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Background: The human gastrointestinal (GI) tract contains a variety of microbial species that constitute
the gut microbiota. The gut microbiota has a role in host immune health and defence against pathogenic
organisms. The composition of gut microbiota is affected by several factors that impact the role of the GI
tract, one of these factors influences medications, in particular antibiotics, however, recent findings
revealed that non-antibiotic medications significantly impact the diversity of gut microbiota as well.
Therefore, this study was conducted to investigate the effect of three commonly prescribed medicines
in vitro.
Methods: Amlodipine, metformin and atorlip (atorvastatin calcium) tablets, which are frequently admin-
istered for lowering blood pressure, diabetes type II and cholesterol respectively, were included in this
study. To study the antibacterial activity against potential pathogens, agar-well diffusion assay and min-
imum inhibitory concentration (MIC) was used.
Results: The outcomes indicated that metformin and atorlip showed less activity against both Gram-
positive and Gram-negative bacteria. The drug of lowering cholesterol amlodipine significantly inhibited
the growth of all tested bacterial strains. The zone of inhibition ranged between 12 and 30 mm. B. casei
was highly susceptible and the zone of inhibition was 30 mm, conversely the opportunistic pathogen P.
aeruginosa showed resistance against amlodipine and the zone of inhibition was only 12 mm. The MIC
values ranged from 0.039 to 0.612 mg/L. Conclusion: The present findings revealed that two of the used
medicines (metformin and atorlip) showed no antimicrobial properties, in contrast, amlodipine reflected
a potent impact against all examined microbes either probiotics or potential pathogens at very low
concentrations.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Microorganisms commence colonizing the human body by the
first moments of birth (Milani et al., 2017). The community of such
collection of microbes is called the microbiome. This term includes
these microorganisms and all related genetic materials and the
secreted substances of these microbes that occupy the human body
(Mousa et al., 2022). The microbiota of humans is a very complex
community and dynamic changes are occurring in these microor-
ganisms during the different human age levels, nevertheless, the
stage after adulthood and before aging represents the most stable
period for gut microbiota which contribute to host growth
(Thursby and Juge, 2017; Herzog et al., 2021). Consequently,
human health is regulated positively or negatively by the micro-
biota that is inhabited in or on the body organs (Vos et al., 2022).
A direct relationship between gut microbiota and the host health
was reported. These microorganisms, particularly probiotics, con-
tribute in metabolizing nutrients, digesting polysaccharides that
are complex and indigestible and providing the essential molecules
that the host-body lack its pathways to synthesize substances such
as certain vitamins as well as protecting against pathogens and
evolving the immune system (Lazar et al., 2019). For instance,
the short-chain fatty acids (SCFAs) as gut microbiota secondary
metabolites (Silva et al., 2020). SCFAs are short-chain organic
molecules composed of less than 6 carbon atoms, such compounds
are produced as a result of fermentation of complex polysaccha-
rides by obligate anaerobic bacteria in the large intestine
(Den Besten et al., 2013). Acetate, butyrate and propionate are
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the notable SCFAs that demonstrated to play a significant role in
human health through protecting from inflammatory response,
inducing mucus production, preserving intestinal barrier integrity,
enhancing insulin secretion and minimizing the risk of colon can-
cer as well as inhibiting the activity of histone deacetylase (HDAC)
that effect on brain functions (Markowiak-Kopeć et al., 2020; Silva
et al., 2020). Alteration in the SCFAs production levels due to dis-
ruption in gut microbiota, i.e. losing the bacterial taxa that produce
such molecules, were correlated to several human diseases such as
autism (Liu et al., 2019), multiple sclerosis (Melbye et al., 2019)
and Inflammatory Bowel Diseases (IBD).

Throughout the host life the diversity of microbiota is affected
by several factors including, environmental factors, host genetics,
antibiotics, nutrition and health state either during wellness or dis-
eases (Laursen et al., 2021; Senn et al., 2020). Among the all factors,
antibiotics possess the inhibitory affect on the distribution of gut
microbiota, several studies demonstrated the potent impact of
medications on gut microbiota (Ramirez et al., 2020;
Konstantinidis et al., 2020). However, the impact of long-term
use of medicines on the diversity of gut microbiota is rarely stud-
ied. Therefore, the aim of this study is to investigate the impact of
drugs on the gut bacterial population.
2. Materials and methods

2.1. Materials

Bacterial culture media including nutrient broth (NB), nutrient
agar (NA), Mueller Hinton agar, De Man Rogosa and Sharpe (MRS)
agar medium and the standard antibiotics were obtained from
Himedia (Mumbai, India). Medications for diabetic type II, choles-
terol, and hyper tension were purchased from local medicine
suppliers.
2.2. Preparation of bacterial inoculum

