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Abstract

Growth inhibitory activity of Rosa x damascena flower extract on Acinetobacter baumannii
By Jiabao Zhong

The emergence of Acinetobacter baumannii, a common nosocomial, opportunistic
pathogen, has caused more and more infection cases around the world. The virulence of the
species — tolerance for desiccation and disinfection, motility and biofilm formation — allows it to
persist and spread in healthcare settings. Due to the high mortality rate and high multidrug-
resistance rate, effective treatments against the pathogen are becoming limited, while the
resistance genes are rapidly spread via horizontal-gene transfer between strains of A.
baumannii. The most commonly used antibiotics against A. baumannii infection is carbapenem,
and the last-line treatment is colistin, but strains resistant to the two antibiotics are reported
around the world. The need for novel treatment is urgent and one of the promising novel
treatments is chemical compounds extracted from medicinal plants.

The flower of the Damask rose, Rosa x damascena, has a long history of medicinal use in
Lebanon, besides its various commercial use. It is commonly used to relieve gastrointestinal
problems, cough and dermatitis by Lebanese, and is believed to function as cardiotonic,
antirheumatic, antioxidant and antimicrobial. The essential oil of the flower is also documented
to be a relaxant that heals depression, stress, anxiety and migraine. Previous research had
demonstrated certain antimicrobial effect of R. damascena extract.

Through bioassay-guide fractionation, extraction of the Rosa x damascena flower was
fractionated and determined to have growth inhibitory activity against Acinetobacter
baumannii strains ATCC 17978 and AB5075. The growth inhibitory effect was determined by
broth microdilution MIC assay, and the most potent fractions, 1921D-F7~9, were confirmed
with TLC-agar overlay bioautography assay of inhibiting growth of AB5075. Cytotoxicity test
show that the potent extracts have low toxicity to human skin cells. Therefore, further
separation of the potent extracts 1921D-F7~9 of R. damascena flower is a promising direction
for treatment against multidrug-resistant A. baumannii.
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Chapter 1: Introduction

Acinetobacter baumannii
The genus Acinetobacter is a diverse group of Gram-negative coccobacilli [1]. Although most
species of the genus are non-pathogenic, some of the pathogenic species are causing emerging

infectious disease and one of them is Acinetobacter baumannii.

1. Spread of Acinetobacter baumannii infection

Acinetobacter baumannii first caught people’s attention in the 1960s and 1970s by causing
infections among soldiers and patients receiving intensive care. Now, it is responsible for about 2-
10% of nosocomial infections by Gram-negative bacteria, but the resulting mortality rate ranges
from 8% to 35%, and even up to 60% in certain cases [2]. This opportunistic pathogen most often
causes ventilation-associated pneumonia, bacteremia, but can also result in skin or soft tissue
infection, catheter-associated urinary tract infection, meningitis, endocarditis and ocular infection
[2, 3]. If, during early infection, the patient’s immune system is not able to clear the bacterium,
whether with or without the use of antibiotics, cytokine storm and sepsis syndrome will make
treatment even harder [4].

A. baumannii is rarely found in the environment and is not a normal component of the human
microbiome. Its natural reservoir is unclear, and it is almost exclusively found in hospitals [2, 5].
As a common nosocomial pathogen, it easily spreads between patients through hands of healthcare
workers and contaminated surfaces. The amount of A. baumannii shed by infected patients is

relatively low but was determined to be enough to cause further infection according to previous



studies [6]. In some cases, aerosol particles from infected patients were found to be the source of
infection [4]. Besides healthcare-associated infection, community-acquired 4. baumannii infection
was also reported. Although it mostly affects patients with underlying medical conditions like
alcohol abuse, diabetes and cancer, community-acquired infection actually may lead to worse

prognosis compared to nosocomial infection [2, 3].

2. Virulence of Acinetobacter baumannii

The intrinsic characteristics of the bacterium — tolerance to desiccation and disinfection,
motility and formation of biofilm — help with its survival and transmission within the healthcare
system. During desiccation, the water in the bacterium is maintained by its outer membrane and
its extracellular capsule. Instead of entering a dormant state, the bacterium is kept viable in dry
conditions and thus is still capable of colonizing human tissues. Its tolerance to common
disinfectant also makes eradication more difficult. Previous studies have shown that low
concentration of ethanol promotes the growth and virulence of 4. bhaumannii. The bacterium can
also produce enzymes to degrade hydrogen peroxide and efflux pumps to clear chlorhexidine. The
formation of biofilm further sustains the bacterium on both abiotic and biotic surfaces. Besides
providing protection, the ability to form biofilm is also usually linked to higher virulence. The
bacterium can also move via twitching motility mediated by type IV pili or via surface-associated
motility facilitated by quorum sensing, both of which help with its dissemination [3]. For these
reasons, it is not surprising that the bacterium can survive on surfaces for up to 4-5 months, and

that most of the 4. baumannii outbreaks were later determined to be derived from contaminated



fomites in hospitals [6].

3. Antimicrobial-resistant Acinetobacter baumannii

Despite the wider and wider spread of A. baumannii around the world, the number of effective
medications against it is decreasing because of its broad resistance against antibiotics. About 45%
of the isolated clinical strains are multiple-drug resistant, and this proportion reaches 70% in Latin
America and the Middle East [2]. The flexible genome of A. baumannii enables exchange of
resistance genes through horizontal gene transfer. This is supported by the fact that many of the
genes coding for resistance in A. baumannii are flanked by segments of integrases, transposases or
insertion sequences, indicating recombination events had happened [2]. During periods of
desiccation, the enzyme RecA is upregulated to mediate the recombination and repair of A.
baumannii genome damaged by loss of water. In this process, the mutation rate is increased by
about 50-fold, allowing more resistant genes to arise [3]. Some environmental Acinetobacter
strains were found to be reservoirs of resistant genes, from which pathogenic strains like A.
baumannii can preserve and gain even more resistance. For these reasons, a large portion of A.
baumannii strains are determined to be multiple-drug resistant (MDR) or even extensively-drug
resistant (XDR). A strain is determined to be extensively-drug resistant, when it has resistance to
all available first-line antibiotics except for ones that are less effective or have higher toxicity [4].

Carbapenem is usually the first-line antibiotic used to treat A. bhaumannii infection, and strains
that are resistant to carbapenem are usually resistant to most other antibiotics. Therefore, resistance

to carbapenem is usually the hallmark for an A. baumannii strain to be determined as extensively-



drug resistant. As well, since the 1990s, carbapenem-resistant 4. baumannii strains have appeared
and rapidly spread around the world, and are not only isolated from patients, but also from cattle
and other animals [2, 5].

Now that more and more MDR A. baumannii strains have appeared, healthcare providers have
turned to antibiotics like colistin, minocycline and tigecycline, which have known side effects of
neurotoxicity and nephrotoxicity [7]. Colistin targets lipid A of lipopolysaccharide in the outer
membrane of A. baumannii, but resistance to colistin has already appeared in strains that have
altered or missing lipid A target site [3, 8]. In response to such a broad resistance, healthcare
providers now turn to the use of antibiotic combination therapy. For example, the combination of
colistin and rifampicin significantly reduces the time needed to clear the bacterium from patients
compared to using colistin alone [7]. However, given the frequent gene transmission between
strains, combination therapy might fail in the foreseeable future as well.

