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Abstract
Antibacterial properties of curcumin (Cur) and cipro�oxacin (Cip) against urinary tract bacterial infections can
be improved by using self-emulsifying drug delivery system (SEDDS). Previously prepared Cur-SEDDS
(lauroglycol FCC, tween 80, transcutol HP) alone and its combination with cipro�oxacin (Cip) were used to
investigate the antibacterial activity against Staphylococcus aureus, Escherichia coli and Pseudomonas
aeruginosa. Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC), dose
response curve, checkerboard assay and time kill assay were performed to investigate the synergistic effect of
Cur and Cip. FTIR, polydispersity index (PDI), zeta potential, permeability coe�cient (Kp), cell viability assay of
Cur, Cip and Cur-Cip containing SEDDS were performed. Average PDI of all SEDDS was 0.3±0.97 with negative
charge -10.56±0.67mV at pH 6.8 and encapsulation e�ciency 93.88%. Interestingly, Cur and Cip showed
synergistic behavior at average MIC of 72±0.45 and 0.33±0.98 against three microorganisms. Stability
analysis using Rgui software (R 4.1.3 version) estimates shelf life of 16 months. Improvement in the
permeation rate was up to 10 times of Cur and 3 times of Cip in case of SEDDS as compared to their pure
form. Enhanced permeation through SEDDS and synergistic antibacterial effect will help in establishing its
therapeutic usefulness especially for bacterial urinary tract infections in humans.

1. Introduction
Urinary tract infections (UTIs) are one of the most common infectious diseases of urinary system caused by
bacterial pathogens with many complications. UTI are more common in females characterized by repeated
outbreak, long disease course, di�culty for treatment and severe complications. Although antibiotics can
alleviate the conditions to a certain extent, they cannot decline the recurrence rate and improve the prognosis
of the diseases [1]. With the application of the broad-spectrum antibiotics in recent years, pathogens of urinary
tract infection have shown different degrees of antibiotic resistance affecting therapeutic effect. Todays
increased resistance and decreasing effectiveness of antibiotics has resulted in a worldwide challenge in the
treatment of bacterial infections [2].

Curcumin (Cur), a naturally occurring compound obtained from Curcuma longa, possesses potent antibacterial
activity against a wide range of bacteria and has synergistic activities with various anti-microbial drugs.
According to the molecular structure of Cur, it shows excellent properties for microbial and cancer treatment
[3]. The phenolic hydroxyl groups of Cur, as an electron-donating group, increase its antibacterial activity. The -
OH and -OCH3 groups on curcumin’s aromatic rings display antibacterial properties against gram-positive and
gram-negative bacteria (Fig. 1) [4].

Combination antibiotic therapy is employed to reduce the risk of resistance to antibiotics during therapy [5].
Cur was found to enhance bacterial susceptibility of antibiotics by inhibiting bacterial growth. Recently, its
antibacterial action is found to be synergistic with several antibiotics like cipro�oxacin (Cip). Unfortunately,
after introducing Cip for treatment of infections, these bacteria rapidly become resistant. However, delivery of
both Cur and Cip has been restricted because of low water solubility, poor physicochemical attributes, and low
bioavailability by oral administration. Therefore, many efforts have been made to improve delivery of these
drugs. They can encapsulate antimicrobial agents and enhance their e�cacy through fusion with the bacterial
cell membranes [6].
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Moreover, to enhance the e�cacy of Cur and Cip for the treatment of bacterial strains, various lipid
nanoparticles (solid lipid nanoparticles, liposomes, core-shell nanostructures) based techniques have been
utilized for successful loading of Cip and Cur against intracellular pathogens. Self-emulsifying drug delivery
system (SEDDS) has drawn the innumerable attention in the �eld of pharmaceutical technology and drug
development owing to their thermodynamic stability, easy manufacturing as well as capable of forming
emulsions spontaneously having large interfacial surface area in aqueous media are the main advantages of
SEDDS [7].

