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Aims and Scope of Acta Pharmaceutica Sciencia

Acta Pharmaceutica Sciencia is a continuation of the former “Eczacilik Biilteni”
which was first published in 1953 by Prof. Dr. Kasim Cemal GUVEN’s editor-
ship. At that time, “Eczacilik Biilteni” hosted scientific papers from the School of
Medicine-Pharmacy at Istanbul University, Turkey.

In 1984, the name of the journal was changed to “Acta Pharmaceutica Turcica”
and it became a journal for national and international manuscripts, in all fields
of pharmaceutical sciences in both English and Turkish. (1984-1995, edited by
Prof. Dr. Kasim Cemal GUVEN, 1995-2001, edited by Prof. Dr. Erden GULER,
2002-2011, edited by Prof. Dr. Kasim Cemal GUVEN)

Since 2006, the journal has been published only in English with the name, “Acta
Pharmaceutica Sciencia” which represents internationally accepted high-level
scientific standards. The journal has been published quarterly except for an in-
terval from 2002 to 2009 in which its issues were released at intervals of four
months. The publication was also temporarily discontinued at the end of 2011
but since 2016, Acta Pharmaceutica Sciencia has continued publication with the
reestablished Editorial Board and also with the support of you as precious sci-
entists.

Yours Faithfully
Prof. Dr. Seref DEMIRAYAK

Editor
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Development and Validation of UPLC
Method for the Determination of Olopatadine
Hydrochloride in Polymeric Nanoparticles

Umay Merve Giiven'", Murat Sami Berkman?, Yasemin Yazan?

1Cukurova University, Faculty of Pharmacy, Pharmaceutical Technology, Adana, Turkey.
2 Anadolu University, Faculty of Pharmacy, Pharmaceutical Technology, Eskigehir, Turkey.

ABSTRACT

A new, simple, rapid, precise, accurate and specific stability indicating reverse
phase UPLC method developed for the determination of encapsulated olopatadine
hydrochloride (OLO) in the polymeric nanoparticle formulations. Studies were car-
ried out on a 2.1x50 mm, 1.8 pm Zorbax Eclipse Plus C ; column with an optimized
mobile phase of methanol, water and sodium acetate buffer solution (40:50:10,
v/v/v) at a flow rate of 0.5 mL/min. OLO was detected and quantitated using a
photodiode array detector at a wavelength of 246 nm and the column tempera-
ture was adjusted to 40 °C. The proposed method validation was carried out for
specificity, linearity, accuracy, precision, limit of detection, limit of quantitation
and robustness according to the ICH harmonised tripartite guideline “validation of
analytical procedures Q2(R1)”. Analytical curve was linear over the concentration
range of 5-50 ug/mL. All the validation parameters were within the acceptance
range. LOD and LOQ for OLO were 0.7652 and 2.3188 ug/mL, respectively. The
developed method fulfilled the requirements for reliability and feasibility for the
quantitative analysis of OLO in polymeric nanoparticles.

Keywords: Olopatadine hydrocloride, Eudragit, UPLC, validation, nanoparticles.

INTRODUCTION

The conventional eye drops are the most convenient and patient compliant
non-invasive route for topical ophthalmic drug delivery. Nasolachrymal drain-
age, epithelial membrane barriers and non-productive absorption of these
ophthalmic preparations can result in poor ocular bioavailability and systemic
absorption leading side effects. The limited duration time requires frequently
dosing up to 4 times per day for many treatments *. The active ingredient can

*Corresponding Author: Umay Merve Giiven, e-mail: uguven@cu.edu.tr
(Received 13 August 2018, accepted 20 September 2018)
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be delivered to the posterior ocular tissue segments by different administra-
tions routes such as intravitreal injections, periocular injections, and systemic
administration, but all have limitations. To overcome the ocular drug delivery
barriers and improve bioavailability, various conventional and novel drug de-
livery systems have been developed such as emulsion, ointments, suspensions,
aqueous gels, nanomicelles, nanoparticles, liposomes, dendrimers, implants,
contact lenses, nanosuspensions, microneedles and in situ thermosensitive
gels 23.

Nanotechnology based ocular drug delivery systems such as polymeric nano-
particles have revealed promising results for dose optimization, bioavailability
and sustained ocular drug delivery to the posterior ocular tissue segments.

Ultra-performance liquid chromatography (UPLC) is a new category of sepa-
ration technique based upon well-established principles of liquid chromato-
graph#5. UPLC provides the benefit of small injection volumes, shortened run
times (<5 min), and reduced solvent usage, making it the more economical
method for quantitation®. Because of its speed and sensitivity, this technique
is gaining considerable attention in recent years for pharmaceutical and bio-
medical analysis”®. In this study, UPLC was preferred for determination and
quantification.

OLO (Figure 1) with histamine H1 receptor antagonistic action is used in ocu-
lar allergy and available on the market as eye drops for many years. OLO inhib-
its both mast cell degranulation and the release of arachidonic acid metabolites
in various types of cells 9>, Therefore, OLO loaded polymeric nanoparticles
were prepared as an alternative carrier to achieve the mentioned problems.
The main purpose of this study was to describe a new assay for the determina-
tion of encapsulated OLO in the polymeric nanoparticle formulations.

0]

| CO,H - HCI

_CH
n-CHs

CHj

Figure 1. Olopatadine hydrochloride
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METHODOLOGY
Materials

Olopatadine hydrocloride, methanol and sodium acetate were purchased from
Sigma (Steinheim, Germany). Eudragit® RS 100 was obtained from Degussa
R6hm Pharma Polymers (Germany). All other reagents and solvents were of
analytical grade and purchased from Sigma (Steinheim, Germany). High pu-
rity water was used throughout the experiment and prepared using a Millipore
Milli-Q water (France) purification system.

Preparation of Polymeric Nanoparticles

Eudragit® RS 100 polymeric nanoparticles were prepared using spray-drying
method*. Briefly, Eudragit® RS 100 and OLO were dissolved in 100 mL metha-
nol and stirred for 12 hours at room temperature with a magnetic stirrer. Final
transparent solution was then spray-dried using a Mini Spray Dryer (B-190,
BUCHI Labortechnik AG, Flawil, Switzerland) with an inlet and outlet tem-
perature of 120 °C and 70 °C, respectively. A white dry powder was obtained
and kept in coloured vials at room temperature until analysis*> 3. Olopatadin
hydrocloride-free nanoparticles were also prepared as described above. Com-
positions of the nanoparticles prepared were given in Table 1.

Table 1. Compositions of the polymeric nanoparticles

(1] K1) Methanol
Code Eudragit® RS 100 (mg)

(mg) (mL)
NP plasebo - 500 100
NP1 50 500 100
NP2 75 500 100

Chromatographic Conditions

As a model of combined pharmaceutical applications, the chromatography
analyses of the polymeric nanoparticles were performed using an Agilent 1290
Infinity UPLC system (Germany) equipped with a solvent degasser, quaternary
pump, autosampler, column oven and diode array detector. Agilent ChemSta-
tion software was used for operation control and data collection. The method
was developed using a 2.1x50 mm, 1.8 um Zorbax Eclipse Plus C ; column with
an isocratic mobile phase consisting methanol, water and buffer solution in
different ratios. The column temperature was maintained at 40 °C and UV de-
tection was performed at 246 nm. All prepared solutions were filtered through

Acta Pharmaceutica Sciencia. Vol. 57 No. 1,2019 | 9



0.22 pm membrane filters before injection. Statistics were computed using Mi-
crosoft Excel 2010 (Redmond, WA, USA).

Analytical Method Validation

The UPLC method was validated according to the International Conference
Harmonization (ICH) guideline® with respect to specificity, linearity, accuracy
and precision, limit of detection (LOD), limit of quantification (LOQ) and sta-
tistically evaluated for OLO quantification .

Linearity

A linear relationship was evaluated across the range of the analytical proce-
dure. The linearity of peak normalization (PN) ratios versus concentrations
were evaluated using the calibration curve obtained from 5, 10, 15, 20, 25, 30,
35, 40, 45, 50 ug/mL OLO solutions. Six individual replicates at each concen-
tration were analyzed and PN ratios were calculated using the Equation 1.

PN = peak area / retention time (R) Equation 1.

Linear least squares methodology was used for the calculation of regression
line. The correlation coefficient (r), coefficient of determination (r?), y-inter-
cept, slope of the regression line, residual sum of squares (RSS) was submitted
with a plot of the data.

Accuracy

The accuracy of the method was determined by recovery studies evaluated in 3
concentration levels of 10, 30 and 50 pug/mL. Six individual replicates of each
concentration were analyzed. Theoretical known amount and calculated assay
amount were evaluated with the percent recovery.

Precision

The analyses were performed on the same day to determine repeatability or
intra-day variability and on different days to establish the intermediate preci-
sion or inter-day variability. Samples were prepared in 3 concentration lev-
els of 10, 25, 50 pg/mL. Six individual replicate of each concentration were
analyzed. The precision of the chromatographic method was reported as mean
values, standart deviations (SD) and relative standart deviations (RSD) with
confidence intervals.

Specificity

The specificity of the method was verified by comparing the chromatograms
obtained from the placebo and OLO samples to show the detection ability of
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the desired components. Absence of any interference between the measured
peaks was demonstrated in the representative chromatograms.

Limit of Detection (LOD) and Limit of Quantification (LOQ)

The calibration curve obtained in linearity was used for the detection limits.
The LOD and LOQ were theoretically calculated by Equation 2 and 3.

LOD = 3.30/S Equation 2.
LOQ =100/S Equation 3.

where o is the standard deviation of y-axis interception values of the calibra-
tion curve and S is is the slope of the calibration curve .

Robustness

The capacity of the analytical method was investigated by deliberate variation
of the mobile phase composition, flow rate, column temperature and stabil-
ity of OLO. Sample solutions were evaluated for each variation of the method
conditions.

Determination of OLO in Polymeric Nanoparticles

Two different extraction methods were used to assess the encapsulation ef-
ficiency of the nanoparticles. 5 mg nanoparticle was weighed and dispersed
in 2 mL distilled water for the determination of superficial and free OLO. This
suspension was centrifuged at 5000 rpm for 3 minutes and filtered. The same
amount of nanoparticles were dissolved in 2 mL methanol for the determina-
tion of total OLO. The mixture was vortexed for 1 minute and filtered. The
loaded amount of OLO was determined by UPLC analyses of these two samples
in triplicate. The measurements were also repeated at 3 and 6™ months for
stability study. Encapsulation efficiency were calculated using the following
Equation 4 *.

EE (%) = [(OLO, - OLOy) x (OLO,)"] x 100 Equation 4.
EE: Encapsulation Efficiency

OLO, : Total OLO content

OLOj : Superficial and free OLO content

RESULTS AND DISCUSSION

Chromatographic Conditions

Initial runs were carried out on methanol and water in various proportions to
determime the appropriate mobile phase. Irregular shaping and tailing of OLO
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peaks were observed in isocratic mode. Satisfactory regular and symmetrical
peaks were obtained by using 0.1 M sodium acetate buffer solution. Studies
were carried out on a 2.1x50 mm, 1.8 um Zorbax Eclipse Plus C18 column with
an optimized mobile phase of methanol, water and sodium acetate buffer solu-
tion (40:50:10, v/v/v) and the sample injection volume was 0.5 pL.

Independent variables such as oven temperature, flow rate and wavelength
were also optimized which could greatly influence the separation procedure.
The effect of oven temperature was studied between 20 and 40 °C. The highest
OLO peak area and shape/base compliance was achieved at an oven tempera-
ture of 40 °C. The UV spectrum of OLO was scanned in the range of 200-400
nm and maximum absorption to accomplish the detection and the quantifica-
tion of OLO was observed at 246 nm. The role of the flow rate on retention
time, elution and peak morphology was tested and mobile phase was found
to be most reliable at flow rate of 0.5 mL.min. Under these conditions, OLO
showed an acceptable retention time of 1.5 min with a run time of 5 min. Analy-
sis time was 7 min including the re-equilibration time.

Before analysis, the chromatographic column was equilibrated with the mobile
phase for 30 minutes prior to injection. A summary of the chromatographic
setup conditions for validation and analysis are represented in Table 2.

Table 2. Chromatographic conditions

stationary phase Zorbax Eclipse Plus C,; 2.1x50 mm, 1.8 ym

mobile phase Methanol: water:sodium acetate buffer solution (40:50:10, v/v/v)
oven temperature 40 °C

flow rate 0.5 mL/min

injection volume 0.5 L

detection wavelenght 246 nm

12 | Acta Pharmaceutica Sciencia. Vol. 57 No. 1, 2019



Analytical Method Validation

Calibration curves were obtained by plotting the PN ratios versus concentra-
tions after the analysis of the injected samples (Figure 2).

60

50
40
i /
20

y=1.0261 x - 0,2232

r? = 10,9997

10 T/
0

0 5 10 15 20 25 30 35 40 45 50 55
Concentration (pg/ml)

PN Ratio

Figure 2. Linearity equation of OLO.

The linearity of the method was established in the 5-50 pg/mL OLO range and
showed excellent correlation within the concentration range. Regression sta-
tistics data of the six individual replicates were summarized in Table 3.

Table 3. Regression statistics of linearity (n=6)

pooled mean
correlation coefficient (r) 0.9984 0.9999
coefficient of determination (r?) 0.9968 0.9997
observations 60 10
y-intercept -0.2232
slope 1.0261

The coefficient of determination close to unity was not the necessarily outcome
of a linear relationship and the use of only this value could be potentially mis-
leading according to the Analytical Methods Committee (AMC) technical brief
7, Therefore, the lack-of-fit test was applied as an auxiliary indicator for linear-
ity by evaluating the variance of the residual values (Table 4). Analysis of Vari-
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ance (ANOVA) results were calculated by Minitab® 18 data analysis sofware
and confirmed linearity significance of the curve, homogeneity of variances,
and normality of the residues. The lack-of-fit was not statistically significant as
P-value > 0.05 (0.754) which means the test did not detect any lack-of-fit at the
a level in the simple linear regression model.

Table 4. ANOVA linearity pooled results (n=6) (DF: degrees of freedom; SS: sum of squares;
MS: mean squares; F: F-value; P: P-value)

DF SS MS F P
regression 1 13028.4 13028.4 17900.21 0.000
residual 58 422 0.7
lack-of-fit 8 3.8 0.5 0.62 0.754
pure error 50 38.4 0.8
total 59 13070.7

The accuracy of the method was determined by recovery studies of the known
contentrations. Analysis was carried out by the proposed method. The per-
centage recovery data were found to be accurate and in the acceptance limit of
+2%. The results indicated a low variability and a strong agreement between
the theoretical known amount and calculated assay amount. The percentage
recovery data, difference between mean and accepted true values and confi-
dence intervals were presented in Table 5.

Table 5. Accuracy results (n=6)

concentration levels (pg/mL) 10 30 50
recovery % 100.8911 99.8584 100.4588
difference (ug/mL) 0.0891 0.0425 0.2294
confidence intervals (95%) 0.1354 0.2918 0.5817

The precision study was performed on three concentration levels (low, me-
dium, and high) to evaluate the repeatability and intermediate precision of
the analytical method. Analyses were carried out on three consecutive days to
show the intra-day and inter-day variations. The precision of the method was
verified and found to be within the targeted intervals since the RSD is below
2%. The precision data were presented in Table 6. The inter-day results of the
three days were pooled and analyzed by GraphPad Prism 7 software.
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Table 6. Intra-day and inter-day (pool-days) precision results (n=6)

concentration intra-day .
inter-da
levels (pg/mL) day 1 day 2 day 3 y
Mean 10.5235 10.0891 10.0709 10.2278
SD 0.1965 0.1290 0.1906 0.2707
10 (low)
RSD 1.8675 1.2786 1.8921 0.0277
Cl (95%) 0.2062 0.1354 0.2000 0.1346
Mean 25.5769 25.6812 25.8976 25.7186
) SD 0.3612 0.4332 0.4008 0.3996
25 (medium)
RSD 1.4120 1.6867 1.5478 1.5538
Cl (95%) 0.3790 0.4546 0.4206 0.1987
Mean 49.7572 50.4572 50.2294 50.1479
, SD 0.7992 0.7875 0.5543 0.7420
50 (high)
RSD 1.6063 1.5607 1.1036 1.4797
Cl (95%) 0.8387 0.8264 0.5817 0.3690

The specificity of the developed method was conducted with OLO loaded and
placebo formulations. It was determined that overlapping effect of other for-
mulation components did not affect the OLO peak (Figure 3). It was therefore
concluded that the developed method was specific and the OLO peak was dis-
tinctly separated from other components in the formulations.

mAU
20+

Figure 3. Chromotogram of OLO (a) and placebo formulations (b)

The parameters LOD and LOQ were calculated using the standard deviation
of y-axis interception values of the calibration curve and the slope of the cali-
bration curve. The lowest OLO concentration detected and quantified were
0.7652 and 2.3188 pg/mL respectively. Calculated LOD and LOQ concentra-
tions could be considered as relatively high. The possible reasons of this situa-
tion were the use of PDA detector or high content of organic solvent and partial
UV-cutoff effect. Nevertheless, these results proved that the chromatographic
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method was suitable enough to detect and quantify OLO at a concentration
range of 5 to 50.0 pug/mL.

The robustness of the developed method was investigated with slight changes
in the column temperature, pH of the mobile phase and flow rate. However,
these changes had an influence on the assay and stability, the method was con-
sidered robust as the RSD values were below 2% for the OLO content.

Determination of OLO in Polymeric Nanoparticles

The OLO content and encapsulation efficiency of the polymeric nanoparticles
was carried out by the validated UPLC method. The results of characterizations
and 6 months stability of the formulations (25°C and 60% RH) were presented
in Table 7. The entrapment efficiency was evaluated according to Equation
4. Superficial and free OLO content was found higher than the encapsulated
for both NP1 and NP2 formulations. Drug and polymer concentration ratios
was found to be a significant factor for the entrapment efficiency . Although
the amount of OLO in the NP2 formulation was greater than NP1, NP2 was
less loaded. As a result of the stability studies over 6 months, no statistically
significant change was observed (p>0.05) in OLO_, OLOS and the entrapment
efficiency.

Table 7. The entrapment efficiency of the polymeric nanoparticles

time code 0LO, (g + SE) 0LO (ng = SE) EE (%)
initial NP1 140.007 £+ 0.738  102.138 = 0.874 27.048
NP2 203.680 + 0.532  184.990 = 0.587 9.176
3 months NP1 141.422 £ 0.560  103.436 + 0.755 26.983
NP2 208.602 + 0.797  188.783 + 0.847 9.530
6 months NP1 144.755 £+ 1172 106.270 + 0.847 26.706
NP2 213.602 + 1.161  192.783 + 0.524 9.776
CONCLUSION

Analytical method validation was performed to confirm that the analytical
procedure developed was adequate for its intended use, and that the results
derived could be utilized to determine the reliability and consistency of the an-
alytical data obtained. The method was completely validated for linearity, ac-
curacy, precision, specificity, LOD, LOQ and robustness according to the ICH
harmonised tripartite guideline “validation of analytical procedures Q2(R1)”
and showed satisfactory data for all tested parameters. As a result, this method
particularly exhibited an excellent sensitivity and speed performance for the
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determination of OLO.

This newly developed UPLC method was also successfully applied for the de-
termination of OLO in polymeric nanoparticle formulations, encapsulation
efficiency and the stability studies. The results were found within higher con-
fidence. In conclusion, this stability indicating method can be used and adapt-
able for the determination of OLO in similar pharmaceutical dosage forms.
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ABSTRACT

This study aims to biosynthesize zinc nanoparticles from the aqueous extract of
Panax ginseng (Red Ginseng) roots. The characteristics of ZnNPs were checked
using change in color, UV-Vis, SEM, SPM, AFM, FT-IR, and EDS analyses, and as-
sessed their cytotoxicity against L20B tumor cell line using MTT assay. The change
in the solution color after 3 hr on 70 °C is from yellow to the brownish color with
whitish sediments. The adsorption peak of UV-vis is 340 nm as evidence of forma-
tion the Zn nanoparticles. AFM, SEM and EDS observe shapes of zinc nanoparti-
cles which are spherical to irregular particles with rate of size 59.76 nm. The con-
centration 100% Zinc nanoparticles significantly (p<0.01) recorded best inhibition
percentage 41.70% against murine fibroblast cells (L20B) which have receptors of
human polioviruses. Thus, this work is considered as an auspicious first test to re-
duce the growth of cancers using green ZnNPs of Ginseng (Panax ginseng) in vitro.

