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Abstract

The present research work involves the synthesis of a total of
four Curcumin-NSAIDs conjugates and their subsequent biologi-
cal screening for Rheumatoid Arthritis, Anti-inflammatory, and
Anti-ulcer activities. Curcumin is a phytochemical having versatile
therapeutic potential. The idea of conjugating curcumin with vari-
ous NSAIDs is somewhat novel in the sense that it helps in obtain-
ing the target of incorporating certain desired properties in the
curcumin like enhanced bioavailability, reduction in the side effects
and also giving good therapeutic potential in terms of determina-
tion of rheumatoid arthritis, anti-inflammatory and anti-ulcer ac-
tivities of synthesized conjugates using appropriate animal models.
Additionally, studies have been done on the in vivo bioavailability
of curcumin-NSAIDs conjugates and curcumin in Sprague-Dawley
rats and on the antiarthritic efficacy of curcumin-NSAIDs conjugates
and curcumin in a modified streptococcal cell wall-induced arthritis
model in Balb/c mice to resemble rheumatoid arthritis in human.
Curcumin-NSAID conjugates have shown improved stability in all of
the studies mentioned when compared to curcumin and curcumin-
NSAID conjugates; they also increased curcumin’s bioavailability by
more than five folds and significantly reduced arthritis symptoms
in a streptococcal cell wall-induced arthritis model when compared
to other conjugates and curcumin. The structural features of all the
synthesized compounds have been confirmed by appropriate spec-
tral analysis. Other supporting techniques employed for structural
and purity aspects include Melting point determination, Thin Layer
Chromatography analysis, and Recrystallization. Therefore, conju-
gating curcumin with medicinal molecules proved to be a creative
way to increase its bioavailability and enhance its wide range of
pharmacological effects.

Keywords: Bioavailability; Anti-Inflammatory; Anti-Ulcer; Rheu-
matoid Arthritis etc.

Introduction

Curcumin is a yellow polyphenolic chemical compound iso-
lated from the rhizomes of turmeric. Its chemical name is difer-
uloyl methane (Curcuma longa) [1-3]. Its medicinal efficacy has
been attributed to its strong antioxidant, and anti-inflammatory
properties [4,5]. Curcumin has yet to be authorized as a medici-
nal drug, despite its numerous pharmacological characteristics.
This is due to its limited oral bioavailability (1 % or lower) [6].
Curcumin’s low bioavailability has been linked to its poor solu-
bility, permeability, and water stability, as well as its fast pre-
systemic metabolism [7].

Curcumin is a crystalline powder that is orange-yellow in
color and nearly insoluble in water. Curcumin has lately been
studied for its potential to treat high cholesterol, inflammation,
scabies, AIDS, viral infections, HIV, and chronic anterior uveitis,
a vision issue [8,9]. Curcuma longa is a medication from the old
Indian system of medicine that resembles a wizard. It is used
in Ayurveda to treat high “Kapha” and “Pitta” conditions [10].

Curcuma longa, C. zanthrorrhiza, C. zedoaria, C. Angustifo-
lia, C. aromatica, and C. caesia, are among the 70 species in
the Curcuma genus, of which several are medicinally significant
[11]. Tubers, rhizomes, and oil of Curcuma longa are the most
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commonly utilized medicinally. The rhizomes are rough brown
on the outside and bright orange on the inside. Rhizomes are
rectangular, ovate, or colored, with a unique odor and a strong,
bitter taste [12]. Curcuma longa is a tropical crop highly cultivat-
ed in India, Bangladesh, China, Malaysia, Indonesia, Thailand,
Cambodia, and the Philippines. The major turmeric-growing
states in India include Tamil Nadu, Orissa, Karnataka, Andhra
Pradesh, Maharashtra, and Kerala. More than 90% of the
world’s entire output is produced in India [13,14].