It was therefore need to develop SEDDS comprising Cur and Cip in order to combine the advantages of both
compounds [8]. In the present study, synergistic effect of Cur and Cip was �rst optimized by checkerboard
assay and then incorporated into SEDDS (Cur-SEDDS, Cip-SEDDS, and Cur-Cip-SEDDS) for improving
membrane permeation. The oily droplets of SEDDS seem to be promising formulations because of their
lipophilic nature and small size, with enhanced membrane permeation [9]. Further, the physicochemical
parameters including average droplet size, polydispersity index (PDI), zeta potential, encapsulation e�ciency
(EE %) and membrane permeation rate of all SEDDS formulations were performed. The cell viability studies
and antibacterial effect of prepared SEDDS was also con�rmed by measuring zone of inhibition against
P.aeroginosa, S.aureus, E.coli [10]. Thus, the aim of this study was to investigate the synergistic effect of Cur
and Cip, as well as to determine the antibacterial activity of their combination when loaded in SEDDS.

2. Materials And Method

2.1. Materials
Curcumin (M.W ≈ 368.38 Da) Acros-Organics Jersey, USA, tween 80 (HLB 15), transcutol HP, lauroglycol FCC
(Oil and solubilizer, HLB 4), cipro�oxacin, Mueller Hinton Agar (MHA) were purchased from Merck Darmstadt,
Germany). Triton X® 100 (MW≈625 g/mol, N-2 hydroxyethylpiperazine-N-ethanesulfonic acid (HEPES,
MW≈238.3012 Da), Hank’s balanced salt solution (HBBS) and Dulbecco’s modi�ed eagle medium (DMEM)
were purchased from Atlanta biologicals, Norcross, Georgia), minimum essential medium (MEM) contains
non-essential amino acids, 1mM sodium pyruvate, 2mM L-glutamine and 10% fetal bovine serum (FBS) was
purchased from Sigma Aldrich Hamburg, Germany and distilled water. All chemicals and reagents were of
analytical grade. E coli (ATCC 25922), S.aureus (ATCC 25923) and P.aeruginosa (ATCC 27853) were obtained
from culture collection of Institute of Pure and Applied Biology, Bahauddin Zakariya University Multan and
were cultured aerobically in MHA media.

2.2. MIC and MBC of Cur and Cip
MIC of Cip and Cur were determined by broth microdilution method against E coli, S.aureus and P.aeruginosa
using bacterial inoculum of 4×105 CFU/ml. Brie�y; Mueller Hinton broth containing serial dilutions of Cur and
Cip in the range of 0.125–8µg/mL were added to 96-well microdilution plates. Bacterial suspensions required
quantities were poured and the plates were incubated for 24 h at 37°C. The MIC was recorded as the lowest
dilution showing no growth. The MBC is lowest concentrations of Cur and Cip that kill 99.9% bacteria in the
culture [11].

2.3. Checkerboard assay and dose response curve
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The antibacterial activities of the combination of Cur and Cip were investigated using Checkerboard Broth
Microdilution Method. Two-fold serial dilutions of Cur and Cip were prepared and 50µL aliquots of each
component was placed into wells of sterile 96 well plate. Already prepared bacterial inoculum (100µL each)
was added in respective wells and plates were incubated at 37ºC. MIC was determined after 18-20h of
incubation and the experiments were repeated thrice (n = 3). The Fractional Inhibitory Concentration (FIC index)
for Cur and Cip was determined by following equation

FICindex = FICCur + FICCip =
[Cur]

MICCur
+

[Cip]
MICCip

 --------- (1)

FICCur and FICCip are fractional inhibitory concentrations, MICCur and MICCip are the minimum inhibitory
concentration and [Cur] and [Cip] are molar concentrations of Cur and Cip respectively [1]. FIC indexes ≤ 0.5
synergistic behavior, 0.5  FIC ≤ 4 additive behavior, FIC  4 are interpreted as antagonistic interventions. In
addition, dose response curves were analysed by plotting bacterial proportion affected against dose(µg/ml)
and �tting the data as implemented in the package drc for the Rgui software (R 4.1.3 version) for statistical
computing.

