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Abstract:
Multi-drug resistant ESKAPE pathogens are listed by WHO as threat to mankind. 
These microorganisms developed resistance mechanisms against some commonly 
used antimicrobials and drugs. New antimicrobials can be a combination of 
nanotechnology and plant constituents. Silver nanoparticles demonstrated already 
in many investigations unique antimicrobial properties during the last decade. 
Plants contain multiple biocompounds, which exert antimicrobial activities due to 
their synergistic actions. We investigated the antimicrobial activities of well-known 
cinnamomum zeylanicum (Cinn) with iodine (I2), stabilized with 
polyvinypyrrolidone and compared the results with their trans-cinnamic acid (TCA) 
equivalents. The compounds were tested against five microbial strains by agar-well 
and disc-diffusion methods on discs and polyglycolic acid (PGA) sutures. The title 
compounds were characterized by different analytical methods and showed 
excellent to intermediate inhibition of the tested pathogenic strains. Our 
compounds can be seen as alternative disinfectants and coating agents on surgical 
sutures in the prevention of surgical site infections.
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Introduction
Antimicrobial resistance is a danger to mankind according to 
the World Health Organization (WHO) [1]. Resistance 
occurred due to increase in uncontrolled, irrational antibiotic 
use, lack of incentives and research efforts for the 
development of new antibiotics [2]. ESKAPE pathogens like 
Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and Escherichia coli are multidrug resistant 
microorganisms are a cause of dangerous nosocomial 
infections [2].
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Introduction
Morbidity and mortality caused by infectious diseases 
through microorganisms and increased resistance towards 
antibiotics is on the rise. The survival of the human race 
depends on development of new anti-bacterial compounds. 
Inorganic antimicrobial agents, like the elements iodine, 
silver and copper [4], and combinations of these elements 
[5,6] are important for drug development and biocidal 
applications [4-6]. 
Long term effectiveness and stability of the biocidal agent
are important requirements. This can be achieved by using
polyiodide-structures as a complex, molecular backbone,
releasing the biocidal agent slowly and effectively over a long
period of time due to halogen bonding [7].
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Introduction
At the same time investigations of polyiodides result in stable
compounds predestined for long term release of iodine in
controlled manner due to halogen bonding [7,8].
The controlled release increases the activity of the drug by
longer activity on the site and reduces side effects because
less antimicrobial agent is needed [7].
Plant-synthesized nanomaterials are excellent alternatives to
conventional drugs [7,9].
Nanomedicine can reduce the negative impact of resistant
pathogens. Biosynthesized silver nanoparticles (AgNP) have
good antimicrobial activity [7,9].
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Results and discussion
In this work, we investigated combinations of 
hydrophobic trans-cinnamic acid (TCA), 
natural cinnamomum zeylanicum bark extract (Cinn) and 
hydrophilic povidone iodine (PI) to increase the antimicrobial 
effect of AgNPs. 
Our hypothesis is to optimize antimicrobial activity of AgNPs by 
combining silver nanoparticles with the known microbicidal
agents TCA, Cinn, and PI. 
Reducing the AgNP content will decrease its hazards to human 
health and environment. The adverse effects related to PI and 
iodine can be minimized by this potent combination through 
controlled release of iodine [7].
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Results and discussion
We synthesized AgNPs with trans-cinnamic acid (TCA) and 
povidone-iodine (PI) with enhanced antimicrobial activity. 
Additionally, we prepared AgNPs with natural cinnamon bark 
extract (Cinn) with PI and coated biodegradable Polyglycolic
Acid (PGA) sutures with the new materials separately.
We used trans-cinnamic acid for the chemical reduction and 
natural cinnamon bark extract for the biological reduction 
(green synthesis) of silver nitrate to AgNPs. 
TCA and cinnamomum zeylanicum bark extracts (Cinn) act also 
as reducing, capping, and stabilizing agents [7]. 
PI is a stabilizing agent and reservoir for triiodide anions 
releasing free molecular iodine for biocidal action [7]. 
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Results and discussion
TCA, Cinn, and PI as stabilizing agents prevent agglomeration of 
silver, resulting in smaller AgNPs and better microbial growth 
control. 
This hybrid antimicrobial agent/biocide/drug delivery system 
can be an advantage to prevent SSI and biofilm formation:

TCA-AgNP, TCA-AgNP-PI, 

Cinn-AgNP and Cinn-AgNP-PI
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Results and discussion

TCA-AgNP, TCA-AgNP-PI, 
Cinn-AgNP and Cinn-AgNP-PI 
and their dip-coated PGA sutures were tested against 
10 reference strains of microorganisms and 
compared to four common antibiotics (chloramphenicol, 
cefotaxime, gentamycin, and nystatin) by zone inhibition with 
disc- and agar-well-diffusion methods. 

TCA-AgNP-PI and Cinn-AgNP-PI are broad spectrum 
microbicidal agents and can be used to coat sutures to prevent 
the development of Surgical Site Infections (SSI).
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Results and discussion

Our compounds exhibited microbicidal action. 
The Gram-negative pathogens P. aeruginosa, E. coli, K. 
pneumoniae, and the Gram-positve S. aureus were inhibited by 
TCA-AgNP-PI and its dip-coated PGA suture stronger than Cinn-
AgNP-PI. 
The size of the nanoparticles :
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Conclusions

TCA-AgNP-PI has stronger antimicrobial activity against the 
studied pathogens than Cinn-AgNP-PI. 

We confirmed the composition of TCA-AgNP-PI and Cinn-AgNP-
PI by DLS, UV-Vis, FT-IR, Raman, XRD and microstructural 
analysis by SEM/EDS. 

Smart materials based on synergistic antimicrobial action are 
interesting alternatives against resistant microorganisms.
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