As the situation of antimicrobial resistance is getting worse, searching for more effective drugs
against A. baumannii infection is necessary. Potential new treatments include phage therapy,
phototherapy, passive vaccination and natural herbal products. One such promising herbal
extraction is oleanolic oil [4]. The focus of this research is to investigate the potential of deriving
chemicals from medicinal plants to be used as effective treatment against A. baumannii. Two
strains of A. bhaumannii used for testing in this research were ATCC 17978 and AB5075. The strain
ATCC 17978 was isolated in 1951. It is susceptible to antibiotics since it lacks many resistant
genes that appeared and accumulated in the 70 years after its isolation [2, 3]. The strain AB5075

is more representative of strains isolated in clinical settings today. It is highly virulent and carries



resistance for multiple antibiotics; thus, the mortality rate is significantly higher upon infection
with this strain. The strain is commonly used in laboratories because of its similarity to clinical
samples and its susceptibility to tetracycline and hygromycin, which enables it to be genetically

modified for testing [9].

Rosa x damascena Mill.
The plant Rosa x damascena Mill. is commonly known as the Damask rose. It belongs to the
Rosaceae family and is a cross between Rosa gallica and Rosa moschata. 1t is a perennial shrub
with compound leaves and is famous for its fragrant pink flowers. It is distributed in Europe and

the Middle East, specifically in regions in Iran, Lebanon and the Isparta region of Turkey [10, 11].

Figure 1.1. The flower of Rosa x damascena Mill., the Damask rose [12].

1. Traditional use of Rosa x damascena Mill.

The commercial and medicinal use of the plant is of long history. Extraction of the rose
essential oil can be dated back to around late 7 AD in the Middle East [12]. Commercially, the
essential oil and the distilled water extracted from the rose are widely used in the cosmetic,

perfume and food industries. The edible flower of Rosa x damascena is added in food for flavor,



in herbal tea, in rose petal jam and syrup [13]. Besides its commercial value, its medicinal
properties are well recognized in Lebanon, where it has been traditionally used against various
maladies. In Lebanon it is used to relieve gastrointestinal problems like stomachache, lack of
appetite and constipation; the rose essential oil is used as a gentle laxative. It is also believed to
act as a cardiotonic, antirheumatic, antioxidant and antimicrobial. People take it to relive cough
and apply it externally to cure dermatitis [14]. The rose essential oil is also considered a relaxant

that heals depression, stress, anxiety and migraine [12].

2. Chemical profile of Rosa x damascena Mill. flower extract

The composition of R. damascena extracts varies depending on the extraction method, the
collection time, the region where the plant is cultivated, the climate and other factors. Three
common kinds of R. damascena extracts are the essential oil, which captures most of the aromatic
compounds and the characteristic odor of the plant, the hydrosol and the absolute extract [10, 11].

Chemical compounds usually found in the plant are terpenes, flavonoids, glycosides and
anthocyanins, and the medicinal properties of R. damascena are generally attributed to its high
concentration of phenolic compounds [12]. The essential oil of the rose is mainly composed of
terpenes. Using GC-MS, the composition of the essential oil is determined to be mainly: citronellol
(35.23%), geraniol (22.19%), nonadecane (13.85%) and nerol (10.26%). The composition of
hydrosol is similar to that of the essential oil: citronellol (29.44%), geraniol (30.74%), nerol
(16.12%) and phenyl ethylalcohol (23.74%). The absolute extract usually has a significantly higher

amount of phenyl ethylalcohol (78.38%), but the rest of the composition is similar: citronellol



(9.91%), geraniol (3.71%) and nonadecane (4.35%). Among the three methods of extraction, the
rose absolute has the highest concentration of phenolic compounds (2134.3 + 91.4 GAE/mg/L™"),
followed by the essential oil (839.5 + 59.5 GAE/mg/L ") and lastly the hydrosol extract (5.2 = 0.3
GAE/mg/L 1) [10].

Another type of chemicals present in R. damascena are vitamin E compounds, which provide
the antioxidant activity of its extracts. These compounds include tocopherol and carotene. Among
the essential oil, absolute extract and hydrosol of R. damascena, the absolute extract has the highest
concentration of tocopherol and carotene [10].

Besides the three aforementioned extraction methods, compounds in Rosa % damascena
flower can also be extracted using organic solvents. The hydromethanolic extraction of R.
damascena flower was demonstrated to yield bioactive extracts. In this method, the rose flowers
was extracted with 80:20 methanol:water mixture (v/v) [13]. The phenolic compounds present in
the extracts were determined by comparing the chromatographic behavior and mass spectra of
compounds in the extract and those of known phenolic standards. From the study, 12 major
flavonoids were identified but no phenolic acid was found. The flavonoids are all derivatives from

kaempferol and quercetin, and the most abundant compound is quercetin-3-O-glucoside [13].

3. Pharmacological properties of Rosa x damascena Mill. flower extract
Rosa x damascena extract was shown to have antimicrobial, antioxidant, antiproliferative and
relaxant effect in previous research.

The essential oil of R. damascena was demonstrated to inhibit the growth of various Gram-



positive and Gram-negative bacteria through well-diffusion assay, disk-diffusion assay and broth
microdilution assay. The bacteria against which R. damascena essential oil has shown inhibitory
effect include human pathogenic bacteria like Pseudomonas aeruginosa, Staphylococcus aureus
and the plant pathogenic bacterium Xanthomonas axonopodis spp. vesicatoria [10, 11, 15]. The
absolute extract of R. damascena showed relatively weaker growth inhibitory effect against
Pseudomonas aeruginosa and Staphylococcus aureus compared to the essential oil, but the
hydrosol had no antibacterial effect. The individual composition in the essential oil — citronellol,
geraniol and nerol — each alone had better antimicrobial activity than that of the essential oil against
Staphylococcus aureus and Escherichia coli [11]. The growth inhibitory effect was proposed to be
mainly due to the high concentration of phenolic compounds in the extracts. For the absolute
extract, the high concentration of phenylethyl alcohol was responsible for the antimicrobial effect
[10]. The hydromethanolic extract of R. damascena demonstrated growth inhibitory effects against
clinical strains of Klebsiella pneumoniae, Pseudomonas aeruginosa, Acinetobacter baumannii,
Staphylococcus aureus and Enterococcus faecalis. Using the broth microdilution method as well
as the rapid p-iodonitrote-trazolium chloride (INT) colorimetric assay, the minimum inhibitory
concentrations were determined to range from 0.625 mg/mL to 10 mg/mL [13]. R. damascena
extracted using methanol was shown to have antimicrobial effect against 15 species of bacteria in
agar well diffusion assays, including Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Salmonella enteritidis, Salmonella typhimurium and Staphylococcus aureus [16].
Ethanol extraction of R. damascena could lower the MIC of antibiotics against multidrug-resistant

Pseudomonas aeruginosa obtained from clinical samples [17]. Although the antimicrobial effect



of R. damascena extract is generally believed to result from its high abundance of phenolic
compounds, the potent chemical compounds were not isolated or identified.