2.4. Time kill assay
A time-kill assay was performed to investigate the effect of combining Cur with Cip for different time intervals
over a period of 24h. Bacterial cultures incubated in MHA for 24h at 37ºC were diluted with fresh MHB to
approximately 1x105 CFU/ml and the diluted cultures were preincubated at 37ºC for 24 h. Bacterial cultures
(150µl each) were removed at speci�ed time intervals (0, 4, 8, 16, and 24 h) of incubation, and serial dilutions
(10-fold) were prepared in normal saline. The numbers of viable cells were determined on an MHA plate
(without drug) after 24h incubation.

2.5. Preparation of SEDDS
The self-emulsifying drug delivery system was prepared by our research group Hanif et al., [12]. Brie�y;
Lauroglycol FCC was used as oil while Tween 80 and Transcutol HP were employed as surfactants and co-
surfactant respectively. The components were homogenized in ratio of 1:6:3 via mixing at 100 rpm at 70°C
using a thermomixer (Perkin Elmer). Cur (5%w/w) was added in previously prepared blank SEDDS with
continuous stirring until a transparent preparation was obtained. Same procedure was repeated for
preparation of Cip-SEDDS and Cur-Cip- SEDDS.

2.6. Characterization of SEDDS formulations
The SEDDS preconcentrates were diluted in 1:100 with phosphate buffer solution (PBS) (pH 6.8). Furthermore,
mean droplet size, polydispersity index and zeta potential of Cur-SEDDS, Cip-SEDDS and Cur-Cip-SEDDS were
determined by using a Zetasizer Nano ZS analyzer (Model ZEN3600, Malvern Instruments Worcestershire, UK).
Encapsulation e�ciency (EE %), assessment of self-emulsi�cation, FTIR spectroscopic analysis (Platinum
ATR-Bruker). Encapsulation e�ciency (EE%) was calculated by method described by Li, Q., et al., [13] using
following equation.

EE(%) =
Ce
Ct

× 100% -------------- (2)
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Where Ce is concentration of encapsulated while Ct is the total concentration of Cur and Cip in all
formulations.

2.7. Permeation studies of SEDDS
In-vitro membrane permeation studies were performed by using a Franz diffusion cell (Xenometrix,
Switzerland). The excised rat intestinal membrane was mounted between donor and receptor compartment of
diffusion cell. Pure Cur (100mg) was placed in donor compartment over membrane. The receptor
compartment contains PBS (pH 6.8) and whole assembly was �xed on a magnetic stirrer, while solution in the
receptor compartment was stirred continuously at 50 rpm at 37 ± 0.5°C. 1ml aliquot samples was withdrawn at
20, 40, 60, 80, 100 and 120min time intervals, analyzed by UV spectrophotometer, and replaced with an equal
volume of PBS (pH 6.8) at each sample withdrawal. The cumulative percent amount of Cur permeated through
membrane were calculated by using the already prepared standard curve of increasing concentration of Cur.
Same procedure was repeated for pure Cip, Cur-SEDDS, Cip-SEDDS and Cur-Cip-SEDDS. Apparent permeability,
cumulative amount of Cur and Cip diffused per unit area (CADD/cm) and permeability coe�cient (Kp) were
calculated by using following equations.

Apparentpermeability
μg

cm2 \% =
Q
AC × 100 --------------(3)

CADD = (C × V × DF | 1000)/A -------------(4)

KP =
Jss

CV
 -------------(5)

Where Q is the change in concentration per unit time, A is the area of stomach membrane exposed to diffusion
medium, C is the initial concentration of Cur and Cip in Cur-Cip-SEDDS(g/ml) in apical chamber, V is the
volume of diffusion medium, and DF is dilution factor calculated from volume of diluted sample (ml)/ volume
of sample removed (ml). Whereas JSS in Eq. 5 is �ux calculated from slope of linear portion of plot of amount
of drug diffused per unit area versus time. and Cv is initial concentration of the drug in donor compartment
(mg).