Chemistry of Curcumin

Curcumin, also known as diferuloylmethane, is a symmetric
chemical moiety having the chemical formula C, H, O, and a
molecular weight of 368.38. Its IUPAC name is (1E, 6E)-1, 7-bis
(4-hydroxy-3-methoxyphenyl) -3,5-dione -1,6-heptadiene. Two
aromatic ring systems with o-methoxy phenolic groups are con-
nected by a seven-carbon linker made up of an,-unsaturated
-diketone moiety [15-19]. Keto-enol tautomerism exists in the
diketo group, which can exist in many types of conformers de-
pending on the environment [20]. Curcumin, which accounts
for 2-5% of turmeric’s active ingredients, is the spice’s most ac-
tive component. The curcuminoids, which were originally iden-
tified by Vogel in 1842, are responsible for turmeric’s distinctive
yellow. Curcumin (Cur; diferuloylmethane, 10 %), demethoxyc-
urcumin (Dem; 15 %), and bisdemethoxycurcumin (Bis; 5 %) are
the three types of curcuminoids (Curs) found naturally in Curcu-
ma longa. Curcumin (C21H2006) was initially reported in 1910
by Lampe and Milobedeska, who discovered that its structure is
diferuloylmethane [21].
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Figure 1: Disease target of curcumin.

Poor Bioavailability of Curcumin

Reduced bioavailability of any medication within the body
is caused by poor absorption, a high rate of metabolism, and/
or rapid excretion from the body. Curcumin has been shown in
studies to have high intrinsic activity and, as a result, effective-
ness as a therapeutic agent for a variety of diseases. However,
Research on curcumin absorption, distribution, metabolism,
and excretion over the last three decades has indicated poor
absorption and fast metabolism of curcumin, severely limiting
its bioavailability [22].

Curcumin has poor water solubility, chemical instability, and
a poor pharmacokinetic profile, which is well known. Despite its
effectiveness and safety, curcumin's medicinal potential is still

debatable, owing to its low absorption in humans, even when
given at large dosages [23]. Curcumin has limited oral bioavail-
ability due to a low absorption rate in the small intestine, sig-
nificant reductive and conjugative metabolism in the liver, and
excretion through the gall bladder. Curcumin binding to entero-
cyte proteins, which can alter its structure, adds to the low bio-
availability [24].

Several techniques have been tried to combat poor curcum-
in absorption and fast removal from the body, including adju-
vants that prevent curcumin metabolism as well as new solid
and liquid oral administration vehicles [25]. These new drug
delivery methods have the potential to solve the pharmaceuti-
cal problem of curcumin administration by increasing solubility,
prolonging plasma residence time, and optimizing pharmacoki-
netic profile and cellular absorption [26].

Non-Steroidal Anti-Inflammatory Drugs

NSAIDs are one of the most often recommended therapies
in the world. They are classified into the following groups based
on their chemical structure and selectivity: propionic acids, ace-
tic acids, acetylated salicylates, non-acetylated salicylates, eno-
lic acids, anthranilic, and selective COX-2 inhibitors [27].

The major therapeutic action of NSAIDs is their ability to
prevent the production of particular prostaglandins (PGs) by
inhibiting the cyclooxygenase enzymes (COX-1 and COX-2). As a
result, drugs should alleviate joint pain and inflammation while
causing less Gl damage than non-selective NSAIDs. On the other
hand, they are widely known for causing stomach and Duodenal
Ulcers (DU). Furthermore, NSAIDs are linked to a high preva-
lence of upper gastrointestinal (Gl) problems, which leads 5-15
% of patients to stop taking them [28].

The reason behind NSAID-induced Gl side effects is that
these medicines block prostaglandin production, lowering the
protective Gl mucosal barrier and increasing the risk of bleed-
ing [28].

Because of the built-in gastro-protective properties of cur-
cumin, Curcumin-NSAIDs conjugates have the potential to less-
en or alleviate the negative effects of long-term non-steroidal
anti-inflammatory medication (NSAID) use [28].

