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ABSTRACT

Background: Clinical evidences suggest antimicrobial activities of a new oil extract mixture of
Hypericum perforatum and Azadirachta indica, included in a polymeric scaffold (or Hyperoil™
Polimeric Substrate - HPS).

Methods: Bacteriostatic activity was investigated on selected strains of Staphylococcus aureus
(ATCC® 12598™), Pseudomonas aeruginosa (ATCC® 10145™) and Klebsiella ozaenae AM
through standardized in vitro tests.

Results and Conclusion: All bacterial strains were stabilized or reduced in size after 3 and 24
hours contact with the HPS if compared to the empty polymeric scaffolds.

Results showed the bacteriostatic effect of HPS that, added with its anti-inflammatory properties,
could explain its tissue repair effects observed in vivo.

Keywords: Hypericum perforatum; Azadirachta indica; Staphylococcus aureus (ATCC® 12598™);
Klebsiella ozaenae AM and Pseudomonas aeruginosa (ATCC® 10145™); bacteriostatic
effect; scaffold; Hyperoil™ polymeric substrate.
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1. BACKGROUND

Nimh (Azadirachta indica) extracts have been
used for centuries in the traditional Indian
medicine; its oil, obtained with cold extraction
from its berries, is also included in the Ayurvedic
Pharmacopoeia of India [1]. Nimh oil contains
diterpenoids and triterpenoids having cicatrizing
[2], bacteriostatic [3], antifungal [4], immune-
modulatory [5] and anti-inflammatory properties
[6]. Nimh oil resulted relatively safe for external
application in wounds [7].

The oil extract of Hypericum perforatum flowers
was esteemed as one of the most popular
remedy for excoriations, wounds and bruises [8].
This  product showed anti-infective [9],
antiphlogistic and cicatrizing activity [10] while
anti-inflammatory effects of H. perforatum
extracts were recently demonstrated [11] thus
providing the rationale for wusing these
preparations in legs wounds, together with nimh
oil extract [12].

Hyperoil™ is a mixture of hypericum flowers
extract (H. perforatum) and nimh oil (A. indica)
produced by RIMOS S.r.L. Mirandola (MO) - Italy
(Medical Device Class [IB CE0476), available as
oil, gel, cream and gauze gel, that was recently
used in complicated diabetic foot ulcers [13].
RIMOS developed a Hyperoil™ Polymeric
Substrate (HPS) where Hyperoil™ oil was
included in a polymeric scaffold, constituted by a
fibrous membrane of poli (L-lactic) acid (PLLA),
reproducing the biologic nano-structured fibrous
matrix (extracellular matrix), whose fibers have a
diameter from 10 to 300 nm. PLLA was chosen
as it is a biocompatible, biodegradable and bio-
absorbable product and, thus, used for the
production of several biomaterials used for
tissues regeneration [14].

Hyperoil™, together with improved metabolic
control, was observed having recovered diabetic
foot ulcers [13]. In patients with diabetes mellitus,
foot infections in foot ulcers pose a significant
risk, especially when patients are hospitalized for
surgical treatments. These are complex
infections commonly caused by Staphylococcus
aureus, Pseudomonas aeruginosa and A.
baumannii, being the Gram-positive
Staphylococcus aureus and the Gram-negative
Pseudomonas aeruginosa the most common and
difficult to be treated [15] especially when
nosocomial infections occur [16]. Klebsiella
ozaenae is an enterobacterial, frequent in
nosocomial infections [17], continuously evolving

to increase its resistance [18], thus representing
a potentially difficult to be treated pathogen.

The aim of this paper is to present the results of
in vitro evaluations of the inhibitory bacteriostatic
effect of HPS on S. aureus (ATCC® 12598 ™), P.
aeruginosa (ATCC® 10145™) and K. ozaenae
AM strains, to confirm bacteriostatic effects of its
components, being maintained when included in
PLLA, on bacteria possibly related with diabetic
foot infections.