Other prominent medicinal activity of R. damascena flower extract includes antioxidant,
antiproliferative and relaxant effects. The rose extracts were determined in previous research to
have antioxidant effect from flavonoids, phenolic acid, tocopherol and carotene [10, 13, 16]. R.
damascena hydromethanolic extract showed antiproliferative activity against cervical and
hepatocellular carcinoma tumor cell lines [13]. The ethanolic extraction of R. damascena flower
depresses activity of mice central nervous system, and its aqueous, ethyl acetate and n-butanol
extractions can relax the tracheal smooth muscle of guinea pigs [12].

Although Rosa x damascena extract was repeatedly demonstrated in previous research to have
antimicrobial effect, there is no prior research investigating its effect on multidrug-resistant strains
of Acinetobacter baumannii, nor characterization of the chemical compounds that exhibit growth

inhibition on pathogenic bacteria.

Research questions and project aims
The use of medicinal plants to treat diseases has a long history and is still a common treatment
method in many developing countries. Medicinal plant extracts are usually mixtures of chemicals
and could contain hundreds of different compounds, which are great sources for novel drug
development [11]. The use of natural products or natural product-derived compounds is a good
alternative that can reduce the reliance on antibiotics and slow the progress of antibiotic resistance.

Using products derived from edible plants can also help with infection related to food-borne



pathogen [13].

In a screening of Lebanese plants brought by Dr. Roula Abdel-Massih to the Quave Lab, the
Rosa x damascena flower extract showed antibacterial activity against Acinetobacter baumannii.
Continuing the preliminary work of Dr. Abdel-Massih, this research intends to characterize the
growth inhibitory activity of Rosa % damascena flower extract against multidrug-resistant
Acinetobacter baumannii. It is hypothesized that Rosa * damascena extracts have growth
inhibitory effect on Acinetobacter baumannii with low toxicity to humans. The goal is to isolate,

identify and characterize the potent compound(s) in the plant extracts.



Chapter 2: Materials and Methods

Overview of bioassay-guided fractionation
The fractionation of Rosa *x damascena flowers extract followed an overall scheme:
fractionating the extracts, testing the growth inhibitory activity of the extracts against
Acinetobacter baumannii strains and analyzing the composition of the extracts. The above
procedures were repeatedly performed on the most potent extract fraction(s) until the active

compound(s) was isolated.

Plant Collection & Processing

|

Plant Maceration

1

Liquid-liquid Partition

|

Flash Chromatography

L[]

Chemical Analysis:
TLC, Analytical HPLC, LC-MS

1]

Bioassays:
MIC, Cytotoxicity, Bioautography

|

Goal: Compound(s) Isolation

Figure 2.1. The overall scheme of bioassay-guided fractionation of Rosa x damascena flower
extract.



Plant collection and processing
Rosa x damascena flowers were collected and dried in Lebanon then shipped to the Quave
lab for further processing.
After arriving in the Quave lab, the plant material was first quarantined in a -80 °C freezer to

remove any possible pathogens. It was then further air dried and ground into fine powder.

Plant maceration

The plant powder was macerated using 80% ethanol aqueous solution with a ratio of 1 g plant
material in 10 mL solution for 72 hours at room temperature with occasional stirring. The
maceration was then coarse filtered with Fisherbrand P8 filter paper, followed by fine filtration of
the filtrate using Fisherbrand P2 filter paper. The plant material was returned to the container for
a second maceration with the same volume of 80% ethanol solution for another 72 hours, which
was then double filtered following the same procedure. The plant material was discarded. Via
rotary evaporation set at 38 °C, the combined filtrate from the two macerations was concentrated
and dried down completely to remove the solvent. Deionized water was added to resuspend the
dried material. The water suspension was then shell-frozen and lyophilized for about 24 hours to
remove any water. The dried maceration extract was collected from the round bottom flask and
weighed, and the yield was calculated using the equation: yield =

mass of dry material obtained from maceration

X 100. This was the crude extract 1921.

mass of plant powder used to make maceration



Fractionation of plant extracts

1. Liquid-liquid partition

Liquid-liquid partition of the maceration extract solution was performed to separate chemical
compounds in the maceration crude extract based on polarity.

After maceration, dried Rosa X damascena crude extract was dissolved in less than 20%
methanol aqueous solution with a ratio of 1 g extract in 30 mL solvent. In a separatory funnel, the
solution was partitioned against hexane, ethyl acetate and water-saturated n-butanol respectively.
The solution was partitioned three times using each of the aforementioned organic solvent. The
total volume of each organic solvent used was equal to the initial volume of the extract solution.
In the first hexane partition, one-third total volume of hexane was first added into the separatory
funnel, and the separatory funnel was shaken thoroughly to thoroughly mix hexane and the crude
solution. The mixture was left until two separated clear layers formed. The bottom crude layer was
drained down into the original flask for subsequent partition, and the top hexane layer was poured
from the top into a new flask. After the crude solution was returned to the separatory funnel, it was
partitioned two more times with hexane following the same aforementioned procedure. All of the
hexane layers were combined. After the third hexane partition, the crude solution was partitioned
three times with ethyl acetate, followed by three water-saturated n-butanol partitions. The
remaining crude solution was kept as the aqueous layer. The collected hexane, ethyl acetate and n-
butanol layers were filtered through Na;SOj4 to remove water. The hexane layer was air dried after

being concentrated via rotary evaporation set at 38 °C; the dried hexane partition extract was



named 1921B. Solvents in ethyl acetate, n-butanol and water layers were removed via rotary
evaporation set at 38 °C; the dried material was resuspended in distilled water, shell-frozen and
lyophilized, yielding dry partition extracts named 1921C, 1921D and 1921E, respectively. The

four partition extracts were weighed, and yields were calculated using yield =

mass of dry partition extract

x 100.

mass of crude extract used in partition
2. Flash chromatography

Flash chromatography was run to prepare fractions of 1921D extract. To prepare the cartridge
sample for flash, 1921D extract was dissolved with methanol, and Celite was added to the solution
with a ratio of 4 g Celite for every 1 g extract. Methanol was added to create a suspension of Celite
in a round bottom flask, after which the solvent was completely removed through rotary
evaporation set at 38 °C. The dried mixture of extract and Celite was removed from the round
bottom and packed in a cartridge of appropriate size. The packed cartridge was dried in a
lyophilizer for at least half an hour, and was taken out right before loading onto the CombiFlash
Rf machine. The stationary phase used for separation was a RediSep Rf High Performance Silica
24¢ Gold column. The mobile phases used were: (A) HPLC-grade chloroform, (B) HPLC-grade
methanol; the mobile phases were switched to (A) HPLC-grade methanol and (B) deionized water
towards the end of the run. The flow rate was 35 mL/min. The wavelengths of detection were set
at 254 nm and 280 nm.

The solution eluted from the flash run was collected using 18 mm %150 mm test tubes. The

solution was then examined with thin layer chromatography. Tubes of solution with similar



chemical compositions was combined into fractions according to the TLC results as well as the

flash chromatogram.