The severity and frequency of Gl bleeding and ulceration in-
duced by NSAID use are well-documented to increase with age.
129 |n the elderly, using NSAIDs four times increases the risk of
Gl bleeding. The reason behind NSAID-induced Gl side effects
is that these medicines block prostaglandin production, lower-
ing the protective Gl mucosal barrier and increasing the risk of
bleeding [30].

Misoprostol, H2-receptor antagonists (H2RA), and proton
pump inhibitors are Gl-protective medications that can help
prevent NSAID-induced gastroduodenal ulcers (PPI) [31]. This
method is used by about 20% of older people who are on chronic
NSAIDs [32]. Substituting COX-2 selective NSAIDs for nonselec-
tive NSAIDs is another way to reduce Gl side effects. COX-2 in-
hibitors have been shown in several trials to produce less harm
to the GI mucosa than non-selective NSAIDs [33-35]. Rhame
et al. investigated older individuals on low-dose aspirin, they
corroborated similar findings. They discovered that celecoxib
had a better Gl safety profile than non-selective NSAIDs [36].

On the other hand, COX-2 inhibitors raise the risk of cardio-
vascular adverse effects [37]. As a result, finding the optimal GI
protection options for those using chronic NSAIDs necessitates
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tailoring a patient's Gl risk factors to their cardiovascular risk
factors [31].

Conjugation as an important strategy has been adopted re-
sulting in a large number of drug molecules with enhanced solu-
bility, bioavailability, and in vivo performance of small and large
molecules. In our study, the drug-drug conjugate was adopted
as a novel approach to synthesize different Curcumin NSAIDs
Conjugates to increase the bioavailability of curcumin, enhance
the therapeutic benefit of NSAIDs, and in addition, the inher-
ent beneficial effects of curcumin in the GIT has the potential
to alleviate the side effects and severity of arthritis treatment.
The enhanced bioavailability of curcumin in Curcumin NSAIDs
Conjugates was by over many folds can be attributed to the im-
proved stability of Conjugates. Conjugates also exhibited bet-
ter anti-inflammatory activity in arthritis in Balb/c mice. Thus,
the conjugation of Curcumin with NSAIDs molecules could be
a novel strategy for improvement of its bioavailability and for
potentiating its numerous pharmacological activities.

Pharmaceutical aspects of Curcumin NSAID conjugates

Since a long time, Curcumin had a drawback of poor bioavail-
ability, which has been overcome by many fold through Esteri-
fication of hydroxyl group of curcumin and Carboxyl group of
different NSAIDs. NSAIDs have been used to cure inflammation
which is caused by arthritis and it is proved if used for prolong
period as in case of arthritis causes peptic ulcers. Conjugating
Curcumin with NSAIDs leads to higher efficiency for anti-inflam-
matory effect when compared to NSAIDs individually. Formed
conjugates also decreases chances of ulceration. Several phar-
maceutical compounds with improved solubility, stability, per-
meability, bioavailability, organoleptic characteristics, and in
vivo performance have been produced as a result of the essen-
tial method of conjugation. Drug-drug conjugate was used in
our study as a novel approach to synthesize different curcumin
NSAIDs conjugates in order to increase the bioavailability of
curcumin, improve the therapeutic benefit of curcumin and
NSAIDs, and in addition, the inherent beneficial effects of cur-
cumin in the GIT has the potential to lessen the side effects and
severity of arthritis treatment. Therefore, conjugating Curcum-
in with NSAIDs molecules could be a creative way to increase its
bioavailability and enhance its wide range of pharmacological
effects. These studies required further investigation.

