic parameters of Metformin alone and co-administered with amoxicillin (Mean
±S.D, N=6)
Metformin alone
Metformin+ amoxicillin
Paired sample T-test
Value
S

Ke(h-1)

0.18 ± 0.12

0.19 ± 0.01

t1/2α(h)
Ka(h-1)
Cmax (µg/ml)

1.5±0.02
0.46±0.04
1.114±0.52

0.75±0.02
0.19±0.01
1.104.40±0.04

S
S
NS

Tmax(min)
AUC0-8( h µg ml/h)

3.0±0.19
4.39±0.71

3.0±0.19
4.25±0.45

NS
NS

Vd (ml)
CL(ml/h)
t 1/2β(h)

337852.19±0.27
59013.39±0.41
3.80±0.07

3497352.06±0.11
62196.88±0. 39
3.70 ± 0.02

NS
NS
S

P<0.05* =S =Significant (S)

p>0.05 = Not significant (NS).

ACKNOWLEDGEMENTS

REFERENCES

The authors want to thank the volunteers for
participating in the study. They are grateful to Mr
Mustapha (Chief Laboratory Technologist) of the
department of Pharmaceutical and Medicinal
Chemistry, University of Lagos. The authors want to
thank the volunteers for participating in the study. We
are grateful to Dr. Ado and Dr. Maryam for their
invaluable support and use of their facilities for the
study. We also thank the management of Gambo
Sawaba General Hospital, Kaduna for their
invaluable contributions towards this study. We are
thankful to Mallam A.M. Shitu of Department of
Department of Microbiology, Ahmadu Bello
University, Zaria, Kaduna State, Nigeria.

1. Marathe PH. Arnold ME, Meeker J, Greene DS,
Barbhaiya RH. Pharmacokinetics and
bioavailability of a metformin/glyburide tablet
administered alone and with food. J Clin
Pharmacol 40, 2000: 1494-1502.
2. Gardner, DG. and Shoback D. Greenspan's
Basic and Clinical Endocrinology.chapter17.9th
Edn. 2011.
3. Walker, BR., Colledge, NR. Ralston, SH. and
Penman, ID. Davidson's Principles and Practice
of Medicine.22nd edn. Elsevier, 2014 Chapter
21.
4. American Diabetes Association (ADA).
Nutritional recommendations and principles for

142

5.
6.

7.

8.

9.

10.
11.

12.

13.
14.

15.

16.

an individual with diabetes Mellilus.Diabetes
care.10, 2013:126 – 132.
Fowler,
SMJ. Diabetes Treatment, Part
1: Diet
and
Exercise.
Clinical
Diabetes.25(3),2007:105109.
Melmed, S., Polonsky, KS., Larsen, PR. and
Kronenberg, HM. Williams Textbook of
Endocrinology, 12th Edn. Philadelphia:
Elsevier/Saunders.2012, pp. 1371–1435.
Pinnamraju J, Saranya PV, Rani RK. A Pattern
of Potential Drug-Drug Interactions
in
Diabetic Foot Ulcer Patients at a Tertiary Care
Teaching Hospital. EC Pharmacology and
Toxicology 6(5) 2018:356 - 364.
Sambo, GI. Bakare-Odunola, MT. Aminu, M.
Ibrahim, AY. Magaji, G and Adzu. B. Effect of
amodiaquine on the pharmacokinetics of
glicliazide in diabetic subjects.African journal of
pharmacy and pharmacology.13 (11) 2019:
139-145.
World Health Organization (2016). Global
Report on Diabetes. Geneva, August 2016.
World Health Organization, Global Report on
Diabetes. Geneva, 2016. Accessed 30 August
2016.
apps.who.int/iris/bitstream/10665/204871/1/978
9241565257_eng.pdf
Zheng Y, Ley SH, Hu FB . Global aetiology and
epidemiology of type 2 diabetes mellitus and its
complications. Nature Reviews Endocrinology
14(2)
2017:88-98.
zttps://doi.org/10.1038/nrendo. pp.151.
WHO
(World
Health
Organization)
(2014).Diabetes Programme. Retrieved April
2014
from
http://www.who.int/diabetes/action_online/basic
s/en/
IDF . Diabetes Atlas. 6th Edition. International
Diabetes Federation 2016. Available at:
http://www.idf.org/diabetesatlas.
Rodrigues AT, Stahlschmidt R, Granja S, Pilger
D, Luis A, Falcão E, Mazzola PG . Prevalence
of potential drug-drug interactions in the
intensive care unit of a Brazilian teaching
hospital. Brazilian Journal of Pharmaceutical
Sciences.
53(1)
2017:
e16109.http://dx.doi.org/10.1590/s217597902017000116109.
McGraw-Hill
Medical:
China.Hannif.M.
Mobarak, M., and Ronan, A .Fatal renal failure
caused by diethylene glycol in paracetamol
Elixir, the Bangladesh epidemic.Brit.Med.J.311,
1995:88-91.
Lily M, Lilly M, Godwin M ."Treating prediabetes
with metformin: systematic review and meta-