Keywords: Anticancer activity, EDS, Red Ginseng, SPM, ZnNPs.

INTRODUCTION

Ginseng is one of Korean herbs which was used in ancient world . The scientific
name of Ginseng is Panax ginseng and it is a perennial plant belongs to the Aral-
iaceae family 2. The Greek word of Panax is meaning drug for all diseases, and
its origin from two words the first pan and the second axos meaning “all” and
“medicine” respectively 3. Korean Red Ginseng has been using as a health food
and food additives 4 because of its potential role in the immune improvement 5,
anti-fatigue, anti-stress, anti-aging effects °, antifungal 7, anti-diabetic &, antican-
cer activity 9, and improvement of blood circulation, and serum cholesterol .

*Corresponding author: Mustafa Nadhim Owaid, e-mail: mustafanowaid@gmail.com
(Received 13 August 2018, accepted 20 September 2018)
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The chemical composition of Panax ginseng mainly consists from saponin
(ginsenoside) 4, water-soluble sugar, acidic polysaccharides, and phenolic
compounds *, thus P. ginseng had numerous pharmacological and physiologi-
cal roles and opens the door toward using its extracts as a green agent to syn-
thesize metallic nanoparticles. Few studies have enabled to Ginseng-mediated
synthesize silver nanoparticles and gold nanoparticles >4,

Many studies were investigated the role of silver nanoparticles of Ginseng toward
inhibiting human cancers which decreased the levels of mRNA and phosphoryla-
tion of receptors of epidermal growth factor in cancer cells ** while 4 referred
to antioxidant effects by gold nanoparticles biosynthesized from Ginseng. Silver
and gold nanoparticles from leaves of this plant showed antimicrobial and potent
anticoagulant agents 3. In the last years, AuNPs were used as cosmetic products
because of their role against inflammation, and to disinfect skin wounds *.

The use of bacteria, fungi, parts of plant and their enzymes and extracts for syn-
thesis of zinc nanoparticles have much benefits for pharmaceutical and biomedi-
cal applications . Also, ZnNPs are used as preservative for different products like
foods, pigments, plastics, ceramics, glass, etc. °. Most of the studies of Red Ginseng
roots have referred to testing the bioactivity of its nanoparticles such as AgNPs and
AuNPs. However, this recent study firstly indicates that Red Ginseng reduced zinc
sulfate heptahydrate (ZnSO,.7H,0) and produce ZnNPs which inhibited mouse fi-
broblast cells (L20B cell line) in vitro. As you know that murine fibroblast cells have
receptors of human polioviruses thus this study is important in the medical field.

METHODOLOGY

Red ginseng

Dried Red Ginseng roots, Panax ginseng (Figure 1), were purchased from the
local market in Ramadi, Iraq which was obtained in October 2017. The pieces
of roots of Red Ginseng were grinded using the Stand Blender (SAMiX, model
LB6105D, China) to get its powder which will use in the extraction.

Extraction of Panax ginseng powder

About 20 g of the powder of P. ginseng was extracted in 200 mL Distilled Wa-
ter (DW) in a 500mL-flask using magnetic stirrer hot plate for 20 minutes at
100 °C then cooled to 25 °C. The aqueous extract was filtered using filter paper
Whatman No. 1 and then centrifuged for 10 minutes at 4000 cycle/min. The
obtained aqueous extract was kept in the icebox as a stock solution until its use.
The residue was emitted. FT-IR (Fourier Transform Infrared Spectroscopy)
spectrum of this aqueous extract was performed for characterizing and com-
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pared with FT-IR spectrum of the biosynthesized ZnNPs from it later.

Biosynthesis of zinc nanoparticles

About 0.86 g of zinc sulfate heptahydrate (ZnSO,.7H,0) was dissolved in 1 L
of DW on the magnetic stirrer until the completion of dissolving was observed.
The final concentration of ZnSO,.7H,0 solution is 3x10° M. Only, 100 mL of
zinc sulfate solution 3x103 M was mixed with 30 mL of the crude aqueous
Ginseng extract and heated on the magnetic stirrer hotplate at 70 °C for 3 hr
to synthesize zinc nanoparticles. The same test was achieved at 25 °C for 24 hr.
The change in the mixture color was individually recorded at 25 °C and 770 °C.

Characterization of ZnNPs

Ginseng-mediated biosynthesis of zinc nanoparticles (ZnNPs) was character-
ized using changing of the color of the mixture solution, UV-Visible spectrum
(by EMC-LAB V-1100 digital spectroscopy, Germany), FT-IR spectroscopy,
AFM, SPM, SEM, and EDS analyses.

In vitro Cytotoxicity

The cytotoxicity of ZnNPs toward L20B tumor cell line was investigated by
MTT assay as mentioned by 8. Firstly, 100 pl/well of 10° cell/mL L20B cells
was cultured in 96-well tissue culture plate. Three concentrations of 50%, 75%,
and 100% of colloid ZnNPs and extract of Ginseng roots were seperately ap-
plied in this test. About one hundred microliters of each concentration was
added within each well then incubated at 37 °C for 48 hr. After that, 10 pl of
5 mg/mL MTT solution (3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium
bromide) was added to each well and re-incubated at 37 °C for 4 hr. Finally,
50 pl dimethyl sulfoxide (DMSO) was added to each well and incubated for 10
minutes. L20B cells were cultured in complete medium without ZnNPs or the
extract of Ginseng solution as a control. ELISA reader was used to measure
the absorbance of each well at 620 nm. The growth inhibition percentage was
calculated using the equation below to give the cytotoxicity:

(Optical Density of control well — Optical Densityof treatment wells)

x 100

Growth inhibition percentage= Optical Density of control well

Statistical analysis

The data, in triplicates, has been subjected by its mean to one way analysis of
variance (ANOVA) using SAS program, version 9. The significance of differ-
ences has been determined by using Duncan’s Multiple Range Test and the
probability least than 0.01 was considered to be statistically significant.
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RESULTS AND DISCUSSION

UV-Visible spectrum of the biosynthesized ZnNPs from P. ginseng and their
color were checked in this test to confirm the formation of nanoparticles. The
color change of the mixture solution from yellow to the pale yellow close of the
brownish color with whitish sediments was apparently recorded in tube B at
peak 340 nm (Figure 1). The color arises due to excitement of surface Plasmon
vibration in ZnNPs. These results agree with  who produced polydispersed
brownish ZnNPs with absorbance peak at 310 nm using Actinomycestes. This
case was achieved by the heating at 70 °C for 3 hr with absorption of 3.150 cm™.
The absorption of tube A (performed at the room temperature) is 2.620 cm™
that less than B tube. The heating to 70 °C is more suitable than 25 °C for form-
ing ZnNPs from Red Ginseng roots extract due to increase of activation energy

to reduce this organic molecules 2°.

Adsorption (cm-1)

T T T T T 1
300 350 400 450 500 550 600
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Figure 1. UV-Visible spectrum of the biosynthesized ZnNPs from P ginseng extract using at
25°C (A) and 70 °C (B).

SEM image (Figure 2) observes shapes of zinc nanoparticles which are spheri-
cal to irregular particles with a clear accumulation. Figure 3 shows histogram
of the particle size distribution of the biosynthesized zinc nanoparticles which
reach to average 59.76 nm. Volumes of zinc nanoparticles of 45.00 nm, 60.00
nm, and 70.00 nm are <10%, <50%, and <90% respectively. The lower parti-
cles diameter is 45 nm while the higher diameter is 85 nm with volumes 8.16%
and 1.53% respectively. The higher amount is 17.86% for the ZnNPs with the
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diameter of 65 nm. Granularity Cumulation distribution of ZnNPs also has dif-
ferent accumulation according to their sizes as shown in Figure 3. The zinc na-
noparticles of 45 nm have the lowest accumulation of 8.16%, followed 18.88%
and 36.73% for ZnNPs with diameters 50.00 and 55.00 nm respectively. The
higher accumulation percentage is 100% for ZnNPs of 85.00 nm followed
98.47% and 92.35% for the sizes 80.00 nm and 75.00 nm respectively.

Spectrum 1

M 5gum Electran Image

Figure 2. Scanning Electron Microscopy (SEM) of the biosynthesized zinc nanoparticles.
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Figure 3. Histogram of particle size distribution of the biosynthesized zinc nanoparticles.
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AFM shows the lateral and three-dimensional images to screen surface
roughness of the Ginseng-mediated zinc nanoparticles (ZnNPs) at size image
2042.09 nmx2052.20 nm as shown in Figure 4. Surface roughness analysis
exhibits some functional parameters such as roughness average of 4.26 nm,
reduced summit height of 0.65 nm, core roughness depth of 15.4 nm, and re-
duced valley depth of 4.81 nm. Hybrid parameters are measured like surface
area ratio which reaches 7.75 and mean summit curvature reaches 0.43 nm™.
This is an indicator for the formation Zn nanoparticles in small sizes less than

60 nm.

Figure 5 presented the Energy Dispersive X-ray (EDS) measurement which
reconfirmed that the biosynthsized nanoparticles are actuality metal ZnNPs.
The existence of carbon, phosphor, sulfur and oxygen peaks observed the pres-
ence of covering organic fractions of Ginseng on the Zn nanoparticles. Weight
of Zinc 3.84% compared with 0.34% and 0.73% for S and P respectively. The
presence of the elemental Zn can be seen in the EDS graph that indicates the
reduction of Zn ions to elemental zinc. The appearance of other elements, like
K after adsorption is from the organic moieties in the watery crude extract as
mentioned by 2* who confirmed that potassium is adsorbed on the surface of
ZnNPs.
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Figure 4. AFM of the biosynthesized ZnNPs lateral (A), three-dimensional (B).
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Figure 5. Energy Dispersive X-ray (EDS) spectrum of ZnNPs of Panax ginseng.

The FT-IR spectroscopy was used to determine the chemical composition and
active groups found in the studied samples (Ginseng extract and the biosyn-
thesized ZnNPs from this extract) (Figure 6). The FT-IR spectrum of the Gin-
seng extract presented in Figure 6A showed finding two peaks the first 765 cm™
due to the covalent bond between carbon and silicon (Si-C) and another peak
1107 cm, which is evidence of the oxygen bond with silicon in (Si-O). As well
as absorption peaks at 1359 cm™ and 1419 cm™ belong to the homogeneous and
heterogeneous bending vibration of the methylene group (-CH,) or the methyl
(-CH,) and the absorption bands at 2889 cm™ and 2923 c¢m™ belongs to the
homogeneous and heterogeneous extension vibration of the methylene group
(-CH,) or the methyl (-CH,). The mentioned four peaks belong to the methyl-
ene group (-CH,) and the methyl group (-CH,) in the synthesis of amino acids,
peptides or proteins and the sign of that is finding the absorption band returns
to the single bond (C-C).

The spectrum also showed an absorption peak at 1620 cm™ due to the exten-
sion vibration of the group (C=C) in the alkene compounds and to the succes-
sive double bonds in the benzene ring in the aromatic structures. The presence
of compensated aromatic rings is found in the composition of amino acids,
peptides, and proteins 22. The peak of 2290 ¢cm™ is a clear indication of the
existence of stylenyl derivatives contains trinal bonds (C=C). From the oth-
er hand, the existence of other peaks mentioned supporting the presence of
double bond (C=C) on carbon atoms at 1419 cm™ and 3178 cm™ related to the
extension vibration of groups C-O and =C-H respectively, which is due to alk-
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ene compounds. Also, when reviewing the previous studies which studied the
chemical composition of some Ginseng-derived compounds, it is certain that
the extract in this study contains polyacetylenes may be in their three struc-
tures ', (see Figure 7).

It is confirmed that the Ginseng extract contains polyacetylene compounds,
amino acids, peptides, proteins, polyphenols, and polysaccharides. There is
an extension vibration of the absorption bands at 3451cm™, and two bending
vibration bands at 1261cm™ and 1359cm™ belong to the hydroxyl group (-OH)
and the peak of 1419 cm™ due to an extension vibration for the group C-O.

The absorption peak at 2705 cm™ indicates the presence of hydrogen bound
to the carbonyl group in the aldehyde group (O=C-H). That is an evidence of
the presence of non-cyclic monosugars. The two bands 603 cm™ and 638 cm™
showed the presence of the amide group (O=C-N-H) which binds successive
two amino acids in the composition of proteins or peptides. Furthermore, the
presence of the absorption peak at 3404 cm™ also belongs to the amine group
(-NH) in the synthesis of the amino acid (Arginine), or belongs to the amide
group in the peptide or protein synthesis 2223, The presence of the carboxylic
group (-COOH) in amino acids is evidenced by the appearance of the broad
absorption range from 2410 cm™ to 3620 cm™. Moreover, a bending vibration
band at 925 cm™ is belonging to the hydroxyl group in the carboxyl group 2+-%7.

There is a band located at 1745 cm™ belongs to hexagonal-cyclic ketones, thus
it belongs to the group of Carbonyl (C=0). This is evidence that the extract
contains flavonoids, which belong to the category of phenols and its function to
protect the plant from the harmful effects of ultraviolet radiation. The presence
of flavonoids in the Ginseng extract was studied by others as shown in Figure
8. That also confirms that the Ginseng extract under study contains these com-
pounds. It is believed that because of the presence of hydroxyl (-OH), carbon-
oxygen (C-O), methylene (-CH,) and methyl (-CH 3) groups, the presence of
ginsenoside compounds in the Ginseng extract is similar in structure to the
primary structure of cholesterol but is more complex in terms of the chemical
composition 28,

The FT-IR spectrum of the biosynthesized zinc nanoparticles (Figure 6B)
shows the sharp absorption peak located at 1141 cm™, the two clear peaks at
1371 cm™ and 1423 cm™ and the clear wideband at 1629 cm™. That is a clear
indicator to presence of nano-zinc atoms in the composition of the biosynthe-
sized ZnNPs from Ginseng extract, because in a study on mushrooms found
that the FTIR spectrum of silver nanostructures when it binds with the hydro-
carbons, it shows four bands located nearby and within the mentioned ranges
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29, Tt was noted that this spectrum is very similar to the spectrum of FT-IR of
the Ginseng extract (Figure 6A) in terms of the extension of the bands thus the
chemical composition is similar, but the insulation, clarity, and the band width
are better in the second spectrum (Figure 6B). The reason for this may be due
to the presence of zinc atoms with good dispersion with a high surface area that
enables the active groups in the electron-rich in the Ginseng extract to share
their electron pairs with the empty orbitals in the outer shell of zinc.

It is known that zinc atoms have 30 electrons thus its fourth shell has one elec-
tronic pairs in the level (4s), thus the rest secondary levels 4p, 4d, and 4f which
contain three, five, and seven orbitals respectively are empty and can assimi-
late coming electronic pairs from good atoms with negative charges are O, N,
and S which find in monosaccharides, polysaccharides amino acids, peptides,
proteins, polyphenols, flavonoids, polyacetylenes, and ginsenosides. Thus, the
previous FT-IR spectrum (Figure 6B) exhibited that the structures of acidic
polysaccharides, amino acids, ginsenosides, poly acetylenes, and polyphenols
in the Panax ginseng extract are not affected because of interaction their active
groups with zinc ions or zinc nanoparticles as reducing and capping agents to
the synthesized ZnNPs.
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Figure 6. FT-IR spectrum of extract of P ginseng (A) extract and ZnNPs of P ginseng (B)
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Cytotoxicity of the biosynthesized ZnNPs and extracts of Panax ginseng Gin-
seng were applied against L20B tumor cell line using the colorimetric cell
viability MTT assay. Three concentrations (50%, 75%, and 100%) of ZnNPs
solution and aqueous extracts of Ginseng were individually achieved com-
pared with the control. All concentrations of aqueous crude extracts did not
exhibit any growth inhibition percentage as shown in Figure 9. Zinc nanopar-
ticles of Ginseng showed growth inhibition percentages approx. 35.03%. The
concentration of 100% significantly (p<0.01) recorded inhibition percentage
of 41.70%, followed 33.30% and 30.10% by the concentration 75% and 50%
respectively. The reason of that belongs to induce cytotoxicity and ROS gen-
eration in L20B tumor cell line 3° which cause apoptosis leading to cell death
and preventing their replication. 3'. Extract of P. ginseng composes from some
pharmacological compounds like polysaccharides, flavonoids, triterpenoids,
and ginsenosides which caped ZnNPs, have been included anticancer activity
w1 The ability of the biosynthesized ZnNPs to inhibit L20B tumor cell line is
considered as a potential indicator for biological activity of these green nano-
particles against the cancers in vitro. Saponin of Red Ginseng roots (Ginseno-
side) is active compound against cancers 3 because of its role as antioxidant
agent covering the ZnNPs. The zinc in many medical and nutritional products
play a promising role in host defense to prevent the initiation, promotion and
development of carcinoma.®3 A zinc nanoparicle model is useful as an approach
to increase activity of zinc in treatment of cancers due to the high surface area
of ZnNPs. Many studies were investigating the inhibitory role of AgNPs toward
human cancers but not ZnNPs. These results agree with results of > who refer-
eed to that silver nanoparticles of Ginseng decreased the levels of mRNA and
phosphorylation of receptors of epidermal growth factor in cancer cells. While
4 prepared gold nanoparticles from this plant and have antioxidant effects.
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Figure 9. Cytotoxicity of extract of ginseng (P ginseng) and its biosynthesized ZnNPs

CONCLUSION

This study aims to biosynthesize zinc nanoparticles from the aqueous extract
of Panax ginseng (Red Ginseng) roots and characterize their properties. SEM
image observes shapes of zinc nanoparticles which are spherical to irregular
particles with rate of size 59.76 nm. The FT-IR spectrum of ZnNPs exhibited
that the numerous structures of acidic polysaccharides, amino acids, ginseno-
sides, polyacetylenes, and polyphenols in the Ginseng extract are not affected
because of interaction their active groups to reduce and cap zinc ions to Zn°
and synthesizing zinc nanoparticles (ZnNPs). EDS reconfirmed that the na-
noparticles formed are indeed metal ZnNPs. The concentration 100% Zinc na-
noparticles significantly (p<0.01) recorded best inhibition percentage 41.70%
against murine fibroblast cells (L20B) which have receptors of human polio-
viruses, thus, this work is considered as an auspicious first test to reduce the
growth of cancers using green ZnNPs of Ginseng (Panax ginseng) in vitro. A
zinc nanoparticle model is useful as an approach to increase activity of zinc in
treatment of cancers due to the high surface area of ZnNPs.
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ABSTRACT

Solid dispersions have been proved to be an effective method for the improvement
of solubility and bioavailability of poorly water-soluble drugs. The study was de-
signed to demonstrate the potential of ketoprofen loaded BSA solid dispersions on
the solubility & in-vitro release of ketoprofen.

Ketoprofen-BSA solid dispersions were prepared by the freeze-drying method. A
2-factor, 3-level central composite experimental design was used to study the effect
of varying concentration of BSA and ketoprofen on drug solubility & in-vitro drug
release.

The combined effect of concentration of BSA & ketoprofen on % release and solu-
bility exhibited a linear relationship between independent and dependent varia-
bles, suggesting that higher level of BSA & ketoprofen favours the expedited release
and solubility.

Bovine serum albumin may be explored as a carrier for the preparation of solid
dispersion for the enhancement of solubility and in-vitro drug release of BCS class
II drug ketoprofen.

Keywords: Bovine serum albumin, Ketoprofen, Solid dispersion, Lyophilization.