Materials and Methods
Isolation and Purification of Curcumin

In a soxhlet assembly, turmeric rhizome powder was extract-
ed with ethyl acetate until all the coloring matter was removed.
Then condensed the crude extract into a semisolid dark-tinted
substance. One gram of crude extract was mixed with 25 mL
of Hexane for 12 hours. After 12 hours, the solution containing
a lump of crude extract was agitated for 3 hours with a mag-
netic stirrer at 600 rpm. The bulk splits into little fragments dur-
ing the churning and was eventually reduced to powder. The
suspended lump powder was separated by centrifugation and
dried in a 40°C oven. The total curcumin content of the resulting
crude powder was determined. The open capillary technique
was used to measure the melting point of curcuminoid pow-
der. Recrystallization was used to separate pure curcumin from
crude curcumin.

TLC separation of curcuminoids using various solvent sys-
tems:

Three curcuminoids were detected in acetone extract us-
ing TLC. The TLC pre-coated silica gel plates (Merk-60 F254,
0.25mm thick) were developed in a Camag twin trough glass
tank that had been impregnated with the mobile phase for 1
hour and10 cm height was developed on each plate. Various
mobile solvents of variable polarity were used to optimize the
mobile phase composition. After the development plates had
been removed and dried, UV light was used to examine the
spots.

Silica gel column chromatography

The acetone extract was chromatographed on asilica gel (60-
120 mesh) glass column. Curcuminoids (5gm) were mixed with
silica gel(8 gm) and put onto a 462 cm column, which was then
eluted with chloroform, chloroform: methanol, and chloroform:
methanol with an increase in polarity. All of the obtained frag-
ments were run on a 60 F254 silica gel TLC plate with a develop-
ing solvent system of chloroform: methanol (95:5) and identi-
fied as yellow spots. The organic solvent was extracted using a
rotary evaporator and comparing fractions with Rf values were
pooled. UV spectrophotometry at 420 nm was used to deter-
mine the total curcuminoid concentration of each curcuminoid
sample.

Purification of each curcuminoid

Each Curcuminoid was extracted using column chromatogra-
phy and in methanol, it is dissolved before being heated. After
full dissolution, add chloroform to make a 5:2 ratio of methanol
to chloroform. Store at 5°C overnight. Filtration was used to sep-
arate the crystals. Petroleum ether was used to precipitate the
crystals. Individual crystal purity was determined using HPLC.

Synthesis of Curcumin-NSAIDs Conjugate

An equimolar quantity of 4-dimethyl aminopyridine (DMAP)
was added to the aqueous solution of curcumin (5 g, 13.6
mmol) in dichloromethane: ethyl ether (70:30, 500 ml) and
the mixture was agitated for 30 minutes. Different NSAIDs and
1-Ethyl-3-(3-dimethyl aminopropyl) carbodiimide (EDAC) (20.4
mmol) were added to the above-mentioned mixture and agitat-
ed for another 24 hours. Thin layer chromatography (TLC) was
used to track the reaction's progress, with the hexane: ethyl
acetate (55:45) combination as the eluent. The prepared reac-
tion mixture, was rinsed with 5% Hydrochloric acid and concen-
trated after the reaction was completed. Using column chro-
matography the crude product was purified with a stationary
phase of silica gel (60-120 mesh) and a mobile phase of hexane:
ethyl acetate (55:45). The different monoconjugated fractions
were collected, concentrated, and dried to produce Curcumin-
NSAIDs Conjugates.
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Figure 2: Synthesis of Curcumin-NSAIDs Conjugates.
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Bioavailability

The bioavailability of curcumin and its NSAIDs conjugates
was estimated in Sprague-Dawley rats. The animals were di-
vided into five groups of six each, according to random distribu-
tion. By oral gavage, curcumin (650 mg/kg) and various curcum-
in-NSAID conjugates (150 mg/kg) solutions in 0.5 percent CMC
were given. Under a light ether anesthetic, blood samples (~0.5
ml) were taken from the retro-orbital plexus and placed at inter-
vals into microcentrifuge tubes that had been heparinized (con-
taining 50 | of 1000 U of heparin). To separate the plasma, the
blood samples were centrifuged at 10,000 rpm for 7 minutes
at 15°. As previously mentioned, plasma was used to extract
curcumin. Briefly, 180 pl of plasma was mixed with 50 pl of in-
ternal standard (600 ng/ml rhodamine G) and the mixture was
vortexed for 60 seconds. The sample was vortexed for a further
2 minutes after the addition of ACN (220 ul) and then centri-
fuged for 5 minutes at 10,000 rpm. By using HPLC, the quantity
of curcumin in the supernatant was measured [38].