2.8. Cell viability and biocompatibility analysis
Resazurin assay technique was used to study the biocompatibility analysis of SEDDS as previously described
by Patricia Severino et al., [14]. Brie�y; 24 wells plate having 25,000 Caco-2 cells cultivated for two weeks
within de�ned conditions of 5% CO2 and relative humidity 95% at 37°C. Plate treated with red MEM, used for
feeding of Caco-2 cells. After 48h old red MEM was exchanged with freshly prepared red MEM and cell layers
were grown after 12–14 days of incubation. MEM resistance was controlled with fresh PBS (pH 7.4). For the
assay of the generated cells, 25mM HEPES buffered saline (HBS) pH 7.4 was utilized. Freshly prepared (1%)
solution of Cur-SEDDS, Cip-SEDDS and Cur-Cip-SEDDS were prepared in white MEM and removed with already
available fresh white MEM. For positive control fresh MEM and for negative control 2% Triton X-100 was used.
SEDDS containing wells were incubated under prede�ned conditions of CO2 and relative humidity. After 24h of
incubation, cells were washed with fresh PBS of pH 7.4. Solution of 2.2 mM resazurin (250µL) was added in

( )
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freshly HBS buffer pre-washed cells and incubated at 370C for h. Absorption was measured by withdrawing
100 µL aliquot from each well and metabolism of resazurin within Caco-2 cells were measured at 540nm and
590nm by using UV-Spectrophotometer (Lambda25 Perkin Elmer. Same method was repeated with sample
having 48h incubation. Formula given below (4) was used for the calculation of viability of Caco-2 cells [15].

Cellviability =
AbsorbanceofSample

Absorbanceofstandard × 100 ----------- (6)

2.9. Antibacterial susceptibility test via Agar Well Diffusion
Method
Antibacterial susceptibility test and Zone of inhibition (ZOI) of Cur, Cip and Cur-Cip-SEDDS was determined by
Agar Well Diffusion Method [16]. Brie�y; bacterial cultures were grown in nutrient broth for 24h at 37˚C. Muller
Hinton (MH) agar plates were prepared and 100µl of bacterial suspension (106 cells/ml) was spread on these
plates with sterile cotton swab. In MH agar plates, wells were prepared (6 mm diameter) with aseptic borer.
Solutions of Cur, Cip, Cur-Cip, Cur-SEDDS, Cip-SEDDS and Cur-Cip-SEDDS (100mg equivalent each) were
directly applied separately in wells and plates were incubated at 37℃ for 24hr. Zone of inhibition of each
sample was measured in triplicate [17].

2.10. Stability studies
Stability studies were conducted by placing the Cur-Cip-SEDDS in closed glass vials which were stored in a
controlled temperature environment that contain inside stability chamber with relative humidity of 75% and at
40°C temperature. After 3, 6 and 9 months, samples were removed and tested for quality control test as well as
in-vitro drug release pro�le and compared with those tested immediately after manufacturing. Results were
analyzed on R-Gui software for the calculation of estimated shelf life.

2.11. Statistical analysis

Analysis of the data was expressed as mean ± standard error of mean (SEM). Statistical comparisons on dose
response curve and estimation of shelf life were performed using Rgui software. One-way ANOVA was applied
to determine the signi�cance of the value. p values < 0.05 were considered signi�cant throughout the studies.

3. Results And Discussion
In vitro antibacterial activity of Cur alone and in combination with Cip was tested. Table 1 showed the MIC
values of Cip 0.063 ± 0.43, 0.127 ± 0.127, 0.8 ± 0.94µg/ml against E. coli, S. aureus and P. aeruginosa
respectively, while increased MIC values in case of Cur were 65 ± 0.42, 67 ± 0.84, 84 ± 0.96µg/ml may be due to
its low permeation in bacterial cell membrane. In comparison of three different bacteria the lowest value of
MIC against E. coli showed the a�nity of Cip as well as Cur con�rmed their use in bacterial infections of
urinary tract. Combination of Cip and Cur further decreased MIC value against three microorganisms proved
their synergistic effect which was also con�rmed by checkerboard assay.
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Table 1
MIC, MBC values and FIC index of Cur and Cip against E. coli, S. aureus and P. aeruginosa.