INTRODUCTION

Biopharmaceutical classification system (BCS) divided the active pharmaceu-
tical ingredient into four classes (I, II, III, IV) based on their solubility in water
and membrane permeability. In recent years class II drugs (having low solu-
bility & high permeability) have appeared oft times as candidate compound
for development in drug discovery stage'. Various techniques including cyclo-
dextrins complexes?, nanoparticle technology3, self emulsifying drug deliv-
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ery systems (SEDDS)4, liposomes?, salt formation®, use of surfactant “micel-
lization™”, amorphisation® and solid dispersion etc., have been attempted to
overcome the poor solubility issues. Nowadays, solid dispersion has become
the synonym for the solubility enhancement of poorly water-soluble drugs.
Solid dispersion of poorly soluble drugs in water soluble carriers to improve
the solubility and dissolution was reported decades ago?®. Since then, the solid
dispersion is explored colossally. Solid dispersion as group of solid products
made up of both hydrophilic matrix and hydrophobic drug. The matrix can be
either amorphous or crystalline*°. For the improvement of bioavailability and
dissolution rate of poorly water-soluble drugs use of various hydrophilic carri-
ers like polyethylene glycol (PEG)*, hydroxypropylmethyl cellulose (HPMC)*2,
polyvinylpyrrolidone (PVP)®, hydroxypropyl cellulose*4, hydroxypropylme-
thyl cellulose phthalate’s, gums®®, sugar'’, mannitol*®, urea??, gelucires°, eu-
dragits®!, chitosan2, sodium starch glycolate?3 and pregelatinized starch etc.
has been investigated vastly=4.

Bovine serum albumin (BSA) also known as “Fraction V” is a serum albu-
min protein derived from cows is the most abundant protein in plasma that is
also extensively used in pharmaceutical industry because of its low cost, ease of
purification, biocompatibility and biodegradability and also due to its chemi-
cal similarity to human albumin?s. BSA plays the role of an “in-vivo solubiliz-
ing agent” that enables the solubilisation of a wide range of biomolecules and
drugs in plasma (a hydrophilic medium)2%27. Albumin has varied physiological
functions like maintaining plasma osmotic pressure and neutralising free radi-
cals®®29, The solubility enhancement properties of albumin are generally due to
its incredible ability to form reversible binding complexes with ligands mainly
by hydrophobic and electrostatic interaction2:3°. This makes the bound mol-
ecule to flow in the blood at a higher concentration than its initial solubility. It
possesses overall negative charge at physiological pH that endorses the binding
of anionic molecules (weak acids) & hydrophobic molecules®7:3°. Moreover, it
also contains a no. of free amino and carboxyl groups amenable to form highly
soluble salts with acidic or basic drugs, respectively. This exceptional capacity
of albumin to dissolve poorly soluble drugs is explored in this piece of research.

The aim of present study is to predominantly investigate the use of BSA as a
carrier for solubility enhancement of ketoprofen. Ketoprofen is a non-steroidal
anti-inflammatory drug belonging to class II that is having aqueous solubility
of 0.5ug/ml. Ketoprofen binds with albumin molecule as its chemical structure
is adaptable to form salt bridges with albumin amino groups. In this study,
solid dispersion is prepared by freeze-drying or lyophilization technique. Keto-
profen-BSA solid dispersions are characterized by Fourier transform infrared
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spectroscopy (FT-IR), X-ray diffraction (XRD), differential scanning calorim-
etry (DSC) and scanning electron microscopy (SEM) studies. In addition, the
solubility and in-vitro release profile of ketoprofen are also evaluated.

METHODOLOGY
Materials

Ketoprofen was obtained as a gift sample from Infinity Laboratories, Behra
(India). Bovine serum albumin (BSA), ethanol, sodium chloride, potassium
chloride, di-sodium hydrogen orthophosphate, potassium di-hydrogen or-
thophosphate was procured from Hi-Media lab. Pvt. Ltd. All other chemicals &
reagents used in the study were of analytical grade and used as received.

Preparation of freeze dried solid dispersion

Ketoprofen (0.1-0.5% w/v in aqueous ethanol) was added to BSA (0.1-2% w/v)
that results in the formation of colloidal solution or colloidal suspension de-
pending on the concentration of ketoprofen. The resulting solution/suspension
was kept at -80°C for 4hrs and lyophilized for 48hrs in a lab scale lyophilizer.

Experimental design

A 2-factor, 3-level central composite experimental design was used to prepare
solid dispersions. Based on preliminary trials, concentration of BSA (X)) & con-
centration of ketoprofen (X ) were selected as independent variables while sol-
ubility (Y) & in-vitro release (Y,) were selected as the dependent variables (Ta-
ble 1). The experimental design and statistical analysis of the data was carried
out as per the design protocol by using Design Expert Software (Version 11).

Determination of drug content

The different solid dispersion (SD) batches and physical mixture (PM) equiva-
lent to 10mg of ketoprofen were dissolved separately in 25 ml of phosphate
buffer (pH 7.4). The solution was filtered and further diluted appropriately.
Samples were filtered through 0.45um milipore filters and analyzed by UV-
visible spectrophotometer at 260nm.

Characterisation
Fourier Transform Infrared Spectroscopy (FT-IR)

Fourier Transform Infrared Spectroscopy was used to detect interaction be-
tween drug and carrier. FTIR spectral analysis of ketoprofen, BSA, PM and
SD were done by FT-IR (FT-IR Spectrophotometer Perkin-Elmer BX II) in the
range of 4000—400 cm *using KBr pellets.
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X-ray diffraction analysis (XRD)

The X-ray diffractometry was carried out for phase identification of the materi-
als. The XRD spectra of ketoprofen, BSA, PM and SD were carried out using an
X-ray diffractometer (Miniflex 2, Rigaku, Japan) at room temperature and at
30KkV. The scanning diffraction angle (20) ranged from 0°to 80°.

Differential scanning calorimetry (DSC)

Differential scanning calorimetric thermogram of ketoprofen, BSA, PM and SD
were recorded using differential scanning calorimeter (SDT Q600 V20.9 Build
20 TA instrument, USA) in the temperature range of (25°C—300°C) at a heat-
ing rate of 10°C/min in nitrogen atmosphere.

Scanning electron microscopy (SEM)

The shape and surface morphology of SD were examined using scanning elec-
tron micro-scope (JSM-6100 scanning microscopy, Japan) The sample were
coated with gold and mounted on aluminium stub containing double adhesive
carbon tape. The photographs were taken at acceleration voltages of 10 kV.

Solubility

The solubility of ketoprofen drug was determined by taking pure drug, PM
and solid dispersion equivalent to 10 mg ketoprofen in 10 ml of distilled water
and was kept for 48hrs on shaker at room temperature (25°C). The obtained
solution was filtered by 0.45um milipore filter paper and the drug content was
determined by taking absorbance using UV-Visible Spectrophotometer at 260
nm. The amount of ketoprofen was calculated using the calibration curve in
water. The Gibbs free energy of transfer (AG) of ketoprofen from pure water to
the aqueous solution of carrier was also calculated as

AG =-2.303RT log S /S,

Where S /S_is the ratio of solubility of ketoprofen in aqueous solution of car-
rier to that of the same medium without carrier.

In vitro drug release

In vitro dissolution studies were performed using the USP type II dissolution
apparatus. Dissolution studies of pure drug (ketoprofen), PM and solid dis-
persions containing ketoprofen equivalent to 10mg were conducted in 300ml
phosphate buffer (pH 7.4) at 37+0.5°C with constant stirring rate of 50 rpm.
The powders were dispersed over the dissolution medium. Aliquots of sample
(5ml) was withdrawn at different time intervals and replaced with an equal
amount of the dissolution medium to maintain a constant volume. Samples

36 | Acta Pharmaceutica Sciencia. Vol. 57 No. 1, 2019



were filtered through 0.45um milipore filters and analyzed by UV-visible spec-
trophotometer at 260nm. The mechanism of drug release from the solid dis-
persion was determined by fitting the release data to several models like zero-
order, first- order, Higuchi and Korsmeyer—Peppas plots.

RESULTS AND DISCUSSION

The BSA-Ketoprofen solid dispersions were prepared using 2-factor, 3-level
central composite experimental design using concentration of BSA (X)) and
ketoprofen (X,) as independent variable. Solubility (Y ) and % release (Y,) were
chosen as dependent or response variables.

Drug content of formulations

Ketoprofen assay data for content uniformity of the drug in different batches
of SD and PM are given in Table 1. From the data it is clearly indicated that the
drug content in the formulated batches of SD and PM was within the range of
the theoretical amount, indicating the method used for formulation was suit-
able and reproducible in nature.

Fourier Transform Infrared Spectroscopy (FT-IR)

Figure 1 exhibits the FTIR spectra of ketoprofen, BSA, SD and PM in the fre-
quency region from 4000 to 450 cm™. The spectra of ketoprofen showed char-
acteristic absorption band at 2979.54 cm™ due to -CH stretching. The peak
appearing at 1653.74 cm™ can be ascribed to -C=0 stretching, while peak
appearing at 1598.70 cm™ is due to -C=C stretching. The absorption band at
1445.03 cm™ and 866.30cm™ can be attributed to -C-C deformation and -CH
deformation for substituted aromatic (out of plane), respectively. The spec-
tra of Bovine serum albumin (BSA) present the characteristic absorption band
of -NH bending vibration appearing at 3407.98 cm™, peak of -C=0 stretching
vibrations of the peptide bond (amide I band) appeared at1651.51cm™ while
peak appearing at 1546.85 cm™ can be ascribed to -NH bending vibration /
-CN stretching vibration (amide II band). The peak at 1239.16 cm™ may be
due to -CN stretching vibration / -NH bending vibration (amide III band). The
spectra of SD revealed the characteristic peak appearing at 2962.52 cm™ that
can be ascribed to -CH stretching, the peak at 1654.55 cm™ may be attributed
to -C=0 stretching while the peak at 1541.32 cm™ is attributed to -C=C stretch-
ing and peaks appearing at 827.97cm™,703.55¢cm™ and 619.18cm™are of finger-
print region. The spectra of PM revealed that the characteristic peak appearing
at 2930.49 cm™ can be ascribed to --CH stretching, the peak at 1656.27 cm™
may be attributed to -C=0 stretching, while the peak at 1534.82 cm™is attrib-
uted to -C=C stretching and peaks at 968.27cm™, 827.92cm™, 717.55¢cm™ and
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618.92cm™ are of fingerprint region. The characteristic peaks of ketoprofen
also seen in the SD and PM that indicate that ketoprofen is present in the solid
dispersion and physical mixture.

W -
| Y‘] Ketoprofen

1 W ®
1000 2000 3000 4000

cm

Figure 1. FT-IR spectra of ketoprofen, bovine serum albumin (BSA), physical mixture (PM)
and solid dispersion (SD).

X-ray diffraction analysis (XRD)

The solid state of ketoprofen in the solid dispersion was examined using XRD
(Figure 2). The XRD spectra of BSA is of typical amorphous material whereas
the ketoprofen showed characteristics sharp peaks at 18.35°C and 23.069°C
20 owing to its crystallinity. The X-Ray diffractogram of PM showed certain
peaks corresponding to crystalline ketoprofen. However, XRD spectra of BSA-
ketoprofen solid dispersion contain no sharp peaks thus unveiling amorphous
characteristics of the final product.

40000 evm—n
BSA

b "

20000 + wﬁ_ SD
Figure 2. XRD spectra
- o Ketoprofen ot oyine serum albumin
(BSA), physical mixture
% T 5 T % (PM), solid dispersion
2thete (SD) and ketoprofen.
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Differential scanning calorimetry (DSC)

Figure 3 displays the DSC thermogram of ketoprofen, solid dispersion (SD),
physical mixture (PM) and bovine serum albumin (BSA). The thermogram of
BSA appeared as broad peak at 94.26°C that is of typical amorphous material.
The thermogram of ketoprofen showed a sharp peak at 93.08°C that corre-
sponds to its melting point. A peak with decreased intensity at around 99.58°C
is also seen in BSA-Ketoprofen physical mixture indicating the crystalline state
of drug in the physical mixture. However, amorphous property of the solid dis-
persion can be inferred from the broad endotherm and disappearance of sharp
peak in thermogram of SD.

Ketoprofen

o 100 mo aoo
Temp.(°C)

Figure 3. DSC thermogram of ketoprofen, solid dispersion (SD), physical mixture (PM) and
bovine serum albumin (BSA)
Scanning electron microscopy (SEM)

Figure 4 exhibits the scanning electron micrograph showing surface morphol-
ogy of solid dispersion. The SEM micrograph of SD shows irregular structure
with porous and rough surface.

Figure 4. SEM photomicrographs

WD = 38.0 mm

ACC = 5.0V of solid dispersion
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Solubility

The different batches of SD were prepared containing BSA (1-2%) and keto-
profen (0.1-0.5%) as per the design protocol (Table 1). The pure ketoprofen
dispensed a solubility of 18.79 pug/ml in water at room temperature whereas
the physical mixture showed solubility of 34 pg/ml. The physical mixture pre-
sented solubility higher than the pure drug because of the BSA. However, the
solid dispersion conferred solubility values ranging from 38-58 pg/ml. This
increase may be due to formation of soluble complex between drug and BSA
whereas the lower solubility in case of physical mixture as compared to SD
may be explained on the basis of results obtained from DSC and XRD studies
revealing that ketoprofen is still present in crystalline state.

Table 1. Solubility, in-vitro release, drug content and Gibb’s free energy of different batches.

| S e SOl Oy

S O A R R
SD1 1 0.5 43+0.8 77.81+0.1 97.78+0.14 | -1.8
SD2 1.5 0.3 51+0.25 89.67+0.1 98.17+0.08 | -2.2
SD3 2 0.3 56+0.28 92.5+0.1 99+0.2 -2.4
SD4 15 0.3 51+0.25 85.44+0.21 | 97.89+0.61 | -2.2
SD5 15 0.3 53+0.3 86.18+0.1 | 97.96+0.3 | -2.3
SD6 1 0.3 40+0.1 76.33+0.23 | 97.39+0.2 | -1.7
SD7 2 0.5 58+0.22 93.2+0.2 99.42+0.16 | -2.5
SD8 15 0.3 5+0.6 88.37+0.17 | 98.05+0.1 | -2.3
SD9 15 0.5 54+0.32 91.11+0.1 98.21+0.1 -2.3
SD10 15 0.1 47+0.71 80.11+0.3 | 97.56+0.25 | -2.0
SD11 1 0.1 38+0.20 72.24+01 | 97+0.28 -1.5
SD12 2 0.1 48+0.16 85.21+0.28 | 97.88+0.22 | -2.1
SD13 15 0.3 50+0.28 86.33+0.16 | 98.01+0.11 | -2.2
PM 2 0.5 34+0.49 42+0.22 98.34+0.18 | -1.3
Ketoprofen 18.79+0.29 | 26+0.17

Table 1 shows the results of solubility of different batches of solid dispersions
prepared as per the design protocol. The responses generated were fitted into
various polynomial models using experimental design. The response solubility
was fitted best into quadratic model with none transformation of the data. The
adjusted polynomial equation obtained for the solubility (Y) shown in equa-
tion (i) with determination correlation (R?) of 0.9740.
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Y, = 51.62+6.83X +3.67X +1.25X X -3.6X *-1.17X * (i)

Table 2 summarizes the results of ANOVA on the response surface model. The
polynomial model was found to be significant (p < 0.05) with non-significant
lack of fit (p > 0. 05). The good correlation between the experimental and pre-
dicted response is indicated by higher value of R? (> 0.9). Adequate precision
that measures the signal to noise ratio was much above the required value of 4,
indicating adequate signal and model fit to navigate the design space. Fig. 5 (a)
display the combined effect of concentration of BSA & Ketoprofen on solubil-
ity. It can be inferred from the plots that there exists a curvilinear relationship
between independent and dependent variables. It is inferred from the plot that
higher level of BSA & ketoprofen results in increase in solubility.

To attain stability a natural tendency to acquire minimum Gibbs energy is al-
ways there. The plot of Gibbs free energy against varying concentration of BSA
and ketoprofen (Fig. 5¢) construed that the process is more favorable at higher
level of BSA and ketoprofen possessing minimum value of AG. Further, all the
values of AG are negative (Table 1) at all levels of carrier demonstrating spon-
taneity of drug solubilization process.

solubilty

Figure 5. (a, b, ¢) Response surface plots showing effect of concentration of BSA &
Ketoprofen on solubility (Y1), in-vitro release (Y2) and Gibb’s free energy.
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In vitro drug release

Table 1 shows the in vitro drug release data at 60 min. From these results, it is
observed that only 26% of ketoprofen was released in 1 hr from drug solution
and 42% from the PM whereas different batches of SD show 72.24 t0 98.2% re-
lease of ketoprofen in 1hr study. The higher percentage release of drug in case
of SD as compared to pure drug and PM may be related to the solubility data.
As previously mentioned that the BSA form the soluble complex with the drug
and thus increasing drug wettability and leads to a better solubility and thus
better rate of drug release.

The polynomial equation obtained for the dependent variable Y, (in vitro re-
lease) is shown in equation (ii)

Y,=87.30+7.42X +4.09X +0.605X X -3.13X *-1.93X ? (ii)

Table 2 summarizing the results of ANOVA on response surface model (fitted
best in quadratic model after none transformation of the data). The responses
generated were fitted into various polynomials models using the experimen-
tal design. It was observed that response in—vitro release (Y,) fitted best into
quadratic response surface model.

Table 2. Model summary statistic

Model Lack of fit
Response factor
P Fvalue | ProbsF | R ‘[\)‘::g CV. (%) | F-value | ProbsF
<
Y, 5236 | oo | 0.9740 | 242411 | 258 | 07745 | 05659
<
Y, 3442 | S| 09609 | 200699 | 199 | 0.8202 | 0.5467

The polynomial model was found to be significant (p < 0.05) with non-signifi-
cant lack of fit (p > 0. 05). The higher value of R? (> 0.9) pertinent good correla-
tion between the experimental and predicted response. Adequate precision that
estimates the signal to noise ratio was much above the required value of 4, indi-
cating adequate signal and model fit to navigate the design space. Figure 5 (b)
display the combined effect of concentration of BSA & ketoprofen on % release
that exhibited a linear relationship between independent and dependent vari-
ables, suggested that higher level of BSA & ketoprofen favours the expedited
release. The numerical optimization tool using desirability approach was em-
ployed to prepare solid dispersion. The optimization of independent variables
was done with constraints of maximum solubility and maximum % release. The
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parameters suggested by the design were concentration of BSA (1.950%) & con-
centration of ketoprofen (0.480%) that provide SD with solubility of 58 pg/ml
(predicted value 58.159 ug/ml) and % release 93.2% (predicted value 94.05%).
The closer agreement between predicted and observed values indicated the high
prognostic ability of the model. Figure 6 displays the in vitro release profile of
ketoprofen as pure drug and from the optimised batch of formulation.
100
90 — optimised batch
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40
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20
o /
0
0 20 40 60 80
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ketoprofen

Figure 6. /n —vitro release profile of pure ketoprofen and solid dispersion (optimized batch).

CONCLUSION

The solid dispersion has been the synonym for the enhancement of solubility of
poorly water-soluble drugs. In this study, Bovine serum albumin (BSA) is used
as solubility enhancer of ketoprofen (a model drug). The solid dispersion con-
taining BSA and ketoprofen was prepared using 2-factor-3-level central com-
posite experimental design. The preparation of SD was characterized by FT-
IR, XRD, DSC and SEM studies. The DSC and XRD studies demonstrated the
amorphous nature of the solid dispersion. Thereby, solid dispersion exhibited
a fast release and enhanced solubility as compared to pure drug and physical
mixture. Thus, overall study rendered the suitability of lyophilized BSA solid
dispersion in improving the solubility of poorly water-soluble drug.
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ABSTRACT

Uridine is a natural nucleoside precursor of uridine monophosphate in organisms and
thus is considered to be safe and is used in a wide range of clinical settings. The far-
reaching effects of pharmacological uridine have long been neglected. Here, we report
a novel series of uridine esters were designed and synthesized by direct method with
microbial efficacy. The structures of the prepared compounds have been character-
ized using various physico-chemical methods including C, H elemental analysis, melt-
ing point determination, IR and '*H-NMR spectroscopy. The synthesized uridine de-
rivatives were subjected to in-vitro antibacterial screening using agar disc diffusion
method on some clinically isolated Gram-positive and Gram-negative bacterial strains.
Also, antifungal functionality test was performed against a number of plant pathogenic
fungi. The compounds showed varied antibacterial and antifungal activities. In addi-
tion, cytotoxic activity showed different rate mortality with different concentrations. In
conclusion, it may useful for antibacterial and antifungal active agents after investigat-
ing their further analysis to develop safer and more potent drugs in the future.