2. MATERIALS AND METHODS
2.1 Chemicals

All chemicals used, including solvents, were of
analytical grade. In details, PLLA (Lacea H.100-
E) (average molecular weight by GPC = 8.4 x 10*
g/mol, polydispersity index, PDI = 1.7) was
supplied by Mitsui Fine Chemicals (Dusseldorf,
Germany);  dichloromethane  (DCM) and
dimethylformamide (DMF) were purchased from
Sigma-Aldrich  and used without further
purification [19].

2.2 HPS

The Hyperoil™ oil mixture was incorporated in
PLLA during the electrospinning polymeric
scaffold production process to have HPS.

HPS was produced through an original
electrospinning process, licensed by RIMOS
S.r.L. Mirandola (MO) — ltaly, to create a tissue-
non-tissue, with fibers having a diameter of
600+200 nm (Fig. 1), simulating the extracellular
matrix to build the environment where cells live.
This biological fibrous matrix actively modulates
the main processes that regulate cellular
survival, proliferation and differentiation. The
HPS had an average thinning of 50 micron to
ensure its simplest usability.

The produced HPS was, then, meshed (by
Mash-Graft Il Tissue Expansion System, Zimmer
Surgical, Dover OH, USA) to ensure surface
expandability, tissue repair and the passage of
the exudate through the HPS when used as
matrix in patients with cutaneous ulcers.

The concentrations of Hyperoil™ oil included in
the different polymeric scaffolds, to obtain HPS,
were indicated as follows: 1.5% (HPS-1.5), 2.5%
(HPS-2.5), 5% (HPS-5), 10% (HPS-10) or 25%
(HPS-25) dilutions.
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The weight percentage of Hyperoil™ oil included
in the polymeric scaffolds was confirmed through
a Differential Scanning Calorimetry (DSC) exam
and resulted 0.0864 mg/cm2 for HPS-1.5, 0.218
mg/cm? for HPS-2.5, 0.432 mg/cm? for HPS-5,
0.864 mg/cm? for HPS-10, and 2.160 mg/cm? for
HPS-25.

HPS were sterilized with ethylene oxide and kept
at + 4°C before performing the experiments.

2.3 Bacterial Strains

2.3.1 In vitro bacterial assays on HPS

2.3.1.1 Bacterial strains and culture conditions

The microorganisms used in this study were
Staphylococcus aureus (ATCC® 12598™) (S.
aureus), Pseudomonas aeruginosa (ATCC®
10145™) (P. aeruginosa) and Klebsiella ozaenae
AM (K. ozaenae AM). K. ozaenae AM was a
laboratory isolate not-labelled strain provided by
the “Zooprofilattico Institute of Pavia”’, Pavia,
Italy.

P. aeruginosa (ATCC® 10145™) and K. ozaenae
AM were routinely grown in Luria Bertani Broth
(LB) (Difco, Detroit, MI, USA) whereas S. aureus
(ATCC® 12598™) grew in Brain Heart Infusion
(BHI) (Difco) overnight under aerobic conditions
at 37°C using a shaker incubator (New
Brunswick Scientific Co., Edison, NJ, USA).

These cultures, used as source for the
experiments, were reduced at a final density of
1x10" cells/mL as determined by comparing the
ODggy of the sample with a standard curve
relating ODggo to cell number [20,21]. We used
the cultures at the bacterial cell cycle indicated
as the period required for replication (known as
the C period) [22]. An overnight culture of each
bacterial strain was diluted in fresh medium and
cultured for 2-3 hrs in order to reach the OD600
around 0.6-0.7, indicative of a growth exponential
phase.

2.3.1.2 Antibacterial activity

To examine the antimicrobial activity of each
HPS sterilized, 200 pl (1x10° cells) of a growth
exponential phase of an overnight diluted
suspension of S. aureus (ATCC® 12598™), P,
aeruginosa (ATCC® 10145™) and K. ozaenae
AM cells was seeded on the surface of no
Hyperoil™ oil (Control) or HPS-1.5, HPS-2.5,
HPS-5, HPS-10 or HPS-25 and incubated for 1,
3 and 24 hrs, respectively [21].