Anti-Inflammatory Activity

The research was carried out on healthy adult rats (male and
female) weighing 120-160 g. They were given regular pellet feed
as well as water to eat. The rats were split into six groups, each
with six rats. One set of animals was given the placebo, while
the other was given the usual medication (Naproxen). The re-
maining groups were assigned to the test chemicals. Naproxen
and sample compound were given orally by preparing 1% CMC
suspension to groups (standard, control, and test compound)
respectively. After 30 minutes, 0.1 mL of freshly produced car-
rageenan suspension in 0.9 percent NaCl solution was injected
subcutaneously into the paw and the quantity was calculated.
At 1 hour and 2 hours, the foot volume was measured again
and the mean increase in paw volume in each group was cal-
culated. A water plethysmometer was used to determine the
paw volume. The difference in volume was used to calculate the
amount of edema that had been produced. The following cal-
culation is used to calculate the percentage of inhibition value:

[1- Dt/Dc]*100

Dt =Paw volumes of edema in the test
Dc==Paw edema volumes in control.
Anti-Bacterial Activity

The agar-diffusion technique was used to determine prelimi-
nary antibacterial activity. A nutritive agar well diffusion test
was carried out with 15 Ibs (121°C) pressure and immediately
after removal from the autoclave, it was chilled to 50-55°C in
the water, as described by Magaliet al. (2004). The cooling me-
dium was poured onto sterile Petri plates with a constant 4mm
depth, equal to about 40mL, and kept for solidification on a
90mm plate. After the medium had solidified, the culture was
injected in a laminar airflow on the media. Within 15 minutes of
changing the density of the inoculum, a sterile cotton swab was
dipped into the normal bacterial suspension or injected with
1mL of organism solution. The sterile swab was used to ensure
that the inoculums were evenly distributed throughout the sur-
face of the nutrient agar medium. To ensure adequate moisture
absorption, the plates were left intact for 3 to 5 minutes. The
7mm cork borer was sterilized in the preparation of the agar
wells, and the diluted test compound solution concentrations of
25, 50, 75, 100, and 200 g/ml in each well were put, with cipro-
floxacin controlled at 100%. For bacterial growth, 37°C and 20-

25°C incubation plates were incubated in an incubator. Inhibi-
tion zones have been discovered in the vicinity of the agar wells.
The diameters of the zones were measured in millimeters.

The inhibition % can be determined using the formula:

Percentage inhibition = (I) diameter of inhibition zone in
mm/ (90) diameter of Petri plate in mm

Anti-Ulcer Activity

Wistar albino male rats weighing 200-250 g were split into
Six groups (n=6) and given free access to water for two days.
The animals were dehydrated for another 24 hours on the third
day before undergoing surgery under general anesthesia with
Ketamine/diazepam. Group one animals were used as a typi-
cal ulcerative control group, with their pylorus ligated and just
saline. The same model was used to ligate the pylorus of the
rats in the remaining five groups. The animals in groups were
administered 20 mg/kg (dissolved in saline) curcumin, CDC,
CAC, CNC, and CIC via oral gavage and were decapitated after
19 hours. The excised stomach was then filled with 15 mL of 4
percent formalin after the gastric juice was collected. The fixed
stomach was opened along its larger curvature and the ulcer
spots were measured, ulcer lesion index and percentage inhibi-
tions were calculated [39-41].