Keywords: Synthesis, uridine, structure, efficacy, pathogens

INTRODUCTION

Uridine (1) is one of the four basic components of robonucleic acid (RNA). Upon
digestion of foods containing RNA, uridine is released from RNA and is ab-
sorbed intact in the gut. Uridine is found in sugarcane, tomatos, broccoli, liver,

*Corresponding author: Sarkar M. A. Kawsar, e-mail: akawsarabe@yahoo.com
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pancreas etc. Uridine has anti depression activity, asthmatic airway inflamma-
tion, hepatocyte proliferation*2. In addition, uridine has been reported to have
other physiological actions in animal studies, such as a vasoconstrictive effect in
rats, which was reversed by adenosine? and hyperpolarized amphibian ganglia
and superior cervical ganglia in rats, possibly related to an inhibitory activity+. In
humans, uridine is administered to reduce the adverse effects of cancer chemo-
therapy including 5-fluorouracil, such as bone marrow and gastrointestinal tox-
icitys. Furthermore, a combination of uridine and benzylacyclouridine (uridine
phosphorylase inhibitor) was shown to reduce neurotoxicity and bone marrow
toxicity related to zidovudine used for treatment of HIV infection®. However, the
physiological activities of uridine in humans remain undetermined.

Nucleotides and nucleosides are key compounds involved in major biological
processes, such as nucleic acids and proteins synthesis, cell signaling, enzyme
regulation, and metabolism. Indeed, many nucleoside analogues are already
clinically used as antiviral”® and antitumoral agents®'°. However, their efficien-
cy is sometimes reduced by the appearance of resistance mechanisms*. The
availability of new nucleoside derivatives'?, therefore, is still of prime impor-
tance.

A number of fruitful and efficient methods for selective acylation were re-
ported by many carbohydrate chemists using many acylating agents and vary-
ing reaction conditions'>'4. However, most of these methods are based on the
blocking and deblocking of the hydroxyl groups which are not directly involved
in the reaction’>°, Various methods for acylation of carbohydrates and nucleo-
sides have so far been developed and employed successfully”*°. Of these, direct
method has been found to be the most encouraging method for acylation of
carbohydrates and nucleosides®.

From literature survey revealed that a large number of biologically active
compounds possess aromatic and heteroaromatic nucleus and acyl substitu-
ents2+22, It is also known that, if an active nucleus is linked to another nucleus,
the resulting molecule may possess greater potential for biological activitys.
The benzene and substituted benzene nuclei play important role as common
denominator of various biological activities*. Results of an ongoing research
work on selective acylation of nucleosides? and also evaluation of antimicrobi-
al activities reveal that in many cases the combination of two or more aromatic
or heteroaromatic nuclei®. It is also found that N, S and X containing substitu-
tion products showed marked antimicrobial activities i.e., enhance the biologi-
cal activity of the parent compound?®?”. Encouraged by literature reports and
our own findings*®, we synthesized some selectively acylated derivatives of
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uridine (1) (Scheme 1- 2 & Table 1) containing various substituents in a single
molecular framework and evaluated their antibacterial and antifungal activi-
ties using a variety of bacterial and fungal pathogens.

(@)

I
OJ\
HO

OH OH

Figure 1. Uridine (Compound 1)

METHODOLOGY
Chemicals

Melting points were determined on an electro-thermal melting point apparatus
(England) and are uncorrected. Evaporations were carried out under reduced
pressure using VV-1 type vacuum rotary evaporator (Germany) with a bath
temperature below 40°C. Thin layer chromatography (t.l.c) was performed on
Kieselgel GF,_, and spots were detected by spraying the plates with 1% H,SO,
and heating at 150-200°C until coloration took place. Column chromatography
was performed with silica gel G, . All reagents used were commercially avail-
able (Aldrich) and were used as received, unless otherwise specified.

Structure and physical properties of uridine derivatives

The structures of newly synthesized compounds were determined through
NMR spectroscopy and mass spectrometry. ‘H-NMR spectra (400 MHz) were
recorded for solutions in deuteriochloroform (CDCI 3) (internal Me 4Si) with a
Bruker DPX-40C spectrometer. Synthesized compounds were also conducted
by liquid chromatography electrospray ionization-tandem mass spectrometry
in positive ionization mode (LC/ESI(+)-MS/MS) by using a system that con-
sisted of a JASSO LC (JASCO, Tokyo, Japan) at the Yokohama City University,
Japan. IR spectra were recorded by KBr disc at the Chemistry Department,
University of Chittagong, Bangladesh, with an IR Affinity Fourier Transform
Infrared Spectrophotometer (SHIMADZU). The physical properties were de-
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termined and characterized by melting point and elemental analysis (C and H).
Synthesis of uridine derivatives
57-0-octanoyluridine (Compound 2)

A solution of the uridine (1) (200 mg, 0.83 mmol) in anhydrous pyridine (3 ml)
was cooled to 0°C when octanoyl chloride (0.3 ml, 1.1 molar eq.) was added.
The reaction mixture was continuously stirred for 6 hours at 0°C temperature
and then the reaction mixture was standing for overnight at room temperature
with continuous stirring. The progress of the reaction was monitored by t.l.c
(methanol-chloroform, 1:24) which indicated full conversion of the starting
material into a single product (Rf = 0.50). The solution was poured into ice
water with constant stirring. It was then extracted with chloroform (3x10 ml).
The combined chloroform layer was washed successively with dilute hydro-
chloric acid, saturated aqueous sodium hydrogen carbonate solution and dis-
tilled water. The organic layer was dried (Na,SO)), filtered and concentrated.
The organic layer was dried (MgSO)), filtered and concentrated. Purification
by chromatography with methanol-chloroform (1:24) as eluant and furnished
the octanoyl chloride derivative (2) (164 mg, 82%) as solid mass, which was
used in the next stage. Physical properties are shown in the Table 2.

Colour: white, solubility: CHCIB, DMF. FTIR (KBr) v__ (cm™) 1728 (C=0),
3358-3520 (br, -OH). 'H-NMR (400 MHz, CDCL): 6, 9.08 (1H, s, -NH), 7.53
(1H, d, J = 7.8 Hz, H-6), 5.98 (1H, d, J=5.6 Hz, H-1"), 5.88 (1H, s, 2"-OH), 5.81
(1H, dd, J = 2.1 and 12.1 Hz, H-5"a), 5.77 (1H, dd, J=2.2 and 12.3 Hz, H-5"Db),
5.67 (1H, d, J = 8.1 Hz, H-5), 5.62 (1H, s, 3" -OH), 4.40 (1H, dd, J = 2.2 and
5.5 Hz, H-4"), 4.22 (1H, d, J = 5.6 Hz, H-2"), 4.17 (1H, dd, J = 7.4 and 5.4 Hz,
H-3"), 2.34 {2H, m, CH,(CH,) CH_CO-}, 1.61 {2H, m, CHS(CH2)4CH2CHZCO—},
1.26 {8H, m, CH3(CH2)4(CH2)2CO-}, 0..87 {3H, m, CHS(CH2)6CO-}. Mass spec-
tra (MS) (positive ion LC-ESI, 8eV): m/z [M+H]* 371.18 (100). Anal calcd for
C H O7N2 (370.18): C, 55.15; H, 7.02. Found: C, 55.18; H, 7.04.

177726

General procedure for synthesis of 5”-0-octanoyl derivatives

A cooled (0°C) and stirred solution of compound (2) (120.8 mg, 0.33 mmol) in
dry pyridine (3 ml) was treated with 5 molar equivalents of pentanoyl chloride
(0.14 ml, 5.1 mmol) and the solution was left standing overnight in the room
temperature. The progress of the reaction was monitored by t.l.c (methanol-
chloroform, 1:18) which indicated the complete conversion of the starting ma-
terial into faster moving product (R = 0.54). Aqueous work-up procedure as
described earlier and silica gel column chromatographic purification (metha-
nol-chloroform, 1:18 as eluant), gave the pentanoylate (3) (110 mg, 91%) as a
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pasty mass.

Using the similar reaction procedure, compound 3 was converted to compound
4,5,6,7,8,9,10, 11, 12 and compound 13.

5°-0-Octanoyl-2”,3"-di-O-pentanoyluridine (Compound 3)

Colour: off white, solubility: CHClS, DMF. FTIR (KBr) v (cm?) 1757 (C=0).
'H-NMR (400 MHz, CDCIS): 6,,9.01 (1H, s,-NH), 7.41 (1H, d, J = 7.8 Hz, H-6),
6.08 (1H, d, J = 5.6 Hz, H-1"), 5.75 (1H, dd, J = 2.2 and 12.2 Hz, H-5"a), 5.61
(1H,dd,J = 2.1and 12.2 Hz, H-5"b), 5.08 (1H, d, J = 7.8 Hz, H-5), 4.52 (1H, d,
J =5.2Hz, H-2"), 4.33 (1H, dd, J = 7.7 and 5.6 Hz H-3"), 4.27 (1H, m, H-4"),
2.35 {4H, m, 2><CH3(CH2)2CH200-}, 2.31 {2H, m, CHs(CHz)SCHQCO-}, 1.61
(4H, m, 2xCH,CH,CH,CH,CO-), 1.57 {2H, m, CH,(CH,) CH,CH,CO-}, 1.38
{4H, m, 2xCH,CH (CH,),CO-}, 1.26 {8H, m, CH,(CH,) (CH,),CO-}, 0.88 {6H,
m, 2><CH3(CH2)3CO-}, 0..87{3H, m, CH3(CH2) .CO-}. Mass spectra (MS) (posi-
tive ion LC-ESI, 8eV): m/z [M+H]* 539.60 (100). Anal calcd for C,H,ON,
(538.60): C, 60.17; H, 7.80. Found: C, 60.22; H, 7.84.

27,3”-Di-0O-hexanoyl-5"-0-octanoyluridine (Compound 4)

Colour: white, solubility: CHCl,, DMF, DMSO. FTIR (KBr) v, (cm) 1742
(C=0).'H-NMR (400 MHz, CDClS): 8,9.98 (1H,s,-NH), 7.53 (1H,d, J = 7.6 Hz,
H-6), 6.02 (1H, d, J = 5.7 Hz, H-1"), 5.89 (1H, dd, J = 2.2 and 12.2 Hz, H-5"a),
5.74 (1H, dd, J = 2.1 and 12.0 Hz, H-5°b), 5.45 ( 1H, d, J = 7.8 Hz, H-5), 4.95
(1H,d,J =5.2Hz, H-2"), 4.39 (1H, dd, J = 7.8 and 5.6 Hz H-3"), 4.18 (1H, m,
H-4"), 2.40 {2H, m, CH,(CH,) CH,CO-}, 2.35 {4H, m, 2xCH,(CH,) CH,CO-},
1.62 {4H, m, 2xCH,(CH ) ,CH,CH _CO-}, 1.60 {2H, m, CH (CH,),CH CH CO-},
1.27 {8H, m, 2xCH,(CH),CH,CH,CO-}, 1.25 {8H, m, CH,(CH) (CH,),CO-},
0.85 {6H, m, 2xCH,(CH,),CO-}, 0..84 {3H, m, CH,(CH,),CO-}.

Mass spectra (MS) (positive ion LC-ESI, 8eV): m/z [M+H]* 567.5 (100). Anal
caled for C_ H O,N, (566.50): C, 61.43; H, 8.12. Found: C, 61.46; H, 8.15.

29" 746

27,3”-Di-O-decanoyl-5"-0O-octanoyluridine (Compound 5)

Colour: dark white, solubility: CHC13, DMF, DMSO. FTIR (KBr) v__ (cm™)
1738 (C=0). '"H-NMR (400 MHz, CDClS): 8, 9.05 (1H, s, -NH), 7.54 (1H, d, J
= 7.8 Hz, H-6), 5.87 (1H, d, J = 5.6 Hz, H-1"), 5.79 (1H, dd, J = 2.0 and 12.0
Hz, H-5"a), 5.41 (1H, dd, J = 2.0 and 12.0 Hz, H-5b), 5.41 (1H, d, J = 8.2 Hz,
H-5), 5.02 (1H, m, H-2"), 4.38 (1H, m, H-3"), 4.28 (1H, m, H-4"), 2.36 {4H,
m, 2x CH,(CH,) CH,CO-}, 2.33 {2H, m, CH,(CH,).CH,CO-}, 1.60 {4H, m,
2><CH3(CH2)6CH2CH2CO—}, 1.57 {2H, m, CHS(CH2)4CH2CH2CO—}, 1.26 {24H,
m, 2xCH,(CH,),CH,CH,CO-}, 1.24 {8H, m, CH,(CH,),(CH,),CO-}, 0.85 {6H,
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m, 2><CH3(CH2)8CO—}, 0.83 {3H, m, CHS(CH2)6CO—}. Mass spectra (MS) (posi-
tive ion LC-ESI, 8eV): m/z [M+H]* 680.29 (100). Anal caled for C, H,ON,
(679.29): C, 65.36; H, 9.13. Found: C, 65.40; H, 9.14.

27,37-Di-O-lauroyl-5"-0-octanoyluridine (Compound 6)

Colour: deep white, solubility: CHCls, DMF, DMSO. FTIR (KBr) v (cm™)
1758 (-CO). *H-NMR (400 MHz, CDCls): 8,8.96 (1H, s, -NH), 7.42 (1H, d, J
= 7.7 Hz, H-6), 6.00 (1H, m, H-1"), 5.76 (1H, m, H-5"a), 5.57 (1H, m, H-5"b),
5.48 (1H, d, J = 8.1 Hz, H-5), 5.29 (1H, d, J = 5.6 Hz, H-2"), 5.22 (1H, m,
H-37), 4.32 (1H, m, H-4"), 2.37 {4H, m, 2><CH3(CH2)9CH2CO—}, 2.31 {2H, m,
CH,(CH,),CH,CO-}, 1.59 {4H, m, 2xCH (CH,),CH,CH,CO-}, 1.56 {2H, m,
CHS(CH2)4CH2CH200—}, 1.24 {8H, m, CHS(CH2)4(CH2)2CO—}, 1.21 {32H, m,
2xCH,(CH,),CH,CH,CO-}, 0.88 {6H, m, 2xCH,(CH,) CO-}, 0..86 {3H, m,
CHS(CH2)6CO—}. Mass spectra (MS) (positive ion LC-ESI, 8eV): m/z [M+H]*
735.42 (100). Anal caled for C,H ON, (734.42): C, 67.04; H, 9.53. Found: C,
67.07; H, 9.56.

27,3”-Di-O-myristoyl-5"-0-octanoyluridine (Compound 7)

Colour: deep white, solubility: CHCI » DMF, DMSO. FTIR (KBr) v, (cm™) 1736
(-CO).*H-NMR (400 MHz, CDC]S): 8, 9.01(1H,s,-NH), 7.50 (1H, d, J = 7.6 Hz,
H-6), 6.08 (1H, d, J = 5.7 Hz, H-1"), 5.75 (1H, m, H-5"a), 5.73 (1H, m, H-5"b),
5.61(1H,d,J =7.7Hz,H-5),5.08 (1H,d,J =5.3Hz, H-2"), 4.78 (1H, m, H-3"),
4.37 (1H, dd, J = 2.1 and 5.5 Hz, H-4"), 2.35 {4H, m, 2><CH3(CH2)HCH2CO—},
2.33 {2H, m, CHS(CHQ)SCHQCO—}, 1.62 {2H, m, CHS(CH2)4CH2CH2CO—}, 1.26
{44H, m, 2xCH,(CH),,CH,CO-}, 1.25 {8H, m, CH,(CH,),(CH,),CO-},0.88
{6H, m, 2><CH3(CH2)12CO—},0.86 {3H, m, CHB(CH2)6CO—}. Mass spectra (MS)
(positive ion LC-ESI, 8eV): m/z[M+H]*791.46 (100). Anal calcd for C45H7809N2
(790.46): C, 68.37; H, 9.87. Found: C, 68.41; H, 9.89.

57-0-Octanoyl-2",3”-di-O-palmitoyluridine (Compound 8)

Colour: light white, solubility: CHC]S, DMF, DMSO. FTIR (KBr) v, (cm™)
1722 (-CO) ecm™. '‘H-NMR (400 MHz, CDCIB): 8, 8.98 (1H, s, -NH), 7.58 (1H,
m, H-6), 5.70 (1H, m, H-1"), 5.61 (2H, m, H-5"a and H-5"b), 5.46 (1H, d, J =
8.1 Hz, H-5), 5.02 (1H, d, J = 5.5 Hz, H-2"), 4.87 (1H, m, H-3"), 4.36 (1H, m,
H-4"),2.36 {4H, m, 2><CH3(CH2)13CH2CO—}, 2.33 {2H, m, CH 3(CHQ)SCH2CO—},
1.60 {2H, m, CH (CH),CH,CHCO-}, 1.25 {8H, m, CH (CH,) (CH,),CO-},
1.24 {52H, m, 2><CH3(CH2)13CH2CO—}, 0.88 {6H, m, 2><CH3(CH2)14CO—}, 0.86
{3H, m, CH 3(CH2)6CO—}. Mass spectra (MS) (positive ion LC-ESI, 8eV): m/z
[M+H]* 847.5 (100). Anal calcd for C,,Hg,O.N, (846.50): C, 69.52; H, 10.16.
Found: C, 69.55; H, 10.19.
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57-0-Octanoyl-2”,3 " -di-O-pivaloyluridine (Compound 9)

Colour: white, solubility: CHCI] ,» DMF,DMSO. FTIR(KBr)v,_  (cm™)1740(-CO).
'H-NMR (400 MHz, CDCIS): 8,,9.06 (1H,s,-NH), 7.65 (1H, d, J = 7.6 Hz, H-6),
6.08 (1H, d, J = 5.6 Hz, H-1"), 5.78 (1H, m, H-5"a), 5.61 (1H, m, H-5"b), 5.29
(1H, d, J = 8.4 Hz, H-5), 5.01 (1H, m, H-2"), 4.60 (1H, m, H-3"), 4.38 (1H,, m,
H-47), 2.35{2H, m, CHS(CHQ)SCHZCO—}, 1.64 {2H, m, CHS(CH2)4CH2CH2CO—},
1.21 {18H, s, 2><(CH3)SCCO—}, 1.21 {8H, m, CHB(CH2)4(CH2)2CO—}, 0..88 {3H,
m, CH 3(CH2) ,CO-}. Mass spectra (MS) (positive ion LC-ESI, 8eV): m/z [M+H]*
539.5 (100). Anal calcd for C,H,ON, (538.50): C, 60.17; H, 7.80. Found: C,
60.19; H, 7.84.

2, 37-Di-O-methanesulfonyl-5”-0-octanoyluridine (Compound 10)

Colour: white, solubility: CHCIB, DMF, DMSO. FTIR (KBr) v__ (cm™) 1765
(-CO) and 1365 (-SO,). 'H-NMR (400 MHz, CDC13): 8, 8.91 (1H, s, -NH), 7.71
(1H, d, J = 7.8 Hz, H-6), 6.01 (1H, d, J = 5.6 Hz, H-1"), 5.88 (1H, m, H-5"a),
5.69 (1H, m, H-5°b), 5.22 (1H, d, J = 8.2 Hz, H-5), 5.15 (1H, m, H-2"), 4.96
(1H, m, H-3"), 4.41 (1H,, m, H-4"), 3.10, 3.05 {2x3H, 2xs, 2><CH3$O2-}, 2.36
{2H, m, CH (CH,),CH,CO-},1.61{2H, m, CH (CH,),CH CH CO-},1.26 {8H, m,
CHS(CH2)4(CH2)2CO—}, 0..86 {3H, m, CHs(CHQ) <CO-}. Mass spectra (MS) (pos-
itive ion LC-ESI, 8eV): m/z [M+H]* 527.32 (100). Anal calcd for ClgHsoouNzS2
(526.32): C, 43.36; H, 5.70. Found: C, 43.39; H, 5.73.