Analysis of plant extracts

1. Normal-phase TLC (Thin Layer Chromatography)

Normal-phase thin layer chromatography was performed on extracts 1921C and 1921D to
determine the solvent system for subsequent flash chromatography fractionation. The pure
solvents tested for mobile phase were methanol, ethanol, isopropyl alcohol, ethyl acetate, hexane,
acetone, chloroform, petroleum ether, acetonitrile and tetrahydrofuran. Solutions tested for mobile
phases were 50% methanol and 50% ethyl acetate, 90% methanol and 10% water, and 40%
methanol and 60% chloroform. After running the thin layer chromatography, the compounds on
the plate were visualized using the vanillin/sulfuric acid spraying reagent with heating.

After flash chromatography was ran for 1921D, thin layer chromatography was performed
again on the solutions collected from the flash run to analyze the compounds isolated in each tube.
The mobile phase used was 40% methanol and 60% chloroform, and the TLC plates were
visualized using the same method. Results from the TLC plates were used to guide the combination
of 1921D flash fractions.

For the active fractions 1921D-F7, 8 and 9, TLC was performed using 50% methanol and 50%

ethyl acetate as mobile phase to compare the chemicals in the three fractions.

2. Analytical HPLC (High Performance Liquid Chromatography)

Reversed-phase analytical HPLC was performed to further separate and analyze the chemicals



within the crude extract 1921 and the partition extracts 1921B~E based on polarity.

Extracts were dissolved in different solvents to make about 0.5-1 mL of 10 mg/mL analytical
HPLC samples. The crude maceration extract (1921) and ethyl acetate extract (1921C) were
dissolved in methanol, hexane extract was dissolved in 80% methanol and 20% isopropyl alcohol
solution, and n-butanol (1921D) and aqueous layers (1921E) were dissolved in 75% methanol and
25% DI water. From the prepared samples, 25 uL was injected into the HPLC machine and run
through an Agilent Eclipse XDB-C18 column (250X4.6 mm, 5 um with or without matching guard
column) at 35 °C. The mobile phases used were: (A) 0.1% formic acid in DI water, (B) 0.1%
formic acid in acetonitrile, with a flow rate of 1.000 mL/min. The wavelengths used for detection
were: 217, 254, 280, 314, 360, 420 and 550 nm, with no reference wavelength. The gradient of

mobile phase was shown as follow:

Time (min) A (%) B (%)
10.00 95.0 5.0
60.00 65.0 35.0

70.00 0.0 100.0
80.00 0.0 100.0
80.01 95.0 5.0
90.00 95.0 5.0

HPLC was performed again on the active flash fractions to guide further separation. Flash
fractions 1921D-F7~9 were dissolved in methanol with a concentration of 10 mg/mL, from which
10 pL was injected. The column, flow rate and detected wavelengths were kept unchanged. The
gradient of mobile phase was the same as the aforementioned method used for extracts 1921 and

1921B~E.



3. LC-MS (Liquid Chromatography-Mass Spectrometry)

LC-MS was performed on the 1921D fraction and the active flash fractions 1921D-F7~9. The
LC-MS solution sample was prepared in MS-grade methanol, reaching a final concentration of 10
mg/mL. Mass spectrometry of the four samples was performed in both positive and negative mode.
For extract 1921, 25 puL was injected; for the other extracts, 10 pL were injected. The extracts were
run through an Agilent Eclipse XDB-C18 column (250x4.6 mm, 5 pm with or without matching
guard column) at 35 °C. The mobile phases used were: (A) 0.1% formic acid in DI water, (B) 0.1%
formic acid in acetonitrile, with a flow rate of 1.000 mL/min. After method optimization, the

gradient of mobile phase was modified to be:

Time (min) A (%) B (%)

5.00 95.0 5.0
65.00 75.0 25.0
75.00 0.0 100.0
80.00 0.0 100.0
80.01 95.0 5.0
100.00 95.0 5.0

4. Reverse-phase TLC (Thin Layer Chromatography)

Reverse-phase thin layer chromatography was performed on extract 1921D-F7~9 to optimize
separation of these extracts, so that more information can be obtained from the TLC-agar-overlay
bioautography assay. The tested mobile phase systems were shown below [18]. The obtained TLC

plates were not treated with vanillin/sulfuric acid spray reagent and were viewed under UV.



Table 2.1. Mobile phase tested for reverse-phase TLC of extracts 1921D-F7~9
Mobile Phase | Solvents Solvent ratio (v:v)

1 acetonitrile:water 15:85

2 acetonitrile:water 30:70

3 acetonitrile:water 50:50

4 methanol:water 30:70

5 toluene:ethyl acetate 95:5

6 chloroform:methanol:water 70:30:4

7 ethyl acetate:acetic acid:formic acid:water 100:11:11:27

8 acetonitrile:water:formic acid 30:8:2

9 n-butanol:acetic acid :water 7:1:2

Bioactivity assays

1. Broth microdilution MIC assay on 192

1,1921B,C,D and E

Broth microdilution MIC assay was performed on crude extract 1921, and partition extracts

1921B, C, D, and E using ESKAPE pathogens in 96-well flat bottom plate. The bacteria strains

used were summarized in the table below.

1921 and 1921B~E

Table 2.2. ESKAPE pathogen strains used in broth microdilution MIC assay of extracts

Strain Species

ATCC 17978 Acinetobacter baumannii
AB5075 Acinetobacter baumannii
CDC32 Enterobacter cloacae
AHO0071 (PAO1) Pseudomonas aeruginosa
EU32 Klebsiella pneumoniae
EU49 Enterococcus faecium
AH1263 Staphylococcus aureus

Bacteria was cultured overnight in 6 mL CAMHB (cation-adjusted Mueller Hinton Broth) at

35 °C with continuous shaking at an angle at 200 rpm, and standardized at OD590 to a cell density

of 0.0006 (5x10° CFU/mL). The medium used was CAMHB (cation-adjusted Mueller Hinton



Broth), vehicle control was DMSO, antibiotic control was Gentamicin, and a blank medium
control was also included. Each concentration of extracts and controls was tested in triplicate. In a
sterile 96-well flat bottom plate, the final volume of each well was 400 uL. Extracts were dissolved
in DMSO to make 20 mg/mL stock solution. The tested samples were two-fold diluted to reach
final concentrations from 512 pg/mL to 16 pg/mL. The highest extract concentration, 512 pg/mL,
was obtained by adding 10.24 pL extract solution and 389.76 pL of working culture (standardized
bacteria and CAMHB) in the first column of wells. To the remaining wells, only 200 pL of working
culture was added. Two-fold serial dilution was performed by adding 200 pL mixture from the
previous column of wells into the next column of wells using a multi-channel pipette. The positive
control Gentamicin was two-fold serial diluted starting from 64 pg/mL. After adding the extract
samples, medium, bacterial culture and controls, the plate was read under OD600 nm before
incubation. Except for ATCC 17978 and AB0575, which were incubated for 22 hours, CDC32,
AHO0071, EU32, EU49, and AH1263 were incubated for 18 hours at 35 °C. The plates were read

again after incubation.