Rheumatoid Arthritis

Balb/c mice with body weights between 15 and 20 g were
chosen to create an animal model of antigen-induced arthritis.
By injecting modified Streptococcus mutant cell wall extract
(SCW) that had already been prepared with proteolytic en-
zymes intravenously, arthritis was generated. The animals were
divided into seven groups, each with six animals, to test the
antirheumatic activity of curcumin and curcumin NSAID conju-
gates. Group 1: normal control; Group 2: disease control; Group
3 oral curcumin 62.50 mg/kg/day; Group 4: oral CAC 107.1 mg/
kg/day; Group 5: oral CNC 107.1 mg/kg/day; Group 6: oral CDC
107.1 mg/kg/day; Group 7: oral CIC 107.1 mg/kg/day. Seven
days before the induction of arthritis, medication administra-
tion began and it continued throughout the trial. The study last-
ed for fourteen days. On the eighth day of the trial, 10 mg/kg
of a modified SCW extract was intravenously injected to cause
arthritis. The test samples were still being given to the animals
up to the fourteenth day, during which time they were being
watched for changes in joint thickness, tail thickness, body
weight, and mobility [42-45].

Result and Discussion
Bioavailability

The plasma concentration vs. time profiles in rats, of curcum-
in (650mg/kg) following single oral administration of CDC, CIC,
CNC, and CAC (150 mg/kg), are shown in Figure 3. The phar-
macokinetic parameters were estimated by one compartmental
analysis of the experimental data. The peak plasma concentra-
tion (C__ ) of curcumin obtained was 80 * 2.41 ng/ml. The mean
values of AUC___ of curcumin were 3.765 + 0.205 mg/ml/h. CDC
exhibited C__ of 58.93+1.49 ng/ml, mean values of AUC, of
CDC were 3.840 + 0.262 mg/ml/h, CIC exhibited C__ of 57.93
t 1.79 ng/ml, mean values of AUC, . of CIC were 4.264+0.224
mg/mi/h, CNC exhibited C__ of 49.93 + 1.99 ng/ml, mean val-
ues of AUC,_ of CNC were 4.031 + 0.203 mg/ml/h, CAC exhib-
ited C__ of 47.9342.09 ng/ml, mean values of AUC__ of CAC
were 4.044+0.182 mg/ml/h. On comparing the AUC, . values
of curcumin and with other conjugates and it is found that en-
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hancement in the bioavailability of curcumin was observed in
another conjugate.

Plasma concentration (ng/ml) vs Time (hr)

25
20
15
10
s il
0
Ohr Shr

10hr 15hr 20hr 25hr

H Curcumin ECDC mCAC CNC mCIC

Figure 3: Stability studies of the curcumin-diclofenac conjugate in
different media.

Anti-Inflammatory Activity

By assessing the % inhibition of edema with a 1 and 2-hour
interval, anti-inflammatory action was discovered. After one
hour of delivery, naproxen (48.3%), CDC (53.6%), CAC (64.28%),
CNC (67.85%), and CIC were shown to have the highest levels of
inhibition (51.78%). After two hours of treatment, it was discov-
ered that naproxen (54.23%), CDC (59.32%), CAC (71.18%), CNC
(76.27%), and CIC had the highest levels of inhibition (57.62%).
The outcomes demonstrate the respective benefits of curcumin
conjugates.

Inflammation antagonist impact of synthesized compounds
0.7

06

05 -

04

B oedema vol(ml) 1hr
03 -

B oedema vol(ml) 2hrs
0.2

0.1

Control

Naproxen cbC CAC CNC cic

Figure 4: Anti-inflammatory effect of synthesized compounds.

dard (ciprofloxacin), which had a value of 51.94%, the mean
percentage of zone inhibition for the CDC was determined to
be 54.99%, while it was 58.33% for CAC, 60.83% for CNC, and
45.27% for CIC. The aforementioned information demonstrates
the curative properties of curcumin conjugates.