27,37-Di-O-benzenesulfonyl-5"-0-octanoyluridine (Compound 11)

Colour: light white, solubility: CHC13, DMF, DMSO. FTIR (KBr) v__ (cm
1) 1741 (-CO) and 1362 (-SO,). 'H-NMR (400 MHz, CDC]S): 8, 9.09 (1H, s,
-NH), 7.90 (4H, m, Ar-H), 7.56 (2H, m, Ar-H), 7.41 (4H, m, Ar-H), 6.03 (1H,
d, J = 7.7 Hz, H-6), 5.76 (1H, d, J = 5.5 Hz, H-1"), 5.30 (1H, m, H-5"a), 5.09
(1H, m, H-5"b), 4.94 (1H, d, J = 8.2 Hz, H-5), 4.76 (1H, m, H-2"), 4.56 (1H,
m, H-37), 4.35 (1H, m, H-4"), 2.33 {2H, m, CH,(CH,),CH,CO-}, 1.62 {2H, m,
CH,(CH,),CH,CH,CO-}, 1.26 {8H, m, CH,(CH,) (CH,),CO-}, 0..87 {3H, m,
CHS(CHQ)GCO—}. Mass spectra (MS) (positive ion LC-ESI, 8eV): m/z [M+H]*
651.42 (100). Anal calcd for C,,H,,0,N,S, (650.42): C, 53.55; H, 5.23. Found:
C, 53.56; H, 5.27.

27,3”-Di-O-(2-bromobenzoyl)-5"-0-octanoyluridine (Compound 12)

Colour: white, solubility: CHCIS, DMF, DMSO. FTIR (KBr) v (cm™) 1780
(-CO). '"H-NMR (400 MHz, CDC13): 8, 9.01 (1H, s, -NH), 7.81 (2H, m, Ar-H),
7.64 (4H, m, Ar-H), 7.36 (2H, m, Ar-H), 7.28 (1H, d, J = 7.6 Hz, H-6), 6.19
(1H, d, J = 5.6 Hz, H-1"), 6.03 (1H, m, H-5"a), 5.77 (1H, dd, J = 2.0 and 12.0
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Hz, H-5°b), 5.55 (1H, d, J = 8.2 Hz, H-5), 5.49 (1H, m, H-2"), 4.62 (1H, m,
H-37), 4.36 (1H, m, H-4"), 2.34 {2H, m, CHS(CHQ)SCHQCO—}, 1.62 {2H, m,
CHS(CH2)4CH2CH2CO—}-, 1.24 {8H, m, CHs(CH2)4(CH2)2CO—}, 0..84 {3H, m,
CH, 3(CHQ)(,)CO—}. Mass spectra (MS) (positive ion LC-ESI, 8eV): m/z [M+H]*
737.41 (100). Anal calcd for C,H,ON Br, (736.41): C, 50.56; H, 4.35. Found:
C, 50.59; H, 4.39.

2, 37-Di-0-(4-chlorobenzoyl)-5"-0O-octanoyluridine (Compound 13)

Colour: off white, solubility: CHClB, DMF, DMSO. FTIR (KBr) v__ (cm™) 1760
(C=0). *H-NMR (400 MHz, CDClS) 6,: 9.0 (1H, s, -NH), 7.95 (4H, m, Ar-H),
7.75 (1H, d, J = 7.7 Hz, H-6), 7.50 (4H, m, Ar-H), 6.03 (1H, d, J = 5.5 Hz,
H-17), 5.79 (1H, m, H-5"a), 5.77 (1H, dd, J = 2.1 and 12.2 Hz, H-5"b), 5.59
(1H, m, H-5), 5.23 (1H, m, H-2"), 4.55 (1H, m, H-3"), 4.35 (1H, m, H-4"), 2.33
{2H, m, CH,(CH,) CH,CO-}, 1.62 {2H, m, CH,(CH,),CH,CH,CO-}, 1.27 {8H,
m, CHS(CH2)4(CH2)2CO—}, 0..84 {3H, m, CH3(CH2)6CO—}. Mass spectra (MS)
(positive ion LC-ESI, 8eV): m/z [M+H]*648.6 (100). Anal calcd for C31H3209N—
,CL (647.60): C, 57.52; H, 4.94. Found: C, 57.55; H, 4.98.

Microbial screening studies

Test tube cultures of bacterial pathogens were obtained from the Microbiology
Laboratory, Department of Microbiology, University of Chittagong. The syn-
thesized test compounds (Table 2 & 3) were subjected to antibacterial screen-
ing against three Gram-positive and three Gram-negative bacterial strains
(Table 1).

Preparation of bacterial suspension

About 10 ml of distilled water was taken in a clean screw cap test tube. A num-
ber of test tubes with water were sterilized in an autoclave. From 48 hours; old
bacterial culture, one loop of bacterial culture was transferred to the sterilized
distilled water and mixed it properly. These bacterial suspensions of the test
tube were used to the pour plate during sensitivity test.
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Table 1. List of used bacteria and fungus.

Types of organisms Tested organisms & strain no.
Bacteria
Bacillus subtilis BTCC 17
Gram +Ve
Bacillus cereus BTCC 19
Escherichia coli ATCC 25922
Gram -Ve Pseudomonas aeruginosa 1CDDR,B
Salmonella typhi AE 14612
Fungus
Aspergillus niger ATCC 16404
Rhizopous nigricans ATCC 6227b

Antibacterial efficacy test

The in vitro antibacterial activities of the synthesized chemicals were detected
by disc diffusion method3>3, Paper discs of 4 mm in diameter and glass petri
plate of 90 mm in diameter were used throughout the experiment. Paper discs
were sterilized in an autoclave and dried at 100°C in an oven. Then the discs were
soaked with test chemicals at the rate of 5oug (dry weight) per disc for antibacte-
rial analysis. For pour plate technique, one drop of bacterial suspension was taken
in a sterile petri dish and approximately 20 ml of melted sterile nutrient agar (NA)
(~45°C) was poured into the plate, and then mixed thoroughly with the direction
of clockwise and anticlockwise. After solidification of the seeded NA medium, pa-
per disc after soaking with test chemicals (2% in CHC,) were placed at the centre
of the inoculated petri dish. A control plate was also maintained in each case with
chloroform. Firstly, the plates were kept for 4 hrs. at low temperature (4°C) and
the test chemicals diffused from disc to the surrounding medium by this time. The
plates were then incubated at (35+ 2)°C for growth of test organisms and were
observed at 24 hrs. intervals for two days. The activity was expressed in terms of
inhibition zone diameter in mm. Each experiment was repeated thrice. The stand-
ard antibiotic Ampicillin from FISONS Ltd. (Bangladesh) was used as a positive
control and compared with tested chemicals under identical conditions.

Antifungal efficacy test

The in vitro antifungal functionality tests of the synthesized chemicals were
tested by mycelial growth test32. Required amount of medium was taken in
a conical flask separately and was sterilized in autoclave. After autoclaving,
weighted amount of test chemicals (2%) was added to the sterilized medium in
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conical flask at the point of pouring to obtain the desired concentration. The
flask was shaken thoroughly to mix the chemical with the medium homogene-
ously before pouring. The medium with definite concentration (2%) of chemi-
cal was poured at the rate of 10 pl in sterilized glass Petri dishes individually.
Proper control was maintained separately with sterilized PDA (potato dextrose
agar) medium without chemicals and three replications were prepared for
each treatment. After solidification of medium, the fungal inoculums (5 mm
approximately) were placed at the centre of each Petri dish in an inverted posi-
tion. All the plates were inoculated at room temperature on the laboratory desk
for five days. The linear growth of fungal colony was measured in two direc-
tions at right angle to each other after five days of incubation and average of
three replicates was taken as the diameter of a colony in mm. The percentage
inhibition of mycelial growth of test fungi was calculated as follow:

. {ﬂ} % 100
C

Where, I = percentage of inhibition, C = diameter of the fungal colony in con-
trol, T = diameter of the fungal colony in treatment. The antifungal results
were compared with that of the standard antibiotic, Nystatin (100 ug dw./disc,
BEXIMCO Pharm. Bangladesh Ltd.).

Table 2. Molecular formula of the test compounds.

Compounds Name of the tested compounds Molecular formula
2 5°-0-Octanoyluridine C,;H,0,N,
3 5’-0-Octanoyl-2",3 -di- 0-pentanoyluridine C,;H,,0.N,
4 2',3"-Di-0-hexanoyl-5 - 0-octanoyluridine CyoH, 0N,
5 2°,3"-Di-0-decanoyl-5"- 0-octanoyluridine C,;H:,00N,
6 2',3"-Di-0-lauroyl-5"-0-octanoyluridine C,;H,,0,N,
7 2°,3"-Di-0-myristoyl-5"- 0-octanoyluridine C,5H;50,N,
8 5"-0-Octanoyl-2",3"-di-0-palmitoyluridine C,oHgs0,N,
9 5"-0-Octanoyl-2",3"-di- O-pivaloyluridine C,,H,0.N,

56 | Acta Pharmaceutica Sciencia. Vol. 57 No. 1, 2019



10 2°,3’-Di-0-methanesulphonyl-5"-0-octanoyluridine C..H,.0,N.S

1977301177272

1 2°,3"-Di-0-benzenesulphonyl-5"-0-octanoyluridine CyoH;,0,4N,S,
12 2,3"-Di-0-(2-bromabenzoyl)-5"- 0-octanoyluridine C,,H,,0,N,Br,
13 2',3"-Di-0-(4-chlorobenzoyl)-5 - 0-octanoyluridine C,,H,,0,N.Cl,

RESULTS AND DISCUSSION
Synthesis and characterization

In the present investigation, we carried out selective octanoylation of of uri-
dine (1) with octanoyl chloride using the direct acylation method (Scheme 1-2
& Table 3 & 4). A series of derivatives of the resulting acylation products were
prepared in order to gather supportive evidences for structure elucidation and
also to obtain newer derivatives of synthetic and biological importance.

Our initial effort was to carry out selective acylation of uridine (1) with uni-
molecular amount of non-traditional acylating agent octanoyl chloride in dry
pyridine at -5°C. Conventional work-up procedure, followed by removal of
solvent and silica gel column chromatographic purification, we obtained the
octanoyl derivative (2). This compound (2) was sufficiently pure for use in the
next reactions. The IR spectrum of this compound showed the following char-
acteristic peaks: 1728 (-CO) and 3358-3520 cm-! (br —OH stretching). In its
'H-NMR spectrum, two two-proton multiplets at § 2.34 {CH 3(CH2)5CH2CO-}
and 1.61 {CHS(CH2)4CH2CH2CO—}, an eight-proton multiplet at § 1.26
{CHS(CH2)4(CH2)2CO—} and a three-proton multiplet at § 0.87 {CHB(CH,Z) ,CO-}
were due to the one octanoyl group, thereby suggesting the introduction of one
octanoyl group in the molecule. The downfield shift of C-5/ proton to § 5.81
(asdd, J = 2.1 and 12.1 Hz, 5/a) and 5.77 (as dd, J = 2.2 and 12.3 Hz, 5/b) from
their usual values?? in the precursor compound (1) and the resonances of other
protons in their anticipated positions, showed the presence of the octanoyl
group at position 5/. The formation of 5/-O-octanoyluridine (2) might be due
to higher reactivity of the sterically less hindered primary hydroxyl group of
the ribose moiety of uridine (1). By complete analysis of the FTIR, ‘H-NMR
and elemental data, the structure of this compound was assigned as 5/-O- oc-
tanoyluridine (2).
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Scheme 1. Synthesis of 5”-0-octanoyluridine (Compound 2).
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5/-O-acylated uridine
Y @ Acylated uridine derivatives (3-13)

Scheme 2. Synthesis of 2/,3/-di-O-acylated 5"-0-octanoyluridine esters (Compounds 3-13).

Table 3. Synthesized of uridine derivatives (Compounds 2-13)

Compounds R=R, Compounds R;=R,
2 H 8 CH,(CH,),,CO-
3 CH,(CH,),CO- 9 (CH,),CCO-
4 CH,(CH,),CO- 10 CH,SO,-
5 CH,(CH,),CO- T C,H,SO,-
6 CH,(CH,),,CO- 12 2-Br.C,H,CO-
7 CH,(CH,),,CO- 13 4-C1.C,H,CO-
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The diol (2) was then allowed to react with pentanoyl chloride in dry C.HN
at freezing temperature. Usual work-up procedure provided the 2/,3/-di-
O-pentanoyl derivative (3). The FTIR spectrum of compound 3 showed
absorption band at 1758 cm™ for carbonyl stretching. In the 'H-NMR
spectrum of compound 3, the resonance peaks three four-proton mul-
tiplets at & 2.35 {2><CH3(CH2)2CH2CO—}, 5 1.61 {2><CHSCH2CHZCH2CO—}
and & 1.38 {2><CH3CH2(CH2)2CO—} and one six-proton multiplet at 6 0.88
{2xCH,(CH,),CO-} correspond to the presence of two pentanoyl groups in the
molecule. The deshielding of H-2/, and H-3/ protons to § 4.52 (as d, J= 5.2 Hz)
and & 4.33 (as dd, J= 7.7 and 5.6 Hz) from their usual values (~ 4.00 ppm),
showed the attachment of the two pentanoyl groups at positions 2/ and 3/. The
mass spectra of the compound 3 showed a molecular ion peak at m/z [M+H]*
539.60 which is corresponding to a molecular formula C,H,,O N, . Complete
analysis of the FTIR, '"H-NMR, mass spectra and elemental data, the structure
of this compound was assigned as 5/-O-octanoyl-2/,3/-di-O-pentanoyluridine

3).

Further support for the structure accorded to the octanoyl derivative (2) was
obtained by preparation and identification of the dihexanoate (4). The FTIR
spectrum of this compound 4 showed absorption band at 1730 cm™ (C=0),
thereby suggesting the presence of carbonyl group. In its 'H-NMR spec-
trum provided two four-proton multiplets at § 2.35 {2><CH3(CH2)3CH2CO—},
and & 1.62 {2><CH3(CH2)2CH2CH2CO—}, an eight-proton multiplet at &
1.27 {2><CH3(CH2)2CH2CH2CO—} and one six-proton multiplet at § 0.85
{2 ><CH3(CH2)4CO—} indicating the presence of two hexanoyl groups in the com-
pound. The resonance for H-2/, and H-3/ protons appeared at 6 4.95 (as d, J=
5.2 Hz) and 6 4.39 (as dd, J= 7.8 and 5.6 Hz) which shifted downfield from their
precursor compound (2) suggesting the attachment of the hexanoyl groups at
positions 2/ and 3/. Mass spectra of the compound 4 showed a molecular ion
peak at m/z [M+H]* 567.50 which is corresponding to a molecular formula
C,H,ON,. The rest of the FTIR, 'H-NMR, mass spectra and elemental data
was in complete agreement with the structure accorded to the hexanoyl deriva-
tive as, 2/,3/-di-O-hexanoyl-5/-O-octanoyluridine (4).
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Table 4. Physicochemical properties of the synthesized of uridine derivatives (2-13).

Compounds RT (h) R,value (%) Yield State
2 6.0 0.50 82 semi solid
3 55 0.51 91 pasty mass
4 6.0 0.52 88 thick syrup
5 6.0 0.50 92 pasty mass
6 6.0 0.51 9 needles, m.p. 49-50°C
7 6.5 0.52 86 needles, m.p. 64-66°C
8 6.0 0.55 76 needles, m.p. 65-67°C
9 5.5 0.51 89 semi solid
10 6.0 0.51 72 syrupy
11 6.5 0.50 76 thick syrupy
12 6.0 0.52 93 pasty mass
13 55 0.50 89 thick syrupy

In addition, confirmation of the structure accorded to compound (2) was
achieved by its conversion to and identification by 'H-NMR of its di-O-
decanoyl derivative (5). The '‘H-NMR spectrum of compound 5 provided
the following characteristic peaks: two four-proton multiplets at 6 2.36
{2><CH3(CH2)7CH2CO-} and 1.60 {2><CH3(CH2)6CH2CH2CO—}, a twenty four-
proton multiplet at § 1.26 {2><CH3(CH2)6(CH2)2CO—} and a six-proton multi-
plet at § 0.85 {2><CH3(CH2)8CO—} indicating the introduction of two decanoyl
groups to the molecule. In the showed a molecular ion peak at m/z [M+H]*
680.29 which is corresponding to a molecular formula C,_ H, O N,. On the
basis of complete analysis of the FTIR, ‘H-NMR, mass spectra and elemental
data, the structure of this compound was accorded as 2/, 3/-di-O-decanoyl-5/-
O-octanoyluridine (5).

Next effort was to carry out lauroylation of the octanoate (2) and provided
the lauroyl derivative (6). The FTIR spectrum of the compound (6) displayed
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absorption band at 1758 cm™ due to carbonyl stretching. It’s 'H-NMR spec-
trum exhibited two four-proton multiplets at 2.37 {2><CH3(CH2)9CH2CO—}
and & 1.59 {2><CH3(CH2)8CH20H2CO—} a thirty two-proton multiplet at
5 1.21 {2><CH3(CH2)8(CH2)2CO—} and a six-proton multiplet at § 0.88
{2xCH,(CH,) CO-}, therefore, suggesting the presence of two lauroyl groups
in the compound (6). Complete analysis of the FTIR, *H-NMR and elemental
data was in complete agreement with the structure established as 2/,3/-di-O-
lauroyl-5/-O-octanoyluridine (6). Myristoylation of compound (2) provided
the FTIR spectrum, absorption band at 1736 cm™ corresponded to carbonyl
group. The presence of four-proton multiplet at § 2.35 {2xCH,(CH,) ,CH,CO-},
a forty-four-proton multiplet at § 1.26 {2xCH (CH,) ,CH,CO-} and a six-pro-
ton multiplet at 6 0.88 {2><CH3(CH2)1200—}, in its "H-NMR spectrum were due
to two myristoyl groups in the molecule. Complete analysis of this compound
was in complete agreement with the structure accorded to it as the structure of
the myristoate was assigned as 2/,3/-di-O-myristoyl-5/-O-octanoyluridine (7).

The palmitoyl (8) was ascertained by observing the following resonance peaks:
62.36 {4H, m, 2><CH3(CH2)1SCH2CO—}, 61.24 {52H, m, 2><CH3(CH2)1SCH2CO-}
and § 0.88 {6H, m, 2><CH3(CH2)14CO—}. The introduction of the palmitoyl
groups at position 2/ and 3/ were indicated by appearance of H-2/ and H-3/
resonance peaks at § 5.02 and 6 4.87, deshielded considerably from its precur-
sor diol (2). The rest of the FTIR, 'H-NMR and elemental analysis was com-
patible with structure assigned as 5/-O-octanoyl-2/,3/-di-O-palmitoyluridine
(8). The structure of the octanoyl derivative (2) was further supported by its
conversion to the pivaloyl derivative (9). The FTIR spectrum showed carbonyl
stretching band at 1740 cm™. In its *H-NMR spectrum, a characteristic eight-
een-proton singlet at § 1.21 {2x(CH,),CCO-} was due to the methyl protons
of two pivaloyl groups. By analyzing the FTIR, ‘H-NMR and elemental data
completely, the structure of the dipivaloate was established as 5/-O-octanoyl-
2/,3/-di-O-pivaloyluridine (9). Next, we methanesulfonoate (10) was obtained
in 83% yield and the FTIR spectrum provided the absorption bands at 1765
cm™ due to C=0 stretching and 1365 cm™ for —SO, stretching. The 'H-NMR
spectrum, of this compound showed the following characteristic peaks: two
three-proton singlets at § 3.10 and 6 3.05 (2xCH_SO,-) ascertaining the pres-
ence of two methanesulfonyl groups in the molecule. Complete analysis of the
FTIR, '"H-NMR and elemental data led us to establish its structure as 2/,3/-di-
O-methanesulfonyl-5/-O-octanoyluridine (10).