OoDt18-0Dt0
avg(0Dvc18—0Dvc0)

The percent inhibition was calculated using % inhibition = (1 — ) X
100. ODvc18 is the OD600 reading for the vehicle control after 18 hours of incubation; ODvc0
is the reading for the vehicle control before incubation. ODt18 is the OD600 read for each extract
concentrations 18 hours (22 hours for Acinetobacter baumannii strains) after incubation; ODt0 is
the reading for the respective extract treatments before incubation. The minimum inhibitory

concentration (MIC) is determined to be the lowest concentration that showed 90% inhibition of

the bacterial growth, and IC50 is the lowest concentration that showed 50% inhibition of the



bacterial growth.

2. Broth microdilution MIC assay on 1921D flash fractions

Broth microdilution MIC assay was performed on flash fractions of the active extract 1921D
in a 96-well flat bottom plate. The tested extract concentrations were 256, 128, 64, 32, 16 and 8
pg/mL following two-fold dilution. Extract samples were prepared by dissolving extracts in
DMSO to make 10 mg/mL stock solution. The bacterial strains used were ATCC 17978
(Acinetobacter baumannii) and AB0575 (Acinetobacter baumannii), with Gentamicin as the
antibiotic control, DMSO as the vehicle control and CAMHB as the medium control. The same
procedure for broth microdilution MIC assay of 1921 extracts was used to determine the MIC of

the 1921D fractions.

3. Cytotoxicity assay

LDH cytotoxicity testing was performed on extracts 1921, 1921D, 1921D-F7~9 to determine
whether the extracts that showed growth inhibitory effect against multidrug-resistant A. baumannii
demonstrate inhibitory effect on growth of human skin cells. The cells used were human
immortalized keratinocytes (HaCaT), which were cultured under 37 °C and 5% CO; in Dulbecco’s
modified Eagles’ medium (DMEM) supplemented with 4.5 g/L glucose, 10% fetal bovine serum,
100IU Penicillin and 100 pg/mL Streptomycin. For the cytotoxicity assay, the cell culture was
standardized to 4x10* cells/mL. In a 96-well tissue culture treated flat bottom microtiter plate, 200
uL of the standardized cell culture was added and incubated under 37 °C and 5% CO: for 48 hours.

After incubation, 200 uL of supplemented DMEM and the tested extracts of various concentrations



were added into each well. The tested extracts were dissolved in DMSO to make 50 mg/mL stock
solution, which were 2-fold serial diluted to concentrations from 512 pg/mL to 4 pg/mL for the
cytotoxicity assay. The positive control was 20 pL of lysis buffer, and the negative control was
DMEM. The extracts were tested in triplicate. After incubation under 37°C and 5% CO; for 24
hours, lactate dehydrogenase (LDH) assay was performed to the cells, and the optical density was

measured to determine the lysis of cells. Cytotoxicity was calculated using: % cytotoxicity =

OD extract — OD spontaneous

, x 100, with OD spontaneous obtained from the negative control and
OD maximum

OD maximum from the positive control.
4. TLC-agar-overlay bioautography assay

TLC-agar-overlay bioautography assay was performed on extracts 1921D-F7~9 to elucidate
the active fractions of these extracts for further separation. Normal-phase TLC was run for 1921D-
F7~9 with 60% methanol and 40% ethyl acetate as the mobile phase. The standard used for
standardization of retention factor (Rf) was epigallocatechin gallate, which was also run with the
extracts on each TLC plate. A total of four TLC plates were ran, with two plates running at one
time. The TLC plates were dried thoroughly and visualized under UV to check if there were
significant variation between plates. Pictures of TLC plate number two were taken under UV as

well as visible light, and the Rf values of epigallocatechin gallate as well as 1921D-F7~9 were

the max length between start point and compound

alculated according to the equation: Rf =
¢ g ! f length between start point and solvent front

The bacteria used in the assay was AB5075 genetically modified with the insertion of a LacZ

gene. Liquid overnight culture of the bacterium was prepared in LB broth and incubated under



35 °C with continuous shaking at an angle at 200 rpm. Soft LB agar was prepared by adding 0.5%
agar in LB broth. The overnight liquid culture was standardized at OD590 nm to a cell density of
0.0006 (5% 10° CFU/mL). When the autoclaved soft LB agar cooled down to near body
temperature, an appropriate amount of liquid culture and X-gal were added to meet a ratio of 100
uL X-gal per 20 mL LB soft agar. The materials were mixed thoroughly with stirring on a stir plate.
Three TLC plates were put into three 15-mL petri dishes, then the agar mixture was poured into
the petri dishes covering the whole TLC plates. After the soft agar solidified, the plates were
incubated upright under 35°C for 22 hours. Pictures of the petri dishes were taken, and the zones
of inhibition were measured. The plates were incubated for another 22 hours, and then set of

measurements were taken.



Chapter 3: Results

Overall fractionation scheme

The overall isolation process identified the Rosa x damascena extracts that demonstrated the
most growth inhibition against Acinetobacter baumannii strains ATCC 17978 and AB5075

according to MIC results from broth microdilution assays (Figure 3.1).

1921
1C50 64
1921B 1921C 1921D 1921E
Yield 0.73% 17.85%  15.06% @ 60.11%
IC50 32 32 256
1921D-F1 1921D-F2 1921D-F3 1921D-F4 1921D-F5 1921D-F6 1921D-F7 1921D-F8 1921D-F9 1921D-F10 1921D-F11

Yield 1.78% 1.89% 3.87% 17.07%  9.29% 227% | 21.50% @ 8.11% 15.78% @ 16.60% 1.84%
IC50 256 64 32 16 16 16 32

Figure 3.1. Parent-child tree of the isolation scheme of Rosa X damascena flower extract.
Extracts that were studied in the research are highlighted. The IC50 values were obtained from
broth microdilution MIC assay of the extracts against 4. baumannii strains ATCC 17978 and
ABS5075; each extract showed the same IC50 against both strains. Extracts without IC50 indicated

didn’t reach 50% inhibition.

Extracts 1921 and 1921B~E

1. Analytical HPLC

The analytical HPLC run of the crude and partition extracts yielded chromatograms with
separated peaks of absorbance under wavelength of 280 nm. The majority of the peaks for extracts
1921, 1921C, 1921D and 1921E were distributed at regions with low concentration of solvent B,
acetonitrile (Figure 3.2, 4-6.). One exception is extract 1921B, in whose chromatogram most of

the peaks were clustered towards the region with high acetonitrile concentration (Figure 3.3).
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Figure 3.2. Analytical HPLC chromatogram of extract 1921 obtained under 280 nm with %B
gradient overlaid. 1921 is the crude extract of Rosa x damascena. The solvent system is: (A) 0.1%
formic acid in deionized water, (B) 0.1% formic acid in acetonitrile.
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Figure 3.3. Analytical HPLC chromatogram of extract 1921B obtained under 280 nm
with %B gradient overlaid. 1921B is the hexane partition extract of Rosa % damascena. The
solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic acid in acetonitrile.
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Figure 3.4. Analytical HPLC chromatogram of extract 1921C obtained under 280 nm
with %B gradient overlaid. 1921C is the ethyl acetate partition extract of Rosa X damascena.
The solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic acid in

acetonitrile.
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Figure 3.5. Analytical HPLC chromatogram of extract 1921D obtained under 280 nm
with %B gradient overlaid. 1921D is the water-saturated n-butanol partition extract of Rosa X
damascena. The solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic acid

1n acetonitrile.
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Figure 3.6. Analytical HPLC chromatogram of extract 1921E obtained under 280 nm
with %B gradient overlaid. 1921E is the aqueous partition extract of Rosa * damascena. The
solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic acid in acetonitrile.