Fig. 1. Scanning electron microscopy picture
of fibrous membrane of poli (L-lactic) acid
(PLLA) constituting the polymeric scaffold

structure

Tissue culture wells (TCPS) used as internal
control of bacterial growth were incubated with
the same cell suspension for 1, 3 and 24 hrs,
respectively.

At the end of each incubation time, the bacterial
suspension was serially diluted in its specific
culture medium and plated on the Muller Hinton
(Difco) agar plates, respectively. The plates were
incubated for 24-48 hrs at 37°C. No significant
difference was observed in bacterial growth
between cells grown on TCPS and the empty
polymeric scaffolds. The data are expressed as
number of CFU/mL.

2.4 Statistical Analysis

Results were expressed as mean number of
bacterial colonies and standard error using
Microsoft Excel worksheet. No formal statistical
analyses were performed.

3. RESULTS AND DISCUSSION

The tested bacterial strains grew on the empty
polymeric scaffolds without any significant
difference if compared to the bacterial growth on
the TCPS (data not shown). On the contrary, a
variable reduction was observed after various
times (1, 3 and 24 hours) of incubation on strains
cultured with  HPS containing different
concentrations of Hyperoil™ (Figs. 2, 3 and 4)
and compared to the polymeric substrate not
containing the Hyperoil (Figs. 2, 3 and 4).

The experiments were performed using cells
cycle synchronized bacterial cells: then the
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results are related to the exponential phase of
each bacterial culture. As previously reported,
the bacterial cell cycle is traditionally divided into
three stages: the period between division (birth)
and the initiation of chromosome replication (the
B period); the period required for chromosome
replication (the C period); and the time between
the completion of chromosome replication and
the completion of cell division (the D period) [22].
To evaluate the efficacy of antibacterial activity of
the HPS-Hyperoil it is important to perform the
incubation with bacterial cells which are all in the
growth exponential phase.

Antibacterial activity resulted dose-dependent
through time for S. aureus (ATCC® 12598™)
(Fig. 2) and K. ozaenae AM (Fig. 4) and, at a
lesser extent, for P. aeruginosa (ATCC®
10145™) (Fig. 3). The maximal inhibition in the
growth of bacterial strains was consistently
observed after 3 hours, being for K. ozaenae AM
the highest values at all tested doses if
compared to S. aureus (ATCC® 12598™) and P.

aeruginosa (ATCC® 10145™). The percent of
reduction of cell viability on P. aeruginosa
(ATCC® 10145™) (Table 2) and S. aureus 8325-
4 (Table 1), resulted slightly lower in the 1% hour
if compared to K. ozaenae AM (Table 3).

On the contrary, at higher incubation time (24h),
the percent of reduction was kept higher on P.
aeruginosa (ATCC® 10145™) (around 90-92%)
and S. aureus (ATCC® 12598™) (around 90-
94%) and resulted slightly decreased on K.
ozaenae AM (between 80-88%). In particular, the
effect on P. aeruginosa (ATCC® 10145™) was
not dose-dependent after 24 hours being the
HPS-25 the less effective on bacterial growth
control (Fig. 3).

Because of these different effects, the results of
this study cannot sustain the bactericide effect,
defined as the capacity of killing bacteria [23], of
Hyperoil™ on S. aureus (ATCC® 12598™) P,
aeruginosa (ATCC® 10145™) and K. ozaenae
AM, but strongly sustain a bacteriostatic effect.