The 2/,3/-di-O-benzenesulfonyl derivative (11) was also prepared and in its *H-
NMR spectrum, the characteristic peaks at § 7.90 (4H, m), 6 7.56 (2H, m) and
6 7.41 (4H, m) corresponded the aromatic protons of two phenyl groups in
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the compound. The downfield shift of H-2/ proton to § 4.76 and H-3/ proton
to 8 4.56 from their precursor diol (2) values, ascertained the attachment of
benzenesulfonyl groups at 2/ and 3/ positions. The rest of the FTIR, ‘H-NMR
and elemental analysis was in complete agreement with the structure accorded
to the benzenesulfonyl derivative as, 2/,3/-di-O-benzenesulfonyl-5/-O-octanoy-
luridine (11). Further, the confirmation of the structure of the 5/-O-octanoyl
derivative (2) was achieved by its transformation into and identification of
the di-O-(2-bromobenzoyl) (12) and di-O-(4-chlorobenzoyl) (13) derivatives.

Thus, selective octanoylation of uridine (1) was successfully carried out using
the direct acylation method. A single, monosubstitution product was isolated
pure in each case in reasonably high yields. The octanoyl derivative was further
transformed into its different acyl derivatives. These transformations were
conducted in order to gather supportive evidences for elucidating structures
of the parent acylation products and also to obtain new products of synthetic
and biological importance. All these newly synthesized products (Table 3) may
be employed as important precursors for the modification of the uridine (1)
molecule at different positions.

Screening of microbial efficacy

From the experimental results obtained by using a number of selected human
pathogenic bacteria (as shown in Figure 2, 3 & 5) were found that selectively
acylated uridine derivatives 10, 11 and 13 showed good inhibition against
Gram-positive bacteria while compounds 10 and 13 were also very active
against Gram-negative bacteria. We also observed that some compounds such
as 10 and 13 are highly active against both the Gram-positive and Gram-neg-
ative organisms. So, these compounds may be targeted for future studies for
their usage as broad spectrum antibiotics. In general, it has been observed that
antibacterial results of the selectively acylated uridine derivatives obtained by
using various acylating agents follow the order for Gram-positive organisms:
10 > 13> 9 > 11 = 3 > 4 > 5 >12 = 77 and Gram-negative bacteria follow the
order:10 >13=11>6=4>5>0.
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Figure 2. Zone of inhibition observed against Gram-positive bacteria by the test compounds.
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Figure 3. Zone of inhibition observed against Gram-negative bacteria by the test compounds.

From this study we found that among the acylated products, compound 10
showed effective activities (17 mm) against both B. subtilis & E. coli and com-
pounds 13 (16 mm) and 10 (15 mm) showed high activity against the E. coli
and P. aeruginosa microorganisms, respectively. Some of the tested chemicals
showed moderate to marked inhibition against the bacterial pathogens em-
ployed. It was also found that some tested chemicals were unable to show any
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inhibition at all against the bacterial pathogens employed. It was also observed
that the uridine derivatives were found comparatively more effective against
Gram-positive bacteria than that of Gram-negative bacteria.

The results obtained from the present investigation of antifungal studies men-
tioned in Figure 4 and 6 clearly demonstrate that compounds 5 showed the
highest inhibition (60.0%) against the Rhizopers nigricans. Excellent inhibi-
tion was observed in case of compound 10 (55.0%) in which the percent inhibi

tion is very close to the standard antibiotic Nystatin against Aspergillus niger.
Compounds 4 (50.0%) and 13 (50.0%) showed the good inhibition against the
Aspergillus niger and Rhizopers nigricans, respectively. However, most of the
compounds showed to be less active or toxic to the selected plant pathogens as
compared to the standard antibiotic (Nystatin).

70 W A. niger

W R. nigri 66
nigricans 63

60
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40
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30

20
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Compound no.

Figure 4. The percentage inhibition of mycelial growth of test fungi by the test compounds.
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Figure 5. A. Zone of inhibition of the compounds 10 and 13 against B. subtilis and B. Zone of
inhibition of the compounds 2, 6, 10 and 13 against E. coli.

e ——

Aspergillus niger & Rhizopers nigrican

Figure 6. C. The percentage inhibition mycelial growth inhibition of the compound 10 against
A. nigerand D. The percentage inhibition mycelial growth inhibition of the compound 5 against
R. nigricans.

So, it was found that the newly synthesized and reported compounds 5 and
10 were very much effective against both fungal strains. These antimicrobial
efficacies of our tested compounds were in accordance with the results we ob-
served before3+35. The brine shrimp lethality assay is considered a useful tool
for assessment of toxicity. The cytotoxic activity of the acylated derivatives of
uridine (Scheme 1, 2, Table 1) in the brine shrimp lethality bioassay showed
different rate mortality with different concentrations. It is expected that this
piece of work employing uridine derivatives as test compounds will open the
scope for further work on the development of pesticides and medicines sectors.
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CONCLUSION

The synthesized uridine derivatives have shown promising antibacterial and
antifungal activities. Out of twelve active compounds, three of them (5, 10 and
15) have shown very good antimicrobial inhibiting activity. However, these
three compounds have also shown significant cytotoxic activity against brine
shrimp lethality assay. Therefore, it is expected that the newly acylated uridine
derivatives might show potential antiviral, antidiabetic, anticancer and anti-
inflammatory activities.
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ABSTRACT

Development and in vitro evaluation of dexketoprofen trometamol (DT)-loaded
nanosized and controlled release drug delivery system was aimed in this study.

DT-loaded Eudragit® RL 100 polymeric nanoparticles were prepared using nano
spray-dryer. Structures of DT-loaded polymeric nanoparticles were elucidated by
particle size and zeta potential measurements, shape and surface imaging, thermal
analysis, X-ray diffraction and FT-IR and *H-NMR determinations.

The particle size of the formulations was measured in the range of 475.5-798.7
nm. The droplet size distribution of the formulations was observed in the range of
0.349-0.395. These results showed that nanosized and monodispersed formula-
tions were prepared. The drug content was found to be in the range of 35-38%.
DT-loaded particles exhibited nanostructured and spherical shape. In vitro release
studies showed extended release of DT. Release was found to fit Korsmeyer-Peppas
kinetic model using DDSolver software program.

Depending on the in vitro test results obtained, formulations developed in this
study seem to extend the release of DT from the nanoparticles prepared which are
promising for prolonging analgesic activity.

Keywords: Dexketoprofen trometamol, Eudragit® RL 100, Polymeric nanoparti-
cle, Spray-drying, DDSolver.

INTRODUCTION

DT which is in clinical use since 1996 is the water-soluble salt of dextroro-
tatory enantiomer of racemic ketoprofen, a non-steroidal anti-inflammatory
drug (NSAID). Since dexketoprofen is more lipophilic than ketoprofen, it is
rapidly absorbed followed by the activity starting in a short time and reaching
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maximum plasma concentration in a short period.*

Polymeric nanoparticles are matrix systems that are prepared with natural or
synthetic polymers with sizes in the range of 10 to 1000 nm. Nanoparticles are de-
fined as either nanospheres or nanocapsules depending on their structures where
the active substance is solubilized, entrapped and/or adsorbed onto the particle
surface. Natural (proteins, polysaccharides) and synthetic polymers (synthesized
during production, pre-synthesized) are used in the production of polymeric nan-
oparticles.? Both natural and synthetic particulate drug delivery systems are pre-
ferred to obtain controlled drug release for increasing the life quality of patients.3

A number of approaches can be used to manufacture polymeric nanoparticles
such as salting-out, solvent evaporation, supercritical fluid technology, micro-
emulsion, mini-emulsion, surfactant-free emulsion, and interfacial polymeri-
zation.* Spray-drying subtitues for a single-step, continuous and scalable pro-
cedure devoted to transforming liquid systems

Eudragit® RL, also called Eudragit Retard L, is a copolymer of poly(ethyl
acrylate, methyl methacrylate and chloro trimethyl ammonium methyl meth-
acrylate) containing 8.8 %-12 % quaternary ammonium groups. It is insoluble
at physiologic pH values with limited swelling thus representing a good candi-
date for drug dispersions.®

Drug release is a significant topic in the context of drug development for years.
With intensive progress in drug formulation design with increasing revolution
and innovation, drug release is introduced giving it a substantial role in drug
formulation development and quality control. It is a relatively rapid and inex-
pensive technique to predict in vivo absorption of a drug formulation. Quan-
titative evaluation of drug dissolution characteristics is of great interest to the
pharmaceutical scientists owing to its outstanding advantages.?

DDSolver is a menu-driven add-in program which can be used to facilitate the
modeling of dissolution data using nonlinear optimization methods based on a
built-in model library containing fourty dissolution models. It offers a number
of benefits over the other software packages prepared for dissolution kinetic
modeling.’>"2 Among the dissolution kinetic models for drug release are zero
order, first order, Hixson-Crowell, Higuchi, Korsmeyer-Peppas models, etc.

13,14

In this study, DT-loaded Eudragit® RL 100 polymeric nanoparticles were pre-
pared using Nano Spray Dryer B-90 and characterized. In vitro dissolution
data and kinetic modelling were investigated through DDSolver program aim-
ing sustained release of DT.
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METHODOLOGY

DT was a kind gift of Abdi Ibrahim (Istanbul, Turkey). Eudragit® RL 100 was
obtained from Degussa Rohm Pharma Polymers (Germany). Methanol and
deutero chloroform were both purchased from Merck (Germany) while ace-
tonitril, potassium phosphate monobasic and sodium hydroxide were pur-
chased from Sigma-Aldrich (Germany). All other chemicals and reagents were
used of pharmaceutical and analytical grade.

Preparation of nanoparticles

For the preparation of the polymeric solution with and without DT, Eudragit®
RL 100 was dissolved in methanol under a magnetic stirrer at 250 rpm for 2
hrs to obtain a clear solution. DT was added to this clear solution and stirred
further for another 5 minutes. Nano spray-dryer (Nano Spray-Dryer B-9o0,
BUCHI, Switzerland) was conditioned 30 minutes using methanol to obtain
the desired levels of spraying, pump level, inlet temperature, outlet tempera-
ture, gas flow and ambient temperature prior to delivering the polymeric solu-
ton. Inlet temperature of 120°C, outlet temperature of 54°C and a needle with
4 pm pore size were used during application (Table 1). Dried nanoparticles
were collected in the collecting chamber. Contents of formulations prepared
were summarized in Table 2.

Table 1. Spray-drying conditions

Inlet temperature Outlet temperature Pump level Spray level
120°C 54°C 3 100 %
Table 2. Content of polymeric nanoparticles

Code Eudragit® RL 100 (g) DT (g) Methanol (mL)

ERL-blank 1 - 100
ERL-1 1 0.05 100
ERL-2 1 0.1 100
ERL-3 1 0.15 100

*Blank: Formulation without active ingredient
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Characterization
Morphology

Particle shape and surface properties of the freshly prepared polymeric nano-
particles (PNP) and pure DT were examined by SEM (Zeiss Ultra Plus Fesem,
Germany) after spreading the formulation onto the carbon band and coating
with gold.

Particle size, polydispersity index (PDI) and zeta potential

Particle size and distribution of prepared PNPs were measured (Zetasizer Nano
7S, Malvern, UK) by dispersing the formulation in distilled water adjusted to a
conductivity of 50 uS with NaCl to avoid measurement deviations. Zeta poten-
tial values were determined using the same instrument in a disposable folded
capillary zeta cell, at 25°C room temperature and diluted with distilled water.

Thermal analysis (DSC)

Thermal analyses using DSC (Schimadzu DSC-60, Japan) of pure DT, pure
polymer and PNPs prepared were performed against an aluminum reference
and nitrogen gas at a flow rate of 50 mL. min™* with a temperature increase of
10°C.min™ in the 30-300°C range.

X-ray diffraction (XRD)
XRD analyses of pure DT, pure polymer and PNPs prepared were performed

with Rikagu generator (XRD Rikagu Rint 2000, Japan) at a speed of 40 kV, 30
mA current intensity, 26 angle and 2°minin the range of 2-40°.

Fourier transform infrared spectrophotometry (FT-IR)

FT-IR spectra of pure DT, pure polymer and PNPs prepared were determined
at 4000-500 cm™ wavelength using FT-IR (Schimadzu IR Prestige-21, Japan).

Nuclear magnetic resonance (NMR)

NMR analysis (*H-NMR) of pure DT, pure polymer and PNPs prepared were
determined (Bruker 500 MHz UltraShield NMR, Germany) by dissolving the
samples in deutero chloroform (CDCIS).

HPLC method

HPLC (Shimadzu-20 A, Japan) equipped with reversed- phase NUKLEODUR
column (diameter, 4.6 mm; length, 250 mm, C; Gravity, 5 um pore size) was
used. Determination of DT was achieved by a modified HPLC method. 25:75
(v/v) acetonitrile-methanol was selected as the mobile phase following pre-
liminary tests for the best resolution of DT. Flow rate of mobile phase was 1
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mL-min~ and constant amount of 25 uL was injected using an automatic injec-
tor (Shimadzu, Japan). Fluorescent detector (Shimadzu, Japan) was used at
258 nm and the column temperature was set to 30°C. HPLC method used was
validated in reference to previous studies.'

Encapsulation efficiency (EE %)

Distilled water was used as a solvent for determining DT amount. 5 mg accu-
rately weighed ERL-1 was put in a 2.5 mL-Eppendorf tube and 2 mL distilled
water was added. After ultrasonication for 5 minutes, the upper transparent
portion was removed by centrifugation at 11.000 rpm for 5 minutes and the
sample was analyzed following dilution and filtration.

To determine DT incorporated into PNPs, 2 mL of the mobile phase where
both DT and Eudragit® RL 100 were previously dissolved was added to the
remaining particles. Following ultrasonication for 5 minutes, the clear solu-
tion obtained was filtered through the polyamide filter after adequate dilu-
tions. Tests were repeated 3 times for each formulation. Loading capacity was
calculated using the equation given below.*

EE %= [[(Drug concentration in formulation)-(Drug concentration in super-
natant)]/ (Drug concentration in formulation)]x100 Eq.1

In vitro release study

In vitro release of DT from Eudragit® RL 100 PNPs was investigated over 48
hrs using a dialysis membrane. PNP containing 1 mg DT was placed in a cel-
lulose acetate dialysis bag (MW cut off 12-14 kDa, Sigma). After the addition
of 1 mL of dissolution medium, the bag was sealed at both ends. Dialysis bag
was then placed into an amber glass beaker containing 100 mL PBS (pH 7.4) at
37°C+0.5°C as the dissolution medium under continuous stirring of 100 rpm.
The receptor compartment was closed to prevent evaporation of the dissolu-
tion medium. Samples were withdrawn at regular time intervals and the same
volume was replaced by fresh dissolution medium. DT concentration in the
samples was quantified by HPLC method.

Determination of In vitro kinetics with DDSolver program

Data obtained in the in vitro drug release studies was further investigated for
release kinetics using DDSolver software program.®
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Statistical Analysis

Each experiment was carried out three independent times and the data are
presented as mean + standard error (SE). Microsoft Excel and DDSolver were
employed for statistical analysis.

RESULTS AND DISCUSSION
Morphology

SEM images of pure DT and PNPs were given in Figure 1. Figure 1 clearly
shows that crystal structure of DT was diminished in the SEM images of PNPs
indicating successful loading of DT into the polymer.

Figure 1. SEM images of pure DT and PNPs, a: DT, b: ERL-blank, ¢: ERL-1, d: ERL-2, e:
ERL-3
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Particle size, PDI and zeta potential

Results of particle size, PDI and zeta potential measurements were given in
Table 3. PDI value, used to define particle size distribution, is between 0.01
and 0.5-0.7 for single phase systems. A value higher than 0.7 is indicative of
heterogeneous distribution.”” PDI value of all PNPs prepared in this study was
determined to be <0.395+0.015 (mean+SE) meaning uniform particle distri-
butions for all PNPs.

Since Eudragit® RL 100 contains 8.8 %-12 % quaternary ammonium groups, it
stands out as a suitable cationic polymer for preparing pharmaceutical disper-
sions.*® All PNPs prepared with Eudragit® RL 100 were found to have positive
zeta potential value owing to the cationic ammonium groups in its structure.
Zeta potential values of all PNPs were in the range of +20.15+0.51 mV and
+45.05+0.46 mV. The lowest zeta potential value (+20.15+0.51 mV) was ob-
tained for ERL-3 with the highest DT content when compared to ERL-2, ERL-1
and ERL-blank.

Stability of nanoparticles dispersed in aqueous media is dependent on elec-
trostatic or stearic stability, or both, and high zeta potential value (= +/- 30
mV) is correlated with good colloidal dispersion stability. Depending on this
knowledge, it can be interpreted that the PNPs prepared were stable.

Table 3. Particle size, PDI and zeta potential values

Code Particle size (nm) £ SE  Polydispersity index + SE  Zeta potential = SE
ERL-blank 475.501+3.852 0.381+0.012 +39.11+0.40
ERL-1 540.400+1.715 0.395+0.015 +45.05+0.46
ERL-2 571.500+0.615 0.349:0.026 +43.8122.10
ERL-3 798.700+2.312 0.351+0.060 +20.150.51

*SE: Standard Error
Thermal analysis (DSC)

Thermograms of ERL-blank and all the other freshly prepared formulations
were presented in Figure 2 in comparison to DT and Eudragit® RL 100. DSC
analyses showed the disappearance of endothermic DT peak observed at
105.1°C in thermograms of all PNPs. Complete disappearance of DT peak is
most probably due to homogeneous polymer matrix formation or dilution ef-
fect of the polymer.?° In any case, disappearance of DT peak in all PNPs in-
dicates successful DT loading into nanoparticles, homogenous matrix forma-
tion and amorphous DT structure with incorporation significantly reducing its
crystal structure.®
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Figure 2. Thermograms of DT, pure polymer and PNPs, a: DT, b: Eudragit® RL 100, ¢: ERL-
blank, d: ERL-1, e: ERL-2, f: ERL-3

X-ray diffraction (XRD)

XRD profiles of ERL-blank and all the other freshly prepared formulations
were shown in Figure 3 in comparison to DT and the polymer. XRD analysis is
a well-defined analytical method frequently used in research because it reveals
the molecular structure of PNPs, examines the crystal state, performs poly-
morphism studies and also provides information about stability.?223 DT dis-
persion in the polymer matrix at the molecular level and amorphous form of
PNPs were determined in this study.?+ The fact that even low intense DT peaks
in XRD profiles of PNPs are not seen suggests quite low DT amount adhering
to the PNP surface.'® Disappearance of DT peak for all PNPs may be due to the
dilution effect of the polymer network.*®
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Figure 3. XRD profiles of DT, pure polymer and PNPs, a: DT, b: Eudragit® RL 100, ¢: ERL-
blank, d: ERL-1, e: ERL-2, f: ERL-3

Fourier transform infrared spectrophotometry (FT-IR)

FT-IR spectra of ERL-blank and all freshly prepared PNPs were given in Figure
4 in comparison to DT, Eudragit® RL 100 and the physical mixture. The same
spectra of both ERL-blank and pure polymer indicates that production param-
eters of PNPs had no affect on preparation.? No new peak formation of DT in
FT-IR specta of PNPs prepared can be evaluated as no existence of chemical
interaction between DT and the polymer.*® It was thought that DT was molecu-
larly dispersed in the polymeric matrix due to the decrease in DT peaks seen
in ERL-1, ERL-2 and ERL-3 spectra. This was also supported by thermal and

XRD analyses.2°
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Figure 4. FT-IR spectra of DT, pure polymer, physical mixture and PNPs, a: DT b: Physical
mixture, ¢: Eudragit® RL 100, d: ERL-blank, e: ERL-1, f: ERL-2, g: ERL-3

Nuclear magnetic resonance (NMR)

'H-NMR spectra of ERL-blank and all freshly prepared PNPs were presented
in Figure 5 in comparison to DT and the pure polymer. ‘H-NMR analysis per-
formed in this study is significant for showing the interaction of DT with the
polymer and any change in the polymeric structure with addition of DT. Simi-
lar spectra of ERL-blank and pure polymer and no peak existence of DT at 7-8
ppm were determined.’® Presence of characteristic DT peaks was observed in
spectra of ERL-1, ERL-2 and ERL-3. Peak intensity which was affected by the
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amount of DT added to PNPs was higher in the spectrum of ERL-3 containing
the highest DT amount. It was decided that DT was molecularly dispersed in
the polymeric structure depending on the correlation between characteristic
DT peak and molecular distribution and also DT concentration.!® This was also
interpreted as DT loading into nanoparticles.
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Figure 5. TH-NMR spectra of DT, pure polymer and PNPs, a: DT, h: Eudragit® RL 100, ¢:
ERL-blank, d: ERL-1, e: ERL-2, f: ERL-3
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HPLC method

Modified HPLC method for DT quantification was validated for linearity, speci-
fity, precision and accuracy.” Linearity was determined to be at the concentra-
tion range of 10-80 pg-mL* with the regression equation of y = 67363 x - 243811
(r*=0 9999). The method used was decided to be precise owing to RSD values of
< 2 % for repeatability and intermediate precision. Accuracy of the method was
determined to be 100.768 % + 0.3975, 99.964 % +0.439 and 99.533 % + 0.312
for the DT concentrations of 20 ug.mL?, 40 ug.mL*and 60 ug.mL?, respectively
(n = 6). Recovery of the method was found satisfactory depending on the <2 %
RSD value. Limit of detection (LOD) was found to be 0.5613 ug.mL* while limit of
quantitation (LOQ) was 1.7010 ug.mL". Conclusively, procedure proposed in this
study suggests routine, simultaneous and concurrent use for DT quantification.