2. Broth microdilution MIC assay against ESKAPE Pathogens
Growth inhibition curves of the extracts against ESKAPE pathogens were plotted from data

obtained from the broth microdilution MIC assay. Average and standard deviation of percent of

inhibition was calculated for each of the triplicates (Figure 3.7).
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Figure 3.7. Percent growth inhibition of Rosa X damascena crude and partition extracts
against ESKAPE pathogens. ESKAPE pathogens used: a. Acinetobacter baumannii, b.
Acinetobacter baumannii, c. Enterobacter cloacae, d. Pseudomonas aeruginosa (PAO1), e.
Klebsiella pneumoniae, f. Enterococcus faecium, g. Staphylococcus aureus. The x-axis is in log-
10 scale. The error bar represents standard deviation within triplicate.



IC50 value was determined to be the concentration where 50% growth inhibition of the

bacterium is achieved (Table 3.1).

Table 3.1. IC50 of 1921 and 1921B~E against ESKAPE Pathogens (ng/mL)

ATCC 17978 | AB5075 | CDC32 | AHO071 | EU32 EU49 | AH1263
1921 64 64 -- 32 256 -- 256
1921B -- -- -- 256 -- -- 512
1921C 32 32 128 -- 32 -- 128
1921D 32 32 256 -- 64 -- 64
1921E 256 256 -- 128 32 256 --

Extracts 1921D and 1921D-Fs

1. Flash chromatography

From the flash chromatography run of the chosen potent extract 1921D, a total of 168 test

tubes of solution were produced. According to the results of TLC and chromatogram, they were

recombined into 11 fractions: 1921D-F1 (tubes 1-15), 1921D-F2 (tubes 16-21), 1921D-F3 (tubes

22-32), 1921D-F4 (33-41), 1921D-F5 (tubes 42-46), 1921D-F6 (tubes 47-48), 1921D-F7 (tubes

49-73), 1921D-F8 (tubes 74-92), 1921D-F9 (tubes 93-117), 1921D-F10 (tubes 118-140) and

1921D-F11 (tubes 141-168).

The flash chromatograms showed separated peaks of absorbance under wavelength 280 nm.

The first three major peaks were distributed in three distinct isocratic concentrations of the initial

solvent system: at 80% chloroform and 20% methanol, 70% chloroform and 30% methanol, 60%

chloroform and 40% methanol. The last peak appeared in the range of 40% to 100% methanol, and

there were two crests within the last peak. No peak appeared after the switch of solvent system

(Figure 3.8).
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Figure 3.8. Flash chromatogram of 1921D obtained under 280 nm with %B gradient overlaid.
The initial solvent system is: (A) chloroform, (B) methanol; the solvent system was switched were
switched at around 105.0 CV to: (A) methanol, (B) deionized water.

2. TLC Plates for 1921D flash fractions

The solutions obtained from the flash run of 1921D were analyzed with normal-phase TLC for
recombination. TLC was performed for solutions in tube 1-75. No visible mark was seen on the
TLC plate for tubes 1-15. One mark near the solvent front was observed on the TLC plate for tubes
16-21. Two spots with clear separation were visible near the solvent on the TLC plate for tubes 22-
32. On the TLC plate for tubes 33-41, there were two marks near the solvent front and one mark
near the start line. On the TLC plate for tubes 42-46, there was only one mark near the solvent
front and one mark near the start line. The mark near the solvent front disappeared and only the
mark near the start line could be seen on the TLC plate for tubes 47-48. Starting from tube 49, the
samples became harder to separate and stayed close to the start line; from tube 58 on, the samples
stick to the start line (Figure 3.9). No TLC was performed for solutions in the rest of the tubes.

Based on the above TLC results as well as the chromatogram, test tubes of solution obtained from



flash chromatography were combined into 11 flash fractions.
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Figure 3.9. Normal-phase TLC of 1921D flash solutions. The mobile phase was 40% methanol
and 60% chloroform. The TLC plates were visualized with vanillin/sulfuric acid spraying reagent
under: visible light. The solutions run on each TLC plate are: a. tubes 1-8, b. tubes 9-16, c. tubes
17-24, d. tubes 25-32, e. tubes 33-41, f. tubes 42-48, g. tubes 49-57, h. tubes 58-67, 1. tubes 68-75.

Extracts 1921D-F7~9

1. Normal-phase TLC

Normal-phase TLC was performed for the active extracts 1921D and 1921D-F7~9 to compare
their chemical compositions. From visualization using vanillin/sulfuric acid reagent as well as
under UV, extract 1921D exhibited at least five distinct bands. Extract 1921D-F7 showed at least

four bands, 1921D-F8 had at least two bands, and 1921D-F9 had at least two bands.



121D &

1921 D-F 3
Compraisgn
S0% Meor)+
L07, 504, .

12/02 1 %-

Figure 3.10. Normal-phase TLC of 1921D and 1921D-F7~9. The mobile phase was 50%
methanol and 50% ethyl acetate. The TLC plates were visualized with vanillin/sulfuric acid
spraying reagent under: a. visible light, b. UV light.

2. Analytical HPLC
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Figure 3.11. Analytical HPLC chromatogram of extracts 1921D-F7 and 1921D obtained
under 254 nm with %B gradient overlaid. 1921D-F7 is the 7% recombined flash fraction of
extract 1921D. The solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic
acid in acetonitrile. The blue line is 1921D-F7 and the green line is 1921D.
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Figure 3.12. Analytical HPLC chromatogram of extracts 1921D-F8 and 1921D obtained
under 254 nm with %B gradient overlaid. 1921D-F8 is the 8" recombined flash fraction of
extract 1921D. The solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic
acid in acetonitrile. The blue line is 1921D-F8 and the green line is 1921D.
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Figure 3.13. Analytical HPLC chromatogram of extracts 1921D-F9 and 1921D obtained
under 254 nm with %B gradient overlaid. 1921D-F9 is the 9" recombined flash fraction of
extract 1921D. The solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic
acid in acetonitrile. The blue line is 1921D-F9 and the green line is 1921D.
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Figure 3.14. Analytical HPLC chromatogram of extracts 1921D-F7~9 obtained under 254
nm with %B gradient overlaid. 1921D-F7~9 is the 7~9'" recombined flash fractions of extract
1921D. The solvent system is: (A) 0.1% formic acid in deionized water, (B) 0.1% formic acid in
acetonitrile. The blue line is 1921D-F7, the green line is 1921D-F8, and the brown line is 1921D-
FO.