S. aureus (ATCC 12598) strain

1000000000

100000000

10000000

1000000

100000 -

10000 -

1000

100

Log Bacterial strains

0 15 2,5

B 1Hour
B 3 Hours

M 24 Hours

HPS dilution (%)

Fig. 2. S. aureus strain (Log) by time and HPS dilution
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Table 1. Average (+SE) S. aureus strain by time and HPS dilution

HPS S. aureus (ATCC® SE % reduction S. aureus (ATCC® SE % reduction S. aureus (ATCC® SE % reduction
dilution 12598™) strain vs control 12598™) strain vs control 12598™) strain vs control
(%) 1 hour 3 hours 24 hours

0 345333 37351 N/A 26800000 208167 N/A 226000000 3785939 N/A

1,5 264067 93544  23,5% 1903333 17638 92,9% 21233333 384419 90,6%

2,5 247033 87469  28,5% 1820000 10000 93,2% 20066667 88192 91,1%

5 151550 56706  56,1% 1463333 33333 94,5% 19400000 208167 91,4%

10 133000 34078 61,5% 944000 406041 96,5% 14600000 360555 93,5%

25 53250 6083 84,6% 928000 15308 96,5% 12666667 384419 94,4%

HPS: Hyperoil Polimeric Substrate; Control = PS polymeric substrate without Hyperoil; N/A Not Applicable; % percentage; SE Standard Error

Table 2. Average (+SE) P. aeruginosa strain by time and HPS dilution

HPS P. aeruginosa SE % reduction P. aeruginosa SE % reduction  P. aeruginosa SE % reduction
dilution (ATCC® 10145™) vs control (ATCC® 10145™) vs control (ATCC® 10145™) vs control
(%) strain strain strain
1 hour 3 hours 24 hours
0 130333 10333 N/A 16466667 3286504 N/A 175333333 2905933 N/A
1,5 91400 305 29,9% 970666 6333 94,1% 16633333 409606 90,5%
2,5 88766 2533 31,9% 923666,7 31991 94,4% 15000000 152752 91,4%
5 84700 3572 35,0% 808000 44635 95,1% 14400000 709459 91,8%
10 81200 2886 37, 7% 728333 14813 95,6% 13333333 328295 92,4%
25 72933 5944 44,0% 574666 63878 96,5% 40236667 29387860 77,1%

HPS: Hyperoil Polimeric Substrate; Control = PS polymeric substrate without Hyperoil; N/A Not Applicable; % percentage; SE Standard Error

Table 3. Average (+SE) K. ozaenae strain by time and HPS dilution

HPS K. ozaenae SE % reduction vs K. ozaenae AM SE % reduction vs K. ozaenae AM SE % reduction vs
dilution AM strain control strain control strain 24 hours control

(%) 1 hour 3 hours

0 228667 4702 N/A 43033333 1049338 N/A 110333333 3179797 N/A

1,5 17067 698 92,5% 375667 14193 99,1% 21233333 384419 80,8%

2,5 16633 669 92, 7% 314667 40043 99,3% 20066667 88192 81,8%

5 16100 1000 93,0% 302667 41914 99,3% 19400000 208167 82,4%

10 14067 1510 93,8% 246667 32028 99,4% 17733333 371184 83,9%

25 11800 551 94,8% 186000 9165 99,6% 12666667 384419 88,5%

HPS: Hyperoil Polimeric Substrate; Control = PS polymeric substrate without Hyperoil; N/A Not Applicable; % percentage; SE Standard Error
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The activity against the Gram positive S. aureus
(ATCC® 12598™), the Gram negative
P. aeruginosa (ATCC® 10145™) being common
and often resistant strains in skin and hospital
infections [24], where Hyperoil™ scaffolds are
expected to be wused, could explain the
successful results observed while suing
Hyperoil™ on diabetic foot ulcers [13]. On the
other hand, the activity on K. ozaenae AM, has a
particular importance considering the wide
number of identified antibiotic-resistant strains of
this enterobacterium, frequently linked with
opportunistic infections of opened wounds [25].
The particular structure of the polymeric scaffold
might not ensure a-priori the efficacy of
Hyperoil™ when meshed with the PLLA
structure. The results of this study support in-
vitro the observed clinical results.

4. CONCLUSION

HPS, being Hyperoil™ included in a highly
biocompatible scaffold of poly-lactic acid, showed
bacteriostatic effects on the tested S. aureus
(ATCC® 12598™), P. aeruginosa (ATCC®
10145™) and K. ozaenae AM strains.
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