Bacteria Cur Cip FIC
index

Behavior

MIC

(µg/mL)

MBC

(µg/mL)

FIC

(µg/mL)

MIC

(µg/mL)

MBC

(µg/mL)

FIC

(µg/mL)

E. coli 65 ± 
0.42

2134 ± 
0.24

0.28 ± 
0.74

0.079 ± 
0.43

0.06 ± 
0.56

0.037 ± 
0.98

0.36 
± 
0.94

Synergistic

S. aureus 67 ± 
0.84

2141 ± 
0.73

0.30 ± 
0.92

0.127 ± 
0.76

0.6 ± 
1.32

0.039 ± 
0.79

0.34 
± 
0.86

Synergistic

P.aeruginosa 84 ± 
0.96

2987 ± 
0.89

0.34 ± 
0.82

0.8 ± 
0.94

0.52 ± 
1.28

0.006 ± 
0.92

0.35 
± 
0.58

Synergistic

3.1. Synergistic effect of Cur and Cip
The Fractional inhibitory concentration (FIC) index was obtained by adding the FIC values of Cur and Cip.
Table 1 showed the FIC values of Cur and Cip ranged between 0.006–0.34µg, which is below 0.5, proved the
synergistic effect of both drugs [18]. These results showed that the combination of Cur and Cip acted
synergistically and was chosen for loading into the SEDDS. Due to synergistic effects, antibacterial activity of
Cip would be enhanced in the presence of Cur by targeting microorganisms in different ways, ultimately
reduced the risk of microbial resistance. Markedly, Cur lowered the MICs of Cip from 0.079 ± 0.43 to 0.037 ± 
0.98 [19]. In the presence of Cur, E.coli, S.aureus and P.aeruginosa showed increased sensitivity to Cip but
E.coli showed the highest sensitivity [20]. Furthermore, the dose response curves showed the typical sigmoidal
shape (Fig. 2) which indicates dose dependent increase of Cur and Cip against affected proportion of bacteria
especially E. coli.

3.2. Time kill assay
Time kill assay was another method for further con�rmation of synergistic antimicrobial effect. The results
showed that the effect of Cur and Cip on the growth of bacteria at half MIC value was not signi�cant, whereas
the combination of half MIC of Cur and half MIC of Cip has considerable synergistic effect. The results were
further pronounced at 3/4MIC Cur and half MIC of Cip. From Fig. 3 it is showed that antimicrobial activity was
2-fold higher when Cur was combined with Cip than used alone [21]. Based on these studies, main role of Cur
in synergy is to destroy the cell membrane or increase membrane polarity through its own bactericidal effects,
resulting in increased sensitivity of bacterial cells to the synergistic drug Cip showing enhanced antibacterial
properties [22].

3.3. Physicochemical evaluation of SEDDS
Encapsulation e�ciency (EE %) of Cur and Cip in three formulations (Cur-SEDDS, Cip-SEDDS and Cur-Cip-
SEDDS) were found to be 94.98 ± 0.48, 92.43 ± 0.79, 94.23 ± 0.87% indicated maximum drug encapsulation
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e�ciency which is due to interaction between the hydrophobic tails of oil (Lauroglycol FCC) and lipophilic Cur
and Cip. The results showed that encapsulation of both drugs into SEDDS can increase its solubility,
bioavailability, and may be deliver into the blood stream rapidly. The SEDDS formulations were graded
according to the ease of microemulsion formation and clarity. All three formulations showed the spontaneous
formation of a clear emulsion (grade A) thus visual observation is considered as primary mean to inspect
good and poor SEDDS formulations.