Encapsulation efficiency (EE %)

EE % values calculated according to Eq. 1 were given in Table 4. Nanoparticles
composed of natural/synthetic polymers or lipids are usually smaller than 1000
um in size. Active drug ingredient may either be incorporated into the matrix or su-
perficially adsorbed. Therefore, both the amount of encapsulated and the amount
of adsorbed to the polymer surface should be determined in analyzing the total
amount in the nanoparticulate system.! In this study, loading capacity of ERL-2
was found to be the highest among the other formulations. EE% of ERL-3 was
lower among the prepared particles. It can be said that the amount of DT loaded
on the polymer matrix decreases as the amount of the active ingredient increases.

Table 4. EE % values

Code ERL-blank ERL-1 ERL-2 ERL-3

EE % + SE - 37.079+1.340 38.873+1.027 35.177+0.458

*SE= standard error
In vitro release

In vitro release and also detailed 2-hr release profiles of pure DT and PNPs
prepared were presented in Figure 6. In vitro release test results are frequent-
ly used not only for monitoring stability of drugs but also for predicting in
vivo absorption.® Due to the short half-life of DT and rapid release from the
conventional tablet formulations marketed, patients need to take the drug at
least 3 times a day. Therefore, preparing polymeric nanoparticles to provide
initial dose with the superficial DT and maintenance dose with DT entrapped
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was aimed in this study. Testing in vitro release of pure DT resulted in 92.217
%+0.682 (mean+SE) release within the first 2 hrs while release from all PNPs
prepared were sustained. Initial rapid release observed from PNPs was most
probably dependent on the rapid dissolution of superficially adsorbed DT and
it was found that DT entrapped in PNPs was released in a sustained pattern.
ERL-3 demonstrated higher amounts of DT release in 48 hrs with a release of
51.870+1.505 (mean+SE).

In vitro release kinetics

As a result of applying in vitro release study data obtained to different kinetic
models using DDSolver program, rate constant (k), determination coefficient
(r?) and Akaike information criterion (AIC) found were shown in Table 5. Kors-
meyer-Peppas model was determined to be the most appropriate kinetic model
for DT release from all PNPs. Release kinetic profiles of all PNPs correspond-
ing to the Korsmeyer-Peppas model were presented in Figure 7.
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Table 5. Release kinetic modeling of PNPs

Kinetic Model Evaluation Criteria ERL-1 ERL-2 ERL-3

k 33.112 36.719 39.984

Korsmeyer- Peppas r? 0.815 0.945 0.968
AIC 67.525 47.284 45.040

Evaluation of drug release data is achieved using many mathematical models
and statistical parameters. However, most of those models contain nonlinear
equations. In the DDSolver computer program which can evaluate 40 different
dissolution parameters, the highest k and r? values and the lowest AIC values
were used for determining the best fit.*® Higuchi and Korsmeyer-Peppas mod-
els both were determined to give good correspondance. Comparing those two
models according to the 3 criteria mentioned above, Korsmeyer-Peppas model
was selected to be the best kinetic model which describes controlled release
from matrix nano-systems.*

CONCLUSIONS

As a result of all particle size, PDI, zeta potential, SEM, DSC, XRD, FT-IR,
NMR, EE % and in vitro release data obtained, it was decided that sustained
release matrix systems could be prepared in this study. Correspondance to
Korsmeyer-Peppas model describing controlled release from matrix nano-
systems also confirmed the formation of matrix systems in this study. ERL-
3 containing the highest amount of active ingredient among the other PNPs
prepared was found to be promising for providing sustained analgesic activity.
Eudragit® RL polymer containing quaternary ammonium groups represents a
good matrix ingredient for further in vivo studies due to its cationic character.
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ABSTRACT

In this study, the compounds that contain active ingredients beneficial for health
and disposed from t he fruits of milk thistle which from oil was extracted after cold
press was obtained, and end products were provided.

At this stage, total ash, insoluble ash in HC], loss on drying, foreign matter, heavy
metal and microbiology analyses were carried out on the milk thistle waste supplied
as seeds. The seeds were treated to cold press, then oil and waste were obtained.
Peroxide value, FFA, refractive index, fatty acid composition, saponification and
iodine number were investigated in the oil. The waste had silymarin compounds
significantly, therefore verification was performed for the quantitation of silymarin
active ingredient in the waste. The waste contained up to 2% silymarin.

As a result, a formulation was created for the standardized active ingredient and
milk thistle oil, and end product was provided in the form of soft capsule.

Keywords: cold press, milk thistle (Silybum marianum), silymarin, soft capsule

INTRODUCTION

Silybum marianum (L.) Gaertn (synonym Carduus marianus L.) is known as
milk thistle. It belongs to Asteraceae family. It originates from the Mediterrane-
an area. However, it has spread to other countries in Europe, Asia, Australia and
both Americas'. The primary content of S. marianum is the presence of a group
of flavonolignans known as silymarin in the pericarp and seed coat 2. The rate of
flavonolignans is usually between 1.5% and 3.5% of the fruit weight'. Silymarin
consists of silybin, isosilybin, silydianin, silychristin, isosilychrystin and isosi-
lybinin*3. Since among flavonolignan compounds silybin has detoxificationing

*Corresponding Author: Derya Duran, e-mail: derya.orn@gmail.com
(Received 18 September 2018, accepted 11 December 2018)
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properties, it stabilizes the functions of the liver. Therefore, S. marianum has
been grown for pharmaceutical purposes in some European and Asian coun-
tries. In recent years, silymarin has been used in various treatments because of
its properties in the medical, pharmaceutical and veterinary fields*+. In addi-
tion to their hepatoprotective effect, flavonolignans also have antioxidant, anti-
inflammatory, antifibrotic, hypolipidemic, neurotrophic and neuroprotective
effects?. Silymarin is also known with its effects of reducing chemotherapy side
effects and protecting against radiotherapy-induced toxicity35.

Milk thistle has a wide area of usage due to the chemical composition of its
fruits and biomasses, and oil yield. Byproducts are produced from silymarin
extraction, and these biomass is used in various fields including food, fodder,
cosmetic and bioenergy.

Cold press is a simple, ecological and energy-efficient method. For these rea-
sons, it is a more economical technique compared to the other methods® such
as solvent extraction and hot press. It has been reported to be the best way
to produce high-quality oil. When compared with hot pressing and solvent
extraction, its oil yield is lower”. Cold press has hence drawn the interest of
consumers because of nutritional contents and naturality of the oils®. Since no
heat treatment and chemical process is used during the cold press process, all
beneficial nutritional properties of the raw material are transmitted to the oil.
Therefore, cold pressed seed oils have high dietary and sensory properties and
contain useful elements with significant chemical properties for health %4,
Cold pressed seed oils contain natural phytochemicals such as tocopherols,
fatty acids, sterols and antioxidant phenolic compounds'31415,

Milk thistle seed contained high silymarin levels as it was seen in the literature
data. In this study, the seeds were treated to cold press, then oil and waste were
obtained. Silymarin remained in the waste, it didin’t pass to oil. The quanti-
tation of silymarin active ingredient in the waste analyzed. After that, active
ingredients were quantified in a product that was not evaluated as waste, for-
mulations were created for mixture with oil which is rich in its own fatty acids,
and the end product was produced as capsule. Based on the data obtain from
the study, all necessary quality control analyses were conducted on the plantal
waste that was the source of silymarin, the biomass of milk thistle, and extrac-
tion of end product by dosing was aimed.
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METHODOLOGY
Materials
Seed and oil samples

Seed samples were supplied from an approved supplier in Konya province.
These samples were approved after the relevant quality control analyses. The
cold pressing technique was applied with an industrial scale in ZADE VITAL
Pharmaceuticals Inc. (200 kg seed/day capacity, single head, 2,2 kW power)
cold press machine. The cold pressing procedure was set by a 10-mm exit die,
and 40 rpm of screw rotation speed and 40 °C of exit temperature was used*®.

Glycerin, gelatine and pure water

Gelatine was supplied from SEL-JEL Inc. vegetative glycerin from the ap-
proved supplier, and pure water from ZADE VITAL Pharmaceuticals Inc. in
order to produce soft capsule from the material, namely from the biomass gen-
erated after cold press.

Chemicals

Potassium hydroxide was supplied from T. Baker, nitric acid, hydrogen perox-
ide, phosphoric acid, methanol was supplied from Sigma-Aldrich, media for
microbiology was supplied from VWR companies. Pure water and ultrapure
water were used to meet the pharmacopeia requirements.

Methods
Analysis Performed in the Seed
Total aflatoxin and ochratoxin analysis

Eueropean Pharmacopoeia 8.0, 2.8.18 method” and Eueropean Pharmaco-
poeia 8.0, 2.8.22 method” were used for aflatoxin and ochratoxin analyses
respectively.

Heavy Metal Analysis

The analysis is made with Shimadzu / ICPE 9000 device. Burner unit tempera-
ture is as follows: Process temperature was gradually increased for 15 minutes
up to 200°C. At the end of this period, the temperature was fixed at 200°C for
15 minutes. Then, it was conditioned to cool after the process of 30 minutes.
Argon gas was used in ICPE 9000 device conditions. The cooler temperature
was set at -15°C, and the gas pressure at 450-460 Pa. Nitric acid of 1% was
prepared. Reference standard solution was prepared as 1, 5, 10, 20, 50, and
100 ppb. At the application steps, 0.5 g sample was weighed in weighing bottle
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on an assay balance. Then the sample was taken to the burner unit container.
7 mL nitric acid and 1 mL hydrogen peroxide were added into the container?.

The Analysis of Total Ash, Insoluble Ash in HCl, Loss on dryimg,
and Foreign Matter

Because all these analyses were performed under the title of the control of
vegetable drugs, European Pharmacopoeia methods were used”. The total ash
was analyzed using EP 2.4.16, insoluble ash in HC] EP 2.8.1, loss on drying EP
2.2.32, and foreign matter EP 2.8.2 methods.

Microbiological Analysis

Since microbiology analyses in the seed were made based on drug control, the
total bacteria, total yeast and mold, bile tolerant gram-negative bacteria, Es-
cherichia Coli and Salmonella strains specified in European Pharmacopoeia
were taken into close scrutiny. All these analyses are made according to EP
2.6.12 and 2.6.13 methods".

Oil Analyses

Analyses of Peroxide Value, FFA, Saponification Number, Amount
of Unsaponifiable Matter and Iodine Number

After oil extraction from the seed the resultant waste and milk thistle oil pro-
vide of end product. For this reason, analyses in the pharmacopoeia is also car-
ried out in milk thistle. These analyses include peroxide value using EP 2.5.5,
free fatty acids (FFA) value EP 2.5.1, saponification number EP 2.5.6, amount
of unsaponifiable matter EP 2.5.7, and iodine number EP 2.5.4 methods.

Fatty Acid Composition

Fatty acid composition was made with a validated method in the company. Oil
sample of 60 mg was weighed and put into a screwed covered tube then 2 mL
2N methanolic potassium hydroxide solution (KOH) was added on it. It was
then mixed with a vortex for 5 minutes after that, 2 mL of n-Heptane was add-
ed on the oil sample and methanolic potassium hydroxide mixture and mixed
for 1 minute with the vortex. The oil sample mixed with vortex was centrifuged
at 3000 rpm for 5 minutes. Supernatant (organic phase) of the centrifuged
sample was taken, filtered and transferred into a GC vial. Schimadzu GC and
SUPELCO SP 2560 column were used. Fatty acid was identified using FAME-
MIX 37 standard.

Furnace temperature was kept at 140°C for 5 minutes. The temperature was
raised to 240°C with 4°C increase per minute and kept for 20 minutes. The
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sample of 1 uL was injected. Flow rate was set at 1.1 mL/min and nitrogen gas
was used as the carrier gas. The analysis lasts 50 minutes. Percentile fatty acid
composition was obtained after 50 minutes.

Capsule Analysis
Disintegration test

One capsule was put into 6 tubes. Each tube was added a disk. Pure water was
used for the fluid medium to be immersed. Fluid medium temperature had
to be kept at 37 + 2°C. The equipment was run for 30 minutes. After the time
determined for the control of disintegration duration was up, the reservoirs in
which the tubes were inserted were removed from the immersed fluid.

Uniformity of dosage units

Twenty soft gelatine capsules were obtained. At first, each filled capsule was
weighed, then the capsule was cut with a knife and the matter in it was re-
moved, and then the capsule was irrigated with chloroform, dried, and the
empty gelatine was weighed. The weight difference between the filled and
empty states of the capsule was calculated, and the weight of the vegetative
preparation in the capsule was found.

Verification of the waste
Verification of silymarin and its components

In this study, the active ingredient should be quantified for the dose adjust-
ment of the milk thistle waste used in its finished dosage form. Therefore, since
milk thistle was found in the United States Pharmacopoeia, the verification of
the active ingredient was carried out.

The used reactives were methanol and phosphoric acid, the used standard Milk
Thistle Extract (E.P) and the used placebo was milk thistle waste supplied from
ZADE VITAL. The acceptability criteria were considered as RSD% value < 2.0.

Mobile phase: According to the USP 54.2 analysis method, the mobile phase
was prepared as two separate phases as Mobile phase A and Mobile phase B.
For the mobile phase A, 400.0 mL methanol and 1600 mL ultrapure water
were put into the mobile phase bottle of 2000 mL with measuring cylinder
and 10 mL phosphoric acid was added on it. For mobile phase B, 1600 mL
methanol and 400 mL ultra pure water were put into the mobile phase bottle
with measuring cylinder and on which 10 mL phosphoric acid was added on
it. After the prepared mobile phases were filtered through vacuum, the mobile
phase was put into the bottle and degased. 1000 ppm main stock solution, and
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10, 20, 50, 100, and 250 ppm silymarin calibration solutions were prepareds°.
Linearity

As the acceptability criteria, R? value should be between 1.00 > R?> 0.99. Three
injections were made at each of 6 separate concentrations.

Limit of Detection (LOD)

Signal/noise ratio was calculated. This ratio was expected to be > 3.00.
Limit of Quantification (LOQ)

Signal/noise ratio was calculated. This ratio was expected to be > 10.00
Accuracy

Each recovery was expected to be between 98.0% and 102.0% and RSD value
between the injections < 2.00. The samples of 80%, 100%, and 120% were pre-
pared as three in each, and three injections were made from each one.

Reproducibility

RSD% value was expected to be < 2%. Six sample solutions of 100% were pre-
pared. Three injections were made from each sample.

Repeatability of the Method

RSD% value was expected to be < 2%. Six sequential injections were given
from 100% sample solution. Repeatability values of the methods were given in
the following table. The results were appropriate according to the acceptability
criteria.

Capsule production

The vegetable material obtained after cold press of milk thistle oil was ground
in the grinder, and then filtered through 250-micron screens and the granule
size was standardized. The obtained standardized powder mixture was mixed
with lecithin, beeswax and milk thistle oil and the end product was obtained.
End product which soft capsule formulation was occured about 1% lecithin, 2%
beewax, 25% milk thistle waste powder and 72% of milk thistle oil.

Statistical analysis: Data collected on proximate composition were ana-
lyzed by simple descriptive statistics.
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RESULTS AND DISCUSSION
Results of milk thistle seed

In a study by Mehring, total ash amounts were analyzed in various seeds and
spices. The total ash values in the anise seed 6%, in the bay leaf 9%, in the
caraway 8%, in the cinnamon 5%, in the celery 10%, in the cinnamon 5%, in the
carnation 7%, in the coriander 8.5%, in the cumin 9%, in the in the ginger 5%,
in the mustard 5% and in the thyme 14% were found.

The insoluble ash in HCI value of Morus nigra seeds were found 5.817% by
Shukla et al. 2° the amount of insoluble ash in HCI should not exceed 1% and
loss on drying max. 8%, according to the Fructus Silybi Mariae monograph in
WHO2,

Inorganic residues were found by William?? in some spices and seeds as fol-
lows; in the chili powder abaout 43.1 mg/10 g, in the celery seed 85.7 mg/10g,
in the cinnamon 63.4 mg/10g.

According to the analyses that should be made under the Herbal Drugs title of
European Pharmacopoeia?, total ash, insoluble ash in HCI, loss on drying, for-
eign matter, total aflatoxin, ochratoxin, heavy metal and microbiology analyses
were made. In the analysis, the total ash were found as 4.38%, insoluble ash in
HCl as 0.01%, and loss on drying as 6.38%, while foreign matter, total aflatox-
in, and total ochratoxin could not be found. As a result, in this studuy analyses
values were found to be in close proximity with other literature values.

Table 1. Physicochemical analyses of milk thistle seeds

Analysis Specifications Results
Total ash Max. 5.00 4.38%
Insoluble ash in HCL Max. 5.00% 0,01%

Loss on drying Max. 10.00% 6,83%
Foreign matter Absent/100 g Not detected

Another analysis group which were expected to be performed in the seeds was
microbiological controls with the following results in Table 2.
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Table 2. Microbiological analysis in milk thistle seeds

Controls Specifications Results
Total bacteria Max. 5 x 10 CFU/g Conforms
Total yeast and mould Max. 5 x 102 CFU/g Conforms
Bile-tolerant gram-negative bacteria | Max. 5 x 102 CFU/g Conforms
Escherichia coli Absent/ g (Absent / g) Conforms
Salmonella Absent/25 g (Absent / 25g) Conforms
Aflatoxin Max. 5.0 pg / kg Not detected
Ochratoxin Max.10.0 pg / kg Not detected

Turkish Food Codex Contaminant Statement and the mean of relevant values
were considered when acceptability criteria were sought in the seed in heavy
metals, and the limit was found as 0.10 mg/kg, while no limit was detected in
mercury and cadmium as specification of it should not contain.

In a study®3, concentration of metals (aluminum, arsenic, lead, and cadmium)
was examined using atomic absorption spectrophotometry in medicinal plants
including: Thymus vulgaris, Melissa officinalis, Achillea millefolium, Rosmari-
nus officinalis, and Salvia officinalis around Arak city/Iran. The minimum and
maximum levels of toxic metals in these plants was reported to be 3.022ug/g
and 0.254ug/g for lead and 0.031 pg/g and 0.144 pg/g for cadmium, respec-
tively.