Anti-Ulcer Activity

The mean + SE value of gastric ulcer lesion index has been
shown as 59.66+3.21 of normal saline, 7.52 + 1.24 of curcumin,
10.21+1.77 of CDC, 11.28 + 2.32 of CAC, 14.06+1.88 of CNC and
22.37+2.06 of CIC. The percentage inhibition of ulcerative le-
sions has been shown in fig7. The above data show significant
results. The mean + SE value of the stomach ulcer lesion index
was determined to be 59.66%3.21 for normal saline, 7.52 + 1.24
for curcumin, 10.21 +1.77 for the CDC, 11.28 + 2.32 for the CAC,
14.06+1.88 for the CNC and 22.37+2.06 for the CIC. Figure 7
displays the % inhibition of the ulcerative lesion. The figures up
top indicate a substantial outcome.

(%) Inhibition of ulcerative lesion

90
80
70 -
60 ¥ Normal Saline
50 - ™ Curcumin
40 ®CDC
30 H CAC
20 - ECNC
10 Cic

0

\,_,é‘(& '\o\' 6«\\0 &(, (?'(J &(, 0(,

<&@ &

O

Figure 6: The percentage inhibition of ulcerative lesion.

Rheumatoid Arthritis

Each animal received a score between 5 and 20 points to
represent the degree of arthritis. As a result, the statistics dem-
onstrated how severe arthritis was among various populations
(Table 1).

Table 1: Evaluation of the antiarthritic activity of curcumin, and synthe-
sized compounds in balb/c mice

Figure 5: Anti-bacterial effect of synthesized compounds.

Anti-Bacterial Activity

The antibacterial properties of synthesized compounds (CDC,
CAC, CNC, and CIC) were assessed in vitro against pathogens
such as gram-positive (Bacillus pumilus, Staphylococcus aureus)
and gram-negative (Escherichia coli, Klebsiella pneumoniae).
At doses of 1000 g/mL, the bactericidal activity of all four syn-
thesized compounds was assessed. In comparison to the stan-

) ) o ) ) 6 Treat ¢ Total Score | Diff. in weight Mobility | Appetit
Anti-bacterial activity of curcumin-NSAIDs conjugates roup reatmen (meanSD) = (meanSD) obility ppetite
60 1 Normal control | 6.00+0.85 | 0.02 +£0.62 Good Normal
50
w0 2 Disease control | 19.71+0.62 = 4.54 +0.45 |Very poor Poor
30 3 Curcumin 18.49+1.70  0.32+0.21 |Very poor Poor
0 4 CAC 7.05+2.10 | 0.017+0.19  Good Normal
10
5 CcDC 7.02+0.86 | 0.021+0.24 Good Normal
cC CAC CNC ac Cprofloxacin
(stnd.) 6 CNC 8.00+2.80 | 0.010+0.61 Good Normal
" B.pumilus  Msaureus W Kpneumonia % E.coli 7 CIC 12.80+1.42 0.26+0.85 |Moderate, Normal

Confirmation of Structural Features of Synthesized Com-
pounds

CDC-Curcumin-Diclofenac Conjugate

_o : =~
HO

Figure 7: CDC-Curcumin-Diclofenac Conjugate
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FT-IR Peaks

There were specific IR peaks due to Curcumin at 3508 cm-1
1628 cm-1 1603 cm-1 1510 cm-1 1427 cm-1 and 1278 cm-1
The spectrum of Curcumin-Diclofenac Conjugate showed an in-
frared band at around 1602.85 cm-1 (C=C); 3387.00 cm-1 (N-H
amine) peaks; stretching vibrations due to phenolic hydroxyl
groups at 3200-3500 cm-1; stretching vibration at 1490 cm-1
associated with the aromatic C=C bond and a bending vibration
at 1246 cm-1 attributed to the phenolic C-O group; a stretching
band at 1735 cm-1 due to the C=0 ester group.

IR