Gut microbiota was used in this study. These include probiotics
bacterial strains such as Brevibacterium casei, Lactobacillu splan-
tarum KACC 15,357 and potential pathogens Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27584, Acinetobacter sp.ATCC
49139, Klebsiella pneumonia ATCC 13,883 and Salmonella typhimur-
ium ATCC 14028. All strains were inoculated into NB and NA media
except for L. plantarum which was cultivated by MRS medium. The
plates were incubated at 35 ± 2 �C for 18–24 h in a shaker incuba-
tor at 120 rpm. Then it was stored at 4 �C until further use.
2.3. Effect of medicines on the growth of probiotic strains

A stock solution of three drugs for cholesterol (20 mg), diabetes
(500 mg) and blood pressure (5 mg) (amlodipine, metformin and
atorlip) was prepared by dissolving tablets in 1:1 (v/v) DMSO/
distilled water (DW). The bacterial inoculum was prepared for
agar-well diffusion assay by adding bacterial culture into test tubes
containing 5 ml sterile DW to obtain bacterial suspension equal to
0.6 optical density (OD 600 nm). The optical density was measured
with a spectrophotometer and the cell density was approximately
1 � 108 CFU/ml. The bacterial strain suspension was swabbed onto
Mueller-Hinton agar plates and MRS plates were used for probiotic
L. plantarum. The diluted medicine with a final concentration of
10 mg was added into the well, and streptomycin (10 lg) was used
as a positive control. Plates were kept at refrigerator 4 �C for 20
mins and further incubated at 35 ± 2 �C for 18–24 h. The inhibition
zone was measured in mm.
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2.4. Statistical analysis

Analysis of variance (ANOVA) was used to determine the varia-
tion of the medication’s effect on the tested bacteria. The Microsoft
Excel software was used to test the significance and the ‘‘p”
value less than 0.05 was considered to be statistically significant.
3. Results

The influence of three commonly prescribed long-term medica-
tions for chronic diseases, Amlodipine, Metformin, and Atorlip
(atorvastatin calcium) were screened for their antimicrobial activ-
ity against several human gut probiotics and potential pathogens.
The chemical structure of the medicines was illustrated in Fig. 1.

The findings of susceptibility to these medications revealed that
metformin and atorlip showed no antibacterial activity at 10 mg
concentration against the selected bacteria. Moreover, significant
results were reported with amlodipine which possesses potent
antibacterial activity against all the tested bacteria as indicated
in Fig. 2, the gut probiotic B.casei and E. coli ATCC 25,922 both sig-
nificantly influenced by this drug with a zone of inhibition of
30 mm and 24 mm, respectively (Fig. 3). The activity of amlodipine
against remaining strains including L. plantarum KACC 15357,
Acinetobacter sp.ATCC 49139, K. pneumonia ATCC 13,883 and S.
typhimurium ATCC 14,028 was moderate range between 16 and
20 mm zone of inhibition. In contrast, P. aeruginosaATCC 27,584
was less susceptible by amlodipine with and the zone of inhibition
was 12 mm. In comparison to the control antibiotic, the effect of
pressure medication towards bacterial strains including B. casei,
Acinetobacter sp., L. plantarum was higher in contrast to other
microbes which were more susceptible to streptomycin than
amlodipine (Fig. 2) (p > 0.05).

To determine the minimum inhibitory concentration (MIC) of
amlodipine, micro-broth plate (96 well) method was used at vari-
ous concentrations; 5, 2.5, 1.25, 0.625, 0.312, 0.156, 0.078 and
0.039 mg. The findings of the MIC test showed high consistency
with the agar-well diffusion assay. The MIC values for B. casei
and Acinetobacter sp. were the lowest by 0.078 and 0.039 mg, how-
ever, approximately the half of tested bacteria showed MIC value
of 0.156 mg including L. plantarum, E. coli and S. typhimuriumwhile
the growth of K. pneumonia mostly inhibited at a concentration of
0.312 mg. Similarly, among all bacterial strains as in well diffusion
results, P. aeruginosa showed the lowest susceptibility to pressure
medications and the MIC value was 0.612 mg.
4. Discussion