Table 3. Heavy metal analysis in milk thistle seeds

Controls Specifications Results

Lead Max. 0.10 mg / kg Not detected
Mercury Absent/ g Not detected
Cadmium Absent/ g Not detected

Given all these analysis results, milk thistle seed complies with all acceptability
criteria as a vegetable drug.
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Results of the analysis of milk thistle seed oil

In a study by Iman Nasrollahi24peroxide values were respectively found as 0.51,
0.69, 0.68 and 0.57, and refractive index values as 1.4646, 1.46482, 1.4656,
and 1.4651 in four separate milk thistle oils. In the present study, peroxide val-
ue was found as 1.16 meqO,/kg oil, and refractive index as 1.46. In a study by
Faiza et al.?4; saponification number was found as 126.2 mg KOH/g, number of
free fatty acids (FFA) as 2.53 mg/g, iodine number as 2.79 mg/g and specific
weight as 0.8129. In a study by Meddeb*'; refractive index was found as 1.47,
specific weight as 0.91 g/mL, acidic value as 5.48 mgKOH/g oil, peroxide val-
ues as 2.83 meqO,/kg oil, iodine number as 112.41 mgKOH/g oil, and amount
of unsaponifiable matter as 1.57. In our study, peroxide value (moqO,/kg oil)
was found as 1.16, FFA (in terms of oleic acid) (%) (m/m) as 1.70, amount of
unsaponifiable matter (g/kg) as 14.14, saponification number (mgKOH/ g oil)
as 200.13, iodine number (mgKOH/g oil) as 118.03, refractive index (40 °C) as
1.46, and specific weight (g/mL) (20°C) as 0.92. Therefore, our results were
close to those of the previous studies.

Table 4. Physicochemical analysis of milk thistle oil

Analysis Results
Peroxide (meq 0,/kg oil) 1.16
FFA (in terms of oleic acid) (%)(m/m) 1.70
Amount of unsaponifiable matter (g/kg) 14.14
Saponification Number (mg KOH/g oil) 200.12
lodine Number (mg KOH/g oil) 118.03
Refractive Index (40° C) 1.46
Concentration (gr/mL)(20°C) 0.92
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Table 5. Fatty acid composition of milk thistle

Carbon Number Fatty Acid Percentage (%) value
C14:0 Myristic Acid 0.06
C 16:0 Palmitic Acid 7.75
C16:1 Palmitoleic Acid 0.05
C18:0 Stearic Acid 5.07
C18:1 Oleic Acid 23.91
C18:2 Linoleic Acid 55.49
€ 20:0 Arachidic Acid 3.18
C 201 Gondoic Acid 0.86
C18:3 Linolenic Acid 0.42
C22:0 Behenic Acid 2.30
C22:1 Erucic Acid 0.10

In another study?®, nine fatty acids were detected. Linoleic acid (18:2n-6) was
the dominant fatty acid, it was followed by oleic (18:1n-9), palmitic acid (16:0)
and stearic (18:0) acid. The amount of polyunsaturated fatty acid was about
50-54%, and amount of saturated fatty acid was about 19-21% in the extracted
milk thistle oil.

Herein, the important point was that polyunsaturated fatty acids play an im-
portant role in cellular communication, membrane structure, prostaglandin
synthesis, nervous, endocrine and immune systems=°.

In study by Iman Nasrollah 27; fatty acid compositions were studied in 4 differ-
ent milk thistle oil; and palmitic acid (16:0) was respectively found as 8.55%,
8.36%, 7.99% and 9.26%; stearic acid (18:0) as 5.609%, 7.72%, 5.607% and
5.01%; oleic acid (18:1) as 28.68%, 35.85%, 28.54%, and 30.42%, while linoleic
acid (18:2) was found as 54.5%, 43.57%, 54.71%, and 52.78% and finally lino-
lenic acid (18:3) as 2.50%, 4.48%, 3.13% and 2.51%.

In our study, 11 fatty acids were studied, and the results were given in Table
5. Main results included palmitic acid (16:0) as 7.75%, stearic acid (18:0) as
5.07%, oleic acid (18:1) as 23.91%, linoleic acid (18:2) as 55.49%, and arachidic
acid (20:0) as 3.18%. In conclusion, milk thistle oil is rich in polyunsaturated
fatty acids.
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Results of the analysis of end product soft capsule
Disintegration time

In a study by Gurley et al.?® disintegration time of milk thistle oil soft capsule
was found as 12.6 minutes. It has a total daily dose of 440 mg.

In another study®?, disintegration times were studied in different soft capsules.
Disintegration time was found as 9.7 minutes in amantadine soft capsule at
covered room temperature, considering storage conditions, and the time in-
creased to 10 minutes 2 weeks after room temperature, and 10.3 minutes after
2 further weeks at 40°C. When the same processes were made in flaxseed oil
soft capsule; again the disintegration time was found as 8.2 minutes at room
temperature, 7.7 minutes 2 weeks after the storage, and 8.3 minutes after 2
weeks at 40°C. The same studies were conducted in soy oil, and ginseng soft
capsules. In our soft capsule that we produced with milk thistle waste and milk
thistle oil, disintegration time was found as 13 minutes at 37 + 2 °C.

Uniformity of dosage units

Because milk thistle substance was in the range of 90-110% ‘Milk Thistle Cap-
sule Monograph’ title of USP 38 NF 333°, we predicted an amount of vegetative
preparation in the range of 810-990 based on the capsules of 900 mg. For this
purpose, 20 capsules were selected and analyzed. The mean capsule value was
about 900 mg, and this value was within the limits.

Verification of active ingredients in the waste

The analysis was conducted using the Powder Milk Thistle method in USP.
Verification procedure was applied since the method was registered in Ameri-
can United States Pharmacopeia (USP)°. Within the verification, following
parameters was analyzed.

e Linearity

e Limit of Detection (LOD)

e Limit of Quantification (LOQ)
e Accuracy

e Reproducibility

e Repeatability

The results for linearity was summarized in the following Table 6.
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Table 6. Accuracy values for total silymarin

Samble | Goncenaon | ComEenation | Peakvezs | M ey,
(%) (mAU * s)
408713,0
1 25 0,025 402782,0 407872,00 1,16
412121,0
1112058,0
2 75 0,075 1135179,0 1125253,33 1,06
1128523,0
1465893,0
3 100 0,100 1496567,0 1477306,00 1,14
1469458,0
2223280,0
4 150 0,150 2219508,0 2210673,33 0,84
2189232,0
3166932,0
5 200 0,200 3197370,0 3188459,00 0,59
3201075,0
4025934,0
6 250 0,250 4043571,0 4036681,67 0,23
4040540,0
STATISTICAL EVALUATION
Correlation Factor (R?) 0,9961
Slope 16230
Intercept 89617

Silymarin solution was prepared at 6 different concentrations of 25, 75, 100,

150, 200, and 25 ppm for linearity among the verification parameters. A linear

chart was obtained according to device result, area values, and equation of y =
ax + b (Chart 1). Again, recovery percentage (RSD%) was found as < 2.

96 | Acta Pharmaceutica Sciencia. Vol. 57 No. 1, 2019



Tablo 7. Accuracy values for silymarin.

Mean
Recovery % RSD
(%)

Sample | Concentration | Peak Areas | Mean Areas | Recovery
No (mg / mL) (mAU *s) (mAU *s) (%)

3014038,0
1 0,080 3055221,0 | 3008264,00 | 100,64
2955533,0
3005572,0
2 0,080 2937406,0 | 2929789,67 98,06 99,66 1,39
2846391,0
2947268,0
3 0,080 3084160,0 | 2997371,00 | 100,28
2960685,0
3805910,0
4 0,100 3819263,0 | 3814293,33 | 101,66
3817707,0
3834192,0
5 0,100 3832395,0 | 3821254,00 | 101,84 101,65 0,20
3797175,0
3788289,0
6 0,100 3809254,0 | 3806295,33 | 101,45
3821343,0
4449077,0
7 0,120 4457120,0 | 4532777,67 | 100,43
4692136,0
4464181,0
8 0,120 4513701,0 | 4492095,33 99,54 100,41 0,72
4498404,0
4498404,0
9 0,120 4690313,0 | 4571194,67 | 101,27
4524867,0

STATISTICAL EVALUATION
MEAN RECOVERY % 100,01
STANDARD DEVIATION 0,90
RSD % 0,90
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For accuracy parameters, each recovery was between 98.0% and 102.0%, and
RSD value was <2.00%. The samples of 80%, 100%, and 120% were prepared
as three in each, and three injections were made from each one.

Table 8. Total silymarin recovery values

Sample
No

Concentration
(mg / ml)

Peak Areas
(mAU * s)

RSD
(%)

Mean Area
(mAU * s)

Recovery (%)

0,100

1487466,5

1481366,5

1492838,5

0,39

1487223,83

99,60

0,100

1474817,5

1495767,5

1443947,5

1,77

1471510,83

98,51

0,100

1488724,5

1497576,5

1479611,5

0,60

1488637,50

99,69

0,100

1489920,5

1486511,5

1505618,5

0,68

1494016,83

100,07

0,100

1471985,5

1509519,5

1511291,5

1,48

1497598,83

100,31

0,100

1471832,5

1480743,5

1464921,5

0,54

1472499,17

98,58

STATISTICAL EVALUATION

MEAN RECOVERY %

99,46

STANDARD DEVIATION

0,75

RSD %

0,76

Recovery values from 100% concentration were found between 98% and 102%,

indicating the method worked correctly.
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Table 9. Total silymarin repeatability values

SAMPLE AREA (mAU*s)
1502274,5
14929815
14884465
14897875
1492166,5
1491073,5

Mean 1492788,33
RSD % 0,33

(= BN ) B S B R S

Six sequential injections were given from 100% solution. Area values were
highly close to each other, indicating repeatability of the method.

TOTAL SILYMARIN

4500000.00
4000000.00-
3500000.00
3000000.00
250000000
200000000
150000000
1000000.00
500000.00
ooo

Mean Area {LU"s)

0.00 50.00 100.00 150.00 200.00 250.00 300.00
Theoretical Concentration (ug/mL)

Figure 1. Total silymarin accuracy chart

CONCLUSION AND RECOMMENDATIONS

Milk thistle is a plant which can easily grow almost all countries worldwide
including our country. With flavonolignan compounds named fatty acids and
silymarin that it contains in seed and the oil, milk thistle found a wide area of
use in many field such as medicine, cosmetic, and food. The oil, rich in poly-
unsaturated fatty acids were obtained after cold press, but compounds that
are named as hepatic protectors especially silymarin are not transported to
the oil. They remain in vegetative pomace called waste. In this study, active
ingredients were quantified in a product that is not evaluated as waste, for-
mulations were created for mixture with oil which is rich in its own fatty acids,
and the end product was produced as capsule. By this way, we aimed to pro-
duce a standardized product, and obtained a value-added product from waste
material. Thus, we demonstrated that this product which we made pilot test at
laboratory scale can be produced at industry scale.
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ABSTRACT

Thiazole and basic nitrogen containing rings are important chemical moieties of
antimicrobial drugs. In recent, third generation cephalosporins include thiazole
ring system. In this study, we synthesized 33 piperazine thiazole derivatives which
were thought to show antimicrobial activity. Synthesize were realized with good
yield using the method which reports the anticholinesterase properties of these
compounds. Similar compounds with the same scaffold (2, 4, 5 trisubstituted thia-
zoles) are investigated for antimicrobial activity. Compounds 23-27 exhibited
MIC: 256 uM against S. aureus ATCC 25923. Besides, 27-33 group showed MIC:
256 UM against K. pneumoniae UC57 and B. cereus. It is remarkable that the com-
pound 27 showed antimicrobial activity against 4 different microorganisms and 26
showed antimicrobial activity against L. monocytogenes by MIC: 32 uM which is
same as the standart chloramphenicol.

Keywords: thiazole, piperazine, antimicrobial, trisubstituted thiazole, N-benzo-
ylthioamide.

INTRODUCTION

Bacterial resistance to the treatment of infectious diseases is the main problem.
Many classes of antibiotics are facing resistance and have initiated new efforts
to develop new derivatives and discover new chemical classes.! Gram positive
and gram-negative bacteria such as Escherichia coli, Staphylococcus aureus,
Micrococcus luteus, Bacillus subtilis, Bacillus cereus, Pseudomonas aeruginosa
etc. are responsible for many diverse infections which even can cause of death.?

Thiazole and basic nitrogen containing rings are important chemical moieties
of antimicrobial drugs. Recently, third generation cefepime, ceftriaxone, cefix-

*Corresponding Author: Betiil Giray, e-mail: bgiray@medipol.edu.tr
(Received 03 December 2018, accepted 23 December 2018)
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ime, ceftazimide drugs are wide spectrum cephalosporins containing thiazole
ring system. Also, new studies on compounds with thiazole moiety are inves-
tigated.>s List of the synthesized compounds, which were first evaluated for
their acetylcholinesterase inhibitor activity by our group® is given in Table 1.

Table 1. Synthesized compounds

S e (B[ w5 lw
1| 2l Ho |12 | 3l H | 23| 4l H
2 | 2C | 3CH, | 18 | 3-Cl | 3CH, | 24 | 4Cl | 3-CH,
3 | 2:C1 | 4CH, | 14| 3-Cl | 4CH, | 25 | 4Cl | 4-CH,
Q 4 | 2l |3-0CH, | 15 | 3Cl | 3-0CH, | 26 | 4-Cl | 3-OCH,
) |5 | 2C | 40CH | 16 | 3C | 40CH | 27 | 4C | 40CH,
S | 6| 20 | 3F |17 | 30 | 3F | 28| 40 | 3F
@} 7 | 2C | 4F |18 | 3C | 4F |29 | 4C | 4F
¥ 8 | 2C | 3C | 19| 3C | 3C |30 | 4C | 3Cl
9 | 2Cl | 4C | 20 | 3Cl | 4C | 31 | 4Cl | 4Cl
10 | 2C | 3NO, | 21 | 3-Cl | 3-NO, | 32 | 4Cl | 3-NO,
11| 2C | 3NO, | 22 | 3-CI | 3-NO, | 33 | 4<Cl | 3-NO,

Similar compounds with the same scaffold (2, 4, 5 trisubstituted thiazoles) are
investigated for antimicrobial activity. These compounds also have the same
substituents on the thiazole ring such as piperazine (morpholine) at 2nd posi-
tion, phenyl at 4th position and benzoyl at 5 th position.

As a pioneer of this study, 2, 4, 5-trisubstituted thiazole derivatives (I) were
screened for antimicrobial activity against E. coli, S. aureus, M. luteus, B. sub-
tilis, B. cereus, P. aeruginosa bacterial strains by paper disc diffusion method.
In this study, all 7 compounds showed moderate to good activity. According
to zone diameters, activity was found approximately %40-45 of ciprofloxacin.”
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Figure 1. Trisubstituted thiazole compounds with antimicrobial activity

In another study of the same group, similar compounds (II) were evaluated for
antimicrobial activity against same strains. 7 of 8 compounds exhibited good
activity, which was very close to standard ciprofloxacin. 8

In this study, we synthesized 33 compounds, which are thought to show anti-
microbial activity. Synthesize were realized with good yield using the method
which reports the anticholinesterase activity of these compounds.®

METHODOLOGY
Chemistry

Synthesis of 33 compounds were carried out by the method used in a recent
study.¢ Following the method, N’-benzoyl piperazine thioureas (10 mmol) and
bromoacetophenones (10 mmol) reacted to give the compounds. The equiva-
lent mole of materials was boiled in ethyl alcohol until the reaction was being
completed. After cooling, it was poured into the water and neutralized with
NaHCO, solution. The products were crystallized from ethanol. *°

Rr
/— HN
OO 4 F
R NS g Br

Ethanol’ reflux

e
R@—ND\'—{SI R,

O
Scheme 1. Synthesis of compounds
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Antimicrobial Activity Test

Antimicrobial activity test was determined on both gram positive and gram-
negative bacteria strains including, Escherichia coli ATCC 25922, Klebsiella
pneumonia UCs7, Enterococcus faecalis ATCC 29212, Listeria monocy-
togenes ATCC 7644, Salmonella typhi ATCC 19430, Pseudomonas aerigino-
sa ATCC 27853, Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC
7064, Listeria monocytogenes ATCC 7644. Clinically isolated Acinetobacter
baumannii and Shigella dysenteria were provided by Hospital of Istanbul
Medipol University. All these compounds were dissolved in DMSO to prepare
stock solution at 10 mg/mL. Broth microdilution method was carried out in
accordance with the relevant 2012 CLSI standard. " The bacterial strains
were inoculated and grown to mid-log phase in Muller Hinton Broth (MHB) at
37 degrees. Bacterial inoculum suspensions were prepared at a final concen-
tration of approximately 1 x105 cfu/ml. Materials were 2-fold serially diluted
to make different concentration, from 0.5 to 256 micromolar. Equal volumes
of inoculum suspensions were than added to each well of sterile 96 well-plate
with different concentration of materials, and the plate was incubated 18 h at
37 °C. Positive or negative control were set to wells with and without bacteria,
respectively. Besides, chloramphenicol is used as positive control. MIC was de-
fined as the lowest concentration of materials that prevented visible turbitidy
by visual inspection. Experiments were performed duplicate.

RESULTS
Chemistry

Synthesis of compounds were carried out up to %80 yield. Characterizations
were corresponded our previous study IR, ‘H-NMR and *C-NMR results were
previously reported in the related paper.°

Antimicrobial activity

No antimicrobial activity was detected against E. coli, S. Typhii, P. aeriginosa,
S. dysanteria ve A. Baumanni bacteria. Activity on the other bacteria is sum-
marized in Table 2.

27-33 compound series against K. pneumoniae and B. Cereus microorgan-
isms are effective. It is important that these compounds are effective against
two different microorganisms in serials. When the whole table was examined,
the compounds in the range 23-33 were found to be effective against to the
microorganisms. This indicates that the 4-chlorophenyl structure attached to
the piperazine ring is beneficial for antimicrobial activity. The structures in
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the 23-27 group against S. aureus have been found effective. In this group,
electron donating substituents (R’) were prominent. 13, 17, 27, 31 (MIC: 256
uM), 32 (MIC: 128 uM), 33 (MIC: 64 uM) effects have been found against E.
facealis. Chloramphenicol has no effect on this microorganism.

Table 2. MIC of te materials against bacteria.

MIC (pM)
Compounds K. pneumoniae | S. aureus ATCC | E. faecalis ATCC B. cereus L. monocyto-
ucs7 25923 29212 genes ATCC 7644
1 - - - - -
2 - - - - -
3 - - - > 256 -
4 - - - - -
5 - - - - -
6 - - - - -
7 - - - - -
8 - - - - -
g - - - - -
10 - - - - -
11 - - - - -
12 - - - - -
13 - - =256 - -
14 - - - - -
15 - - - - -
16 - - - - -
17 - - = 256 - -
18 - - - - -
19 - - - - -
20 - - - - -
21 - - - =256 -
22 - - - - > 256
23 - =256 - - -
24 - > 256 - =256 -
25 - =256 - - -
26 - =256 - - =32
27 =256 =256 =256 =256 -
28 =256 - - =256 -
29 > 256 - - > 256 -
30 =256 - - > 256 -
31 > 256 - =256 =256 -
32 =256 - =128 =256 -
33 =256 - =64 =256 -
Chloramphenicol > 256 > 256 - > 32 =32
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Against L. monocytogenes, compounds 22 (MIC: 256 uM) and 26 (MIC: 32 uM)
were found active. Although it is not appropriate to make a chemical interpreta-
tion here, the activity of compound 26 is the same as the standard compound
chloramphenicol.

CONCLUSION

Compound 27 has effect on 4 of 5 microorganisms with 256 MIC values. Be-
sides, 27-33 has 256 uM MIC value against K. pneumoniae and B. cereus as
series. This empowers the idea that activity is related to chemical structure.
Furthermore 23-27 on S. aureus has antimicrobial effect as a chemical series.
These results can be associated with the chemical structure and efforts can be
continued in these chemical groups for investigating new antimicrobial drugs.
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