17.

18.

19.
20.

21.

22.

23.
24.

25.

26.

27.

143

analysis". Canadian Family Physician Medecin
de Famille Canadien. 55 (4), 2009: 363–9.
Rowland, M and Tozer,TN. “Clinical
pharmacokinetics Cocepts and applications”3rd
Edition,
Lea & Febiger, Philadelphia,
London, 1995.
Greenblatt DJ, von Moltke LL, Harmatz JS,
Shader
RI.
Pharmacokinetics,
Pharmacodynamics and drug disposition.
https://acnp.org/wp-content/uploads/2017/11/
CH38_2017 pp.507-524.pdf.
Labaune JP. Hand book of pharmacokinetics
1st Edition, Ellis Horwood Ltd, 1989 pp. 569-70.
Ogunbona FA, Onyeji CO, Bolaji OO, Adedoyin
A . Pharmacokinetics: principles and
applications. Ibadan University Press.2014 pp.
1-67.
Colagiuri S, Matthews D, Leiter LA, Chan SP,
Sesti G, Marre M. The place of gliclazide MR in
the evolving type 2 diabetes landscape: A
comparison with other sulfonylureas and newer
oral antihyperglycemic agents. Diabetes
Research and Clinical Practice 143:2018 pp. 114.
https://doi.org/10.1016/j.diabres.2018.05.028.
Kalra S, Bahendeka S, Sahay R, Ghosh S,
Fariduddin M, Orabi A, Das AK . Consensus
Recommendations on Sulfonylurea and
Sulfonylurea Combinations in the Management
of Type 2 Diabetes Mellitus – International Task
Force. Indian Journal of Endocrinology and
Metabolism 22 (1) 2018:132-157.
Labaune JP . Hand book of pharmacokinetics
1st Edition, Ellis Horwood Ltd, 1989 pp. 569570.
Leiter LA, Marina V, Shestakova MV, Satman I.
Effectiveness of gliclazide MR 60 mg in the
management of type 2 diabetes: analyses from
the EASYDia trial. Diabetology and Metabolic
Syndrome
10:30
2018.
https://doi.org/10.1186/s13098-018-0331-8
Sola D, Rossi L, Schianca GP, Maffioli P,
Bigliocca M, Mella R, Corlianò F, Fra GP, Bartoli
E, Derosa G (2015). Sulfonylureas and their use
in clinical practice. Archives of Medical Science
11(4)
2015
:840-848.
https://doi.org/10.5114/aoms.53304
World Health Organization Department of Non
communicable Disease Surveillance (2010).
Definition, Diagnosis and classification of
diabetes mellitus and its complications.
(http://whqlibdoc.who.int/hq/1999/WHO_NCD_
N CS,99.2.pdf).
Wang H, Ren Q, Han X, Chen J, Zhou L, Chen
Y, Ji L . Factors of primary and secondary

28.

