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Bacterial biofilms are responsible for several difficult-to-cure infectious diseases.
Biofilm is more resistant to the host immune system as well as to antibiotic treatments more
than planktonic cells. Therefore, combating bacterial infections by inhibiting or eradicating
biofilm formation of the bacterium is a medically important challenge. The aim of this study
was to investigate the anti-biofilm activity of Ya-Sa-Marn-Phlae and its effective herbal
component, Garcinia mangostana against biofilm producers, Pseudomonas aeruginosa
ATCC10145 and Staphylococcus epidermidis ATCC35984. The herbal preparations include hot
oil extractions of Ya-Sa-Marn-Phlae prepared from dried (D-YSMP) and fresh herbal materials
(F-YSMP) and hot oil extractions of dried (D-GM) and fresh Garcinia mangostana pericarp (F-
GM).

Inhibitions of biofilm development on hydrophobic (polystyrene) surface were tested
by crystal violet (CV) assay and hydrophilic (glass) surface was observed by scanning electron
(SEM) and atomic force (AFM) microscopes. Tested herbal preparations displayed anti-biofilm
development activity of P. aeruginosa and S. epidermidis on the polystyrene surface at the
tested concentrations of 50-0.78% (v/v). Significantly reduction in biofilm formation of P.
aeruginosa on this surface was found after treatment with D-YSMP, F-YSMP and F-GM at 0.78%
(v/v), whereas there is no the growth inhibition effect of the planktonic cells was observed at
this concentration. SEM was used to furnish images of biofilm reduction after the treatment,

while AFM was used for characterizing roughness averages, peak height, and peak-valley height



of the treated biofilms. Even though, treatments with all herbal preparations (50% v/v)
resulted in the reduction of both P. aeruginosa and S. epidermidis biofilm formation by SEM
images, only D-YSMP and D-GM significantly affected the roughness averages of the treated

biofilms.

As there is an urgent need to identify therapeutic strategies that are directed toward
the inhibition of bacterial preformed biofilm, the eradication potency of the preparations was
additionally evaluated. Static P. aeruginosa and S. epidermidis biofilms were grown for three
days on both hydrophobic (polystyrene) and hydrophilic (glass) surfaces and then directly
treated with the preparations. The eradication of mature biofilm on hydrophobic surface was
tested by MTT (3-(4,5-dimethylthiazol-2-yl)-2, 5 - diphenyltetrazolium bromide) tetrazolium
reduction assay. Reductions in the bacterial metabolic activity in the preformed biofilms of
both pathogens were seen approximately 40-70% after exposure to D-YSMP form 3 to 9 h,
while treatment with D-GM only caused a remarkable eradication of a 3-day-old biofilm of P.
aeruginosa. Following an 18-h treatment with the preparations, CLSM combined with
LIVE/DEAD viability staining revealed that bacterial cell death did not occur in P. aeruginosa
maturing biofilms, however remarkable reductions in biomass, average thickness, maximum
thickness, and surface to volume ratio were noted. In contrast with S. epidermidis biofilm,
CLSM images disclosed that treatment with D-YSMP and D-GM caused bacterial cell death in

maturing biofilms, but there is no reduction in biomass of the biofilms.

Promising anti-biofilm activity was displayed by D-YSMP and D-GM suggesting further
investigation in order to explore the possible utilization and development of the preparation
as an anti-biofilm agent, especially for wound treatment. This present study therefore aimed
to evaluate in vivo wound healing activity in both non-diabetic and diabetic rats and reveal
the possible mechanism of enhancing wound healing. T-YaSP significantly accelerated the
wound healing process in both non-diabetic Wistar rats and type 2 diabetic Goto-Kakizaki (GK)
rats, evidenced by the faster rate of wound construction, collagenation, and decreased the
level of inflammatory markers compared to the vehicle control group. T-YaSP potently
inhibited several oxidative stress and pro-inflammatory markers including MDA, NO, MPO, TNF-
beta, COX-2 and iNOS in carrageenan-induced paw edema model. The presence of arecoline

(A. catechu), bisdemethoxycurcumin, demethoxycurcumin, curcumin, curcumenol (C. longa)
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and alpha-mangostin (G. mangostana) might be responsible for its wound healing potency

and anti-inflammatory activity.
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