Droplet size distribution is one of the signi�cant parameters affecting the fate of emulsions in-vivo and self-
emulsifying capability because it can in�uence the rate and extent of drug release. The smaller the globule
size of the emulsion, the larger the surface area provided for drug absorption. The Z-average size of blank
SEDDS, Cur-SEDDS, Cip-SEDDS, Cur-Cip-SEDDS was found to be 12.93 ± 0.95, 19.76 ± 0.14, 22.98 ± 0.15 and
23.02 ± 0.87nm, respectively as shown in Fig. 4A. The particle size of above prepared SEDDS is substantially
lower which con�rms their nano size range. The Polydispersity index of blank SEDDS, Cur-SEDDS, Cip-SEDDS,
Cur-Cip-SEDDS after reconstitution was 0.23 ± 0.092, 0.38 ± 0.03, 0.245 ± 0.05 and 0.372 ± 0.03 respectively.
These values were within the acceptable range of less than 0.7 shows that uniformity and equal size
distribution of particles within delivery systems which could be attributed to the good self-emulsi�cation [23].
The zeta potential values of all four formulations were recorded for − 18.83 ± 0.84, -13.72 ± 0.67, -8.34 ± 0.56
and-10.56 ± 0.67mV respectively (Fig. 4B). The negative values of the surface charge could be attributed to the
presence of lipid excipients in the formulation. The higher surface charge suggests the stabilization of the
SEDDS for long periods of time [24].

3.4. Fourier Transform Infrared Spectroscopy
Figure 5 showed the peaks related to the SEDDS containing Cur and Cip. The prominent peaks in Cur were at
1600 cm− 1 to the stretching vibration of benzene ring skeleton; 1510 cm− 1 to the mixed (C = O) and (C = C)
vibration; 1425 cm− 1 to the ole�nic C–H in-plane bending vibration (C–H); 1280 cm− 1 to the Ar–O stretching
vibration. No changes were found in FT-IR spectra of the physical mixtures of Cur and Cip. The broad
absorption bands at 3410 cm− 1 arise from the stretching mode of phenolic -OH groups. The bands in the
range of 3079–3000 cm− 1 can be attributed to aromatic C–H stretching vibration which may indicate
intercalation of Cur in SEDDS formulation. The peak around 1277 cm− 1 revealed the bending vibration of the
C-O phenolic bond of Cur. The FTIR results showed that both drugs were loaded in oil phase of SEDDS,
separately, without any changes in the chemical structure of SEDDS [25].

3.5. Permeation of SEDDS
Diffusion studies on intestinal membrane showed a 10-fold (Cur-Cip-SEDDS) and a 2.5-fold (Cur-Cip-SEDDS)
higher amount of permeated Cur and Cip. As shown in Fig. 6 (a) Cur-Cip-SEDDS exhibited a signi�cantly higher
permeation rate compared to pure Cur and Cip. Pure Cip tends to stick in the negatively charged mucous
membrane due to the interactions of cationic Cip with anionic intestinal rat membrane. On the contrary, the
negative zeta potential of SEDDS formulations led to decrease of interaction with negatively charged mucin
�bers in intestinal mucus and negatively charged biopolymers such as mucin, DNA, and alginate in mucus,
respectively. Griesser et al.,[26] has already demonstrated zeta potential dependent mucus permeation which
reduce interaction of negatively charged SEDDS with negatively charged mucus membrane. The cumulative
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amount of diffused pure Cur (CADD) per unit area was found to be 1.31µg/cm2 when compared to Cur release
from Cur-Cip SEDDS 12.62µg/cm2. On the other hand, rate of permeation (Jss) of Cur showed more than 70%
release of Cur in 2hr while Cur showed less than 10%.