The human body contains>100 trillion symbiotic microbes,
which have a significant impact on human health (Young, 2017;
Wang et al., 2017). Recently research reported that gut microbiota
interaction with several medications by which the microbiome
may interfere with the pharmacologic treatments leading to
impact the drug’s efficacy (Zhang et al., 2020; Walsh et al., 2018),
in contrast, these medications may show antimicrobial properties
against gut microbiota leading to imbalance or disruption the gut
microbiota structure (Vich Vila et al., 2020), a growing number of
studies have demonstrated that intestinal dysfunctions and patho-
logical states may be caused by dysbiosis in the gut microbiota
(Zha et al., 2020). Several studies reported that antibiotics play a
significant role in the imbalance the gut microbiome composition
leading to rise the antibiotic resistance (Francino, 2016; Langdon
et al., 2016; Ramire et al., 2020), however, other studies attributed
the prevalence of antimicrobial resistance to components other
than antibiotics, such components including non-antibiotic mole-
cules, metals and biocides have antimicrobial activity. Among



Fig. 1. Chemical structure of amlodipine, metformin and atorlip.

0

5

10

15

20

25

30

35

Zone of inhibi�on (mm)

Amlodipine (10 mg) Me�ormin (10 mg) Atorlip (10 mg) Streptomycin (10 μg)

Fig. 2. Antimicrobial activity of amlodipine, metformin and atorlip on probiotic and pathogenic bacterial strains.

H. Abdulrahman Alodaini Journal of King Saud University – Science 35 (2023) 102443
them, it is believed that prescribed medicines significantly affect
the composition of the gut microbiota (Ko et al., 2017). Statins
are well-known medications used as first-line therapy for lowering
cholesterol (Berne et al., 2005). Statin drugs found to have negative
impact on gut microbiota structure in multiple microbiome studies
(Dias et al., 2020; Vieira-Silva et al., 2020). Kim et al. (2019) have
demonstrated that statin consumption is implicated in increasing
the abundance of bacterial genera including Bacteroides, Butyrici-
monas, andMucispirillum that are associated with intestinal inflam-
mation in mice due to the release of inflammatory factors such as
Interleukin 1 beta (IL-1b) and Transforming growth factor b
(TGFb1). Although, the present finding did not show any antibacte-
rial properties for cholesterol-lowering drug atorlip tablets (Ator-
3

vastatin calcium) at the concentration of 10 mg/L against tested
the tested bacteria. In a study conducted by Ko et al. (2017) found
that MIC for list of statins drugs are atorvastatin, fluvastatin, lovas-
tatin, pravastatin, pitavastatin, rosuvastatin and simvastatin,
which exhibited an antibacterial properties against both gut and
pathogenic bacteria at concentrations between 32
and > 1,024 lg/mL. Despite that metformin showed no activity
towards any of bacterial strains included in this study at concen-
tration of 10 mg/well, nevertheless, microbiome studies showed
that such medicine possess a negative impact on gut microbiota.
Studies investigated the effect of metformin on diversity of gut
microbes in patients with obesity and type 2 diabetes mellitus
showed a significant alteration in gut microbiota composition,



Fig. 3. The impact of three medications against B. casei and E. coli. C; standard antibiotic control (streptomycin, 10 lg), 1: amlodipine (10 mg), 2: metformin (10 mg) and 3:
atorlip (10 mg).
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members of Bacteroidetes and Verrucomicrobiaphyla were signifi-
cantly shifted while the most affected genera were Escherichia,
Akkermansia and Bacteroides (Zhang and Hu, 2020; Silamiķele
et al., 2021). Chen et al. (2022) reported that administration of
metformin resulted in elevating the abundance of gut probiotic
SCFAs-producer Akkermansiamuciniphila which have a positive
impact on the host body health. Amlodipine is a drug that lowers
blood pressure and treats coronary artery disease (Cussotto et al.,
2019), the interaction studies between gut microbiota and
amlodipine mostly focused on the influence of microbiota on
metabolized of amlodipine . Yoo et al. (2016) showed that the sys-
temic amlodipine bioavailability was elevated when this drug was
administered alongside antibiotics, co-administered, which indi-
cates the involvement of gut microbiota in the biotransformation
of amlodipine leading to a decrease its bioavailability and eventu-
ally resulted in resistance to amlodipine. Conversely, the effect of
this medication on the diversity of gut microbes was not investi-
gated yet according to our knowledge,the in vitro findings of this
study on the impact of amlodipine on the list of gut bacterial
strains predicted that such medication potentially possess signifi-
cant effect on composition of gut microbiota.
5. Conclusion

In conclusion, non-antibiotic therapies proved to remarkable
induce a notable shift in gut microbiome diversity as demonstrated
in many studies. The present findings revealed that two of the used
medicines (metformin and atorlip) showed no antimicrobial prop-
erties, in contrast, amlodipine reflected a potent impact against all
examined microbes either probiotics or potential pathogens at
very low concentrations. Further works are required to study the
impact of these drugs on probiotic or pathogenic strains.
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