3. Broth microdilution MIC assay against Acinetobacter baumannii
Growth inhibition curves of the extracts against Acinetobacter baumannii strains ATCC 17978
and AB5075 were plotted from data obtained from the broth microdilution MIC assay. Average

and standard deviation of percent inhibition was calculated for each of the triplicates.
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Figure 3.15. Percent growth inhibition of Rosa % damascena flash extracts against
Acinetobacter baumannii. The x-axis is in log-10 scale. The error bar represents standard
deviation within triplicate.

IC50 value was determined to be the concentration where 50% growth inhibition of the

bacterium is achieved.

Table 3.2. IC50 of 1921D-F1~11 Against Acinetobacter baumannii (ng/mL)
ATCC 17978 ABS5075

1921D-F1 -- --
1921D-F2 -- --
1921D-F3 -- --
1921D-F4 256 256
1921D-F5 64 64
1921D-F6 32 32
1921D-F7 16 16
1921D-F8 16 16
1921D-F9 16 16
1921D-F10 32 16
1921D-F11 -- --

4. TLC-agar-overlay bioautography assay
The normal-phase TLC plates of epigallocatechin gallate and 1921D-F7~9 were not treated

with vanillin/sulfuric acid reagent and visualized under visible and UV light. For all three plates,



the Rf of epigallocatechin was about 0.6 and the banding patterns of the extracts were similar.

Figure 3.16. TLC plate 2 of epigallocatechin gallate and 1921D-F7~9 before TLC-agar-
overlay bioautography assay. This is a picture of plate 2 under visible (a) and UV (b). The solvent
front is 7.79 cm and the epigallocatechin ran to 4.97 cm. The streaks of extracts shown similar
band pattern as before. The pattern was similar for plate 1 and 3.

After 22 hours of incubation, the LB soft agar turned from colorless, transparent and smooth
to light blue with little bumps on top of the agar. The bumps of colonies were all over the agar,
except for three regions of smooth surfaces directly on top of the streaks of extracts 1921D-F7~9.
No zone of inhibition was observed on top of the streak of epigallocatechin gallate. The above

phenomena could be observed in all three plates (Figure 3.17).

Table 3.3. Length of Inhibition Zone (cm) and Retention Factor (Rf) of 1921D-F7~9
in TLC-Agar Overlay Bioautography Assay Against AB5075
1921D-F7 1921D-F8 1921D-F9
Length (cm) Rf Length (cm) Rf Length (cm) Rf
Plate 1 2.0 0.24 2.0 0.24 1.9 0.22
Plate 2 3.0 0.39 2.9 0.37 2.2 0.28
Plate 3 2.8 0.36 2.8 0.36 2.0 0.26

For TLC plate 1, the lengths of inhibition zones for extracts 1921D-F7 and 1921D-F8 were
shorter than those in plates 2 and 3; for plates 2 and 3, the lengths of clear zones were longer for

extract 1921D-F7 and 1921D-F8 than that of 1921D-F9 (Table 3.3).



N\ : A =
SN\ e ——

Figure 3.17. TLC plates of TLC-agar-overlay bioautography assay after 22-hour incubation.
A. and b., plate 1; c. and d., plate 2. B. and d. are close-up image of the streak region; the clear
regions in the agar were enclosed by the red shapes; the red lines were start line of the TLC run.

Plates 1 and 2 were run under the same condition but not at the same time.

After another 22 hours of incubation, the blue color and the rough texture were more obvious
on the plates. Some patches of colonies could be observed. Bumps of colonies started to grow on
the streaks of extracts but the length of the smooth regions around the streaks of extracts 1921D-

F7~9 generally remained unchanged.



Figure 3.18. TLC plates of TLC-agar-overlay bioautography assay after 44-hour incubation.
A. and b., plate 1; c. and d., plate 2. B. and d. are close-up image of the streak region; the clear
regions in the agar were enclosed by the red shapes; the red lines were start line of the TLC run.
TLC plates 1, 2 and 3 were run under the same condition, but plate 1 was not run at the same time
as plates 2 and 3.

5. Reverse-phase TLC

After testing the different mobile phases, the optimal solvent system was determined to be
chloroform:methanol:water (30:70:4, v/v/v). The trace of the extract stretched along the length of
the solvent front. No obvious color pattern was observed under visible or UV light without the
treatment of vanillin/sulfuric acid spraying reagent. The results for the other less optimal solvent

system were not shown.



Figure 3.19. Reverse-phase TLC plates of 1921D-F7. The mobile phase was
chloroform:methanol:water (30:70:4, v/v/v). The TLC plates were visualized under: a. visible light,
b. UV light. The two plates were run under the same condition at different times.

6. Cytotoxicity test

The cytotoxicity curves of the active extracts 1921, 1921D and 1921D-F7~9 were plotted from
data obtained from the broth microdilution MIC assay. Average and standard deviation of percent

of inhibition was calculated for each triplicate.
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Figure 3.20. Percent cytotoxicity of potent extracts 1921, 1921D and 1921D-F7~9. The x-axis
is in log-10 scale. The error bar represents standard deviation within each triplicate.



Chapter 4: Discussion

Overall fractionation scheme
As fractionation of Rosa x damascena flower proceeded from crude extract 1921to 1921D
and to 1921D-F7~9, the IC50 concentration against both strains of Acinetobacter baumannii,
ATCC 17978 and AB5075, continuously decreased. It can be conjectured that the concentration of
the potent compound(s) increased as the number of different chemicals in each fraction decreased.
Therefore, the bioassay-guided fractionation scheme was effective in approaching the goal of

isolating effective components from the flower extract of Rosa x damascena.

Chemical properties of Rosa x damascena potent extracts

1. Analytical HPLC

For the reverse-phase analytical high-performance liquid chromatography (HPLC), the
stationary phase used for separation is a nonpolar C18 column. Since the relative polarity of solvent
(A) 0.1% formic acid in water, is higher than that of solvent (B) 0.1% formic acid in acetonitrile,
as the concentration of solvent (B) increased through the run, the overall polarity of the mobile
phase gradually decreased. Therefore, the more polar compounds in the extracts would elute earlier
when the concentration of solvent (B) is lower, and the nonpolar compounds would elute later.
However, the HPLC can only detect the presence of compounds that absorb the set wavelengths
of UV light. For this reason, compounds that do not absorb UV light will not appear on the HPLC
chromatogram, and the chromatogram might not represent the whole chemical profile of the

extracts.



The chromatograms of the active extracts 1921D and 1921D-F7~9 consistently had most of
their peaks eluting early in the run. The absorbance peaks of another active fraction 1921C also
appeared when the mobile phase was more polar, while for fraction 1921B which didn’t show
much growth inhibitory activity, all of the peaks eluted with nonpolar mobile phase (Figure 3.2-
6). The major peaks of 1921D and 1921D-F7~9 eluted when the concentration of solvent (B) was
5% to 25%. For these reasons, it is reasonable to suggest that the UV-active compounds and the
bioactive compounds in the active extracts were very polar.

After comparison, the chromatogram of 1921D and its active flash fractions 1921D-F7~9 were
found to be very similar (Figure 3.11-14), indicating that similar UV-active chemicals were present

in the extracts.