29.

30.
31.

32.

33.

34.

sulfonylurea failure in type 2 diabetic subjects.
Journal of Diabetes 9(12) 2017:1091-1099
https://doi.org/10.1111/1753-0407.12542
Onge ES, Miller SA, Motycka C, DeBerry A. A
review of the treatment of type 2 diabetes in
children. Journal of Pediatric Pharmacology and
Therapeutics 20(1) 2015:4-16.
Liu A, Coleman SP. "Determination of metformin
in human plasma using hydrophilic interaction
liquid
chromatography-tandem
mass
spectrometry". Journal of Chromatography. B,
Analytical Technologies in the Biomedical and
Life Sciences. 877(29),2009: 3695–700.
Shi, Y.and Hu, FB. The global implications of
diabetes and cancer. The Lancet.383(9933)
2014:1947–1948.
Makaryus, AN. and McFarlane, SI. Diabetes
insipidus: Diagnosis and treatment of a complex
disease. Cleveland Clinic Journal of Medicine.
73(1), 2013:65-71.
PattanaSripalakit AB, PenpornNeamhom B,
AurasornSaraphnhotiwitthaya
.C.
High
performance liquid chromatographic method for
the determination of pioglitazone in human
plasma using ultraviolet detection and its
application to pharmacokinetic study Journal of
Chromatography B; 843, 2006: 164-169.
Bhavesh
D,.Chetan,
G
Bhat1
K.
M.andShivprakash
."Estimation
and
pharmacokinetics of metformin in human
volunteers".Indian journal.Pharm.Educ. Res.
41(2)2007:135-139.
Garba,MA,
Bakare-Odunola,
MT,
GarbaM,.Haruna,A. and Bako, R. Effects of
metronidazole and amoxicillin on the
pharmacokinetics of metformin in type ii diabetic
patients. Federal University Wukari Trends in
Science & Technology Journal 3 (1), 2018, 309
– 313.

35. Joel I.U, Atul D, Diane T.L (2012). PK Function
on Microsoft excel. Department of
pharmacokinetics and drug Metabolism.
Allergen, Irvine, CA 92606. USA.
36. Yang JF, Wei GL, Lu R . Determination of
metformin in Human Plasma by high
Performance liquid chromatography. Asian
Journal
of
Drug
Metabolism
and
Pharmacokinetics 4(3), 2004:231-234.
37. AL-mohamadi AA, Ibrahim DA. Possible Study
of Drug-Drug Interactions between Lisinopril
and Gliclazide in Experimental Animals. Journal
of Drug Discovery and Therapeutics 3(33)
2015:04-12
Retrieved
from
http://jddt.in/index.php/jddt/article/view/344
38. Hills, S.Penicillin Antibiotics. In: Antibiotics in
Clinical use. Oxford University Press,
London.1987, pp 2-4.
39. Paxton, WJ. Drug absorption and distribution.
In: Pharmacokinetics in clinical practice1. The
New Zealand Medical Journal. 694, 1989: 304306.
40. Ptalsky,KM. Disease-induced changes in the
plasma
binding
of
basic
drugs.Clinpharmacokin.5, 1980;246-262.
41. Bakare-Odunola, MT., Garba, M., Enemali, SI.,
Okeniyi, SO. and Gebi, The influence of
ampicillin/cloxacillin on the pharmacokinetics of
chlorpropamide in Type 2 diabetic patients.West
African Journal of pharmacology. Drug
Research 17: (1&2), 2001, 74-76.
42. Charles, BG., Precechagoom, Y., Lee, TC.,
Sheer, PA., Flennady, VJ. and Debuse, N.
Population pharmacokinetics of intravenous
amoxicillin in very low birth weight
infants.Journal
of
Pharmaceutical
Sciences.86(22), 2009,1288-12292.

144