3.6. Cell viability
Cell viability test was performed on Caco-2 cells exposed to 1% (w/v) solution of Cur-SEDDS, Cip-SEDDS, Cur-
Cip-SEDDS. Cell viability assayed with Resazurin indicator, which upon exposure to metabolically active cells
converts from dark blue to pink color. Positive control MEM showed 100% cell viability at 24h and 48h
(standard) and negative control triton showed negligible cell viability. Caco-2 cells can excellently withstand
with formulation as no toxicity noticed for up to 24h. While after 48h resulted in average reduction of 10% for
Cur-SEDDS and 20% for Cip-SEDDS indicating concentration dependent toxic effect shown in Fig. 6 (b) as
previously reported by Patrícia Severino et al.,[27]. Results obtained after analysis of in-vitro cell cytotoxicity
con�rmed non-cytotoxic nature of SEDDS. Therefore, the safety pro�le of Cur-Cip-SEDDS is owed to the
addition of naturally occurring Cur [28].

3.7. Antimicrobial susceptibility analysis
The antimicrobial susceptibility analysis of pure Cur, Cip, Cur-Cip combination, Cur-SEDDS, Cip-SEDDS and
Cur-Cip-SEDDS against two gram negative bacteria “E.coli, S.aureus” and one gram positive bacteria “P.
aeruginosa” by measuring zone of inhibition [29]. Among Cur, Cip, and Cur-Cip, maximum ZOI were measured
56 ± 0.98, (Fig. 8a) against “E. coli and among SEDDS formulations, maximum ZOI was measured 64 ± 
1.02mm with Cur-Cip-SEDDS as shown in Fig. 7 [29]. Cur combined with Cip was found to have synergistic
effects on E. coli, S.aureus and P. aeruginosa. Sin Yeang et al., also reported the synergistic antibacterial
activity of Cur with antibiotics against S. aureus [30]. Additionally, Cur also has antibacterial and anti-
in�ammatory activities [31]. In another study A.K Alzomor et al.,[16] also reported the similar behavior of Cur
against “S. aureus” and “P. aeruginosa”.

3.8. Stability analysis and estimation of shelf life
The optimized formulation Cur-Cip-SEDDS kept in stability chamber was found to be stable under intermediate
conditions, with the content of Cur and Cip in the range of 97–103% and 99–105%, respectively. The results
were further analyzed statistically in R software by using package stab used to estimate shelf life under 95%
con�dence interval. There were no signi�cant changes in the appearance, self-emulsi�cation properties, and
particle size under speci�ed conditions up to 16 months which is the estimated shelf life.

4. Conclusion
Due to the increasing prevalence of life-threatening bacterial, fungal, and viral infections and the ability of
these human pathogens to develop resistance to current treatment strategies, there is a great need to �nd and
develop new compounds to combat them. This study evaluated the synergistic antibacterial activity of Cur
with Cip. Due to combination with naturally occurring agents, however, the e�cacy of many well-established
antibiotics against different bacteria can likely be crucially improved. To achieve this goal, both drugs have
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incorporated into a SEDDS that was capable of e�ciently reaching the target site and providing their
synchronized release.
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Figures

Figure 1
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Chemical structure of curcumin showing phenolic hydroxyl (-OH) and methoxy (-OCH3) groups involves in
antibacterial effect.

Figure 2

Dose response curves of cipro�oxacin and curcumin showing affected proportion of E. coli.
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Figure 3

Time Kill curve assay of Cur, Cip and their combination against E.coli, S.aureus and P.aeruginosa.

Figure 4

Average particle size, polydispersity index (A) and Zeta potential values (B) of Blank SEDDS, Cur-SEDDS, Cip-
SEDDS and Cur-Cip-SEDDS for assessment of SEDDS formulations
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Figure 5

Fourier Transform infrared spectroscopic (FTIR) analysis of three formulations of SEDDS showing desirable
peaks of Cur and Cip in SEDDS formulations.
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Figure 6

See image above for �gure legend
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Figure 7

Zone of inhibition of Cur-SEDDS, Cur-Cip-SEDDS and Cip-SEDDS against one-gram negative E. coli and two-
gram positive bacteria S. aureus and P. aeruginosa for synergistic antibacterial effect.

Figure 8

Stability analysis of three batches of optimized Cur-Cip-SEDDS by using Rgui software showed shelf life of 16
months under 95% con�dence interval.
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