2. Normal-phase Reverse-phase TLC

The solid phase used in the normal-phase thin-layer chromatography was a polar silica plate.
The more polar compounds would stick more closely to the silica plate and move the least, which
corresponds to an early eluting time in the HPLC chromatogram; nonpolar compounds would have
the opposite characteristics. After being treated with vanillin/sulfuric acid spraying reagent, the
potent extracts separated via TLC showed similar components near the start line and only varied
near the solvent front (Figure 3.10). Therefore, it is confirmed that although the HPLC
chromatograms of extracts 1921D and 1921D-F7~9 were similar, their chemical compositions
were actually different. Since the growth inhibitory activities of 1921D-F7~9 were similar, it is

conjectured that the shared, more polar compounds near the start line were responsible for the



antimicrobial activity. Each color on the streak on the TLC plate indicated the presence of at least
one different compound: 1921D-F7 had at least four different compounds, while 1921D-F8 and 9
only had two (Figure 3.10). Since the distinct compound extracts 1921D-F7 were closer to the
solvent front, the compounds that were missing in 1921D-F8 and 9 should be the more polar
compounds.

For the reverse-phase TLC, the solid phase is nonpolar, and polar compounds tend to go closely
with the mobile phase. After testing with the solvent systems (results not shown), the optimal
mobile phase was chloroform:methanol:water (70:30:4, v/v/v). Extract 1921D-F7 stretched along
the plate and stayed with the mobile phase. Therefore, the results from normal-phase and reverse-

phase TLC agreed with that from reverse-phase HPLC, suggesting the compounds are polar.

Overall, the results from HPLC, normal-phase TLC and reverse-phase TLC agreed with each
other. Therefore, the potent component(s) of Rosa x damascena flower extract is polar, which
agrees with previous research that the phenolic compounds in the extract should be responsible for

its antimicrobial activity.

Biological activity of Rosa x< damascena potent extracts

1. Broth microdilution MIC assay of 1921 and 1921B~E against ESKAPE pathogens

In the broth microdilution MIC assay of extracts 1921 and 1921B~E against the ESKAPE
pathogens, the extracts demonstrated up to 80% growth inhibitory activity at 512 g/mL against
both strains of Acinetobacter baumannii (ATCC 17978, AB5075) and Pseudomonas aeruginosa

(PAO1). The extracts also showed weak inhibition up to around 60% at 512 g/mL against



Enterobacter cloacae (CDC32), Klebsiella pneumoniae (EU32) and Staphylococcus aureus
(AH1263). For the above bacteria, extracts 1921C and 1921D generally had the most inhibitory
effect, followed by the crude extract 1921; 1921B and 1921E tended to have the least growth
inhibition. The exception was in the treatment of Enterococcus faecium (EU49), where all extracts,
except for 1921B, seemed to promote the growth of the bacterium, while 1921B could reach up to
around 100% inhibition at high concentrations.

None of the extracts reached 90% growth inhibition, therefore no MIC value was obtained.
The IC50 values of extracts 1921C and 1921D were the lowest, indicating that they had the
strongest antimicrobial effect and likely captured the potent compound(s). Out of the two, 1921D
was chosen to be further fractionated because it had better growth inhibitory activity against both
strains of A. baumannii at low concentrations compared to 1921C. However, 1921C is a good

direction for further elucidation.

2. Broth microdilution MIC assay of 1921D-Fs against A. baumannii strains

In broth microdilution MIC assay of the flash fractions of 1921D, extracts 1921D-F7~9
demonstrated the highest percentage of growth inhibition, followed by extracts 1921D-FS5, 6, 10.
Extracts 1921D-F1-4 and 11 had little inhibitory effect. The growth inhibition curves for the two
strains of 4. baumannii were very similar, yet the percent inhibition against the more virulent
ABS5075 strain was slightly lower than that for the susceptible ATCC 17978 strain. This indicated
that the extract had lower inhibition against AB5075 probably due to the unique virulent or

resistant factors within its genome.



However, although at 256 pg/mL extracts 1921D-F8 reached around 89% and 84% inhibition
against ATCC 17978 and AB5075 respectively, none of the extracts reached 90% inhibition, and

therefore no MIC value was obtained.

3. TLC-agar-overlay Bioautography assay

The Acinetobacter baumannii strain used in the assay was AB5075 modified with an insertion
of Lac-Z gene. It is the production of B-galactosidase encoded within the Lac operon, which is
responsible for the digestion of lactose in many enteric bacteria. The added X-gal in the LB soft
agar used to culture the modified bacteria is an analog of lactose. The colorless compound is made
up of a galactose and an indole, which upon hydrolysis by B-galactosidase will yield a blue product.
For this reason, the growth of AB5075 can be indicated by the color change from colorless to blue
or by visible colonies in the agar.

For the three TLC plates tested in the assay, the development of a rough surface with little
bumps indicated the presence of bacterial colonies. The color was changed to slightly blue. The
clear zones on and slightly around the streaks of extracts indicated that there was growth inhibition
against the bacterium. The length of the zone of inhibition was similar for extracts 1921D-F7~9 in
plate 1, but the length for 1921D-F7 and 8 was longer than that of 1921D-F9 in plates 2 and 3.
Since TLC plate 1 was not run at the same time as TLC plates 2 and 3, variation could arise. By
comparing the Rf values of the zones of inhibition in plate 2 to the image of plate 2 taken before
the assay, the zone of inhibition was found to cover the majority the streaks. This indicated that for

extracts 1921D-F7~9, the majority of the fractions had growth inhibitory activity against A.



baumannii. It could that most of the compounds in the extracts were potent, or that separation of
the fractions was not enough. Therefore, it is reasonable to suggest that fractionation using flash

chromatography was not optimal for this extract and further separation is needed.

4. Cytotoxicity test

The highest percent cytotoxicity for the active extracts was around 30-40%. The extract 1921
had the least cytotoxicity while cytotoxicity was highest for extract 1921D. Among the three flash
fractions, 1921D-F9 had the lowest cytotoxicity that is closest to the level of 1921 (Figure 3.20.).
The cytotoxicity of the extract could increase because the concentration of certain compound(s) in
the extract increased as fraction proceeded. However, the cytotoxicity for the extracts was

generally low, which went down to around 0% starting at 128 pg/mL.

Conclusion
The Rosa * damascena flower extract had growth inhibitory effect against Acinetobacter
baumannii. In broth microdilution assay, potent extracts 1921D-F7~9 demonstrated similar growth
inhibitory activity with IC50 at 32 pg/mL; 90% inhibition wasn’t reached. Extracts 1921D-F7~9
shared similar chemical composition and the active compound(s) is likely polar. The active extracts

had low cytotoxicity to human cells.

Future Direction
Since the active extracts and the compounds are likely polar, flash chromatography will not

be able to reach optimal fractionation. Since the chromatogram of analytical HPLC showed clear



separation of peaks, preparative HPLC might be utilized to further fractionate the potent extracts
1921D-F7~9 more definitively.

Further optimization of the reverse-phase TLC method can be done. If better separation is
reached, TLC-agar-overlay assay could again be used to elucidate which fraction of 1921D-F7~9

contain the active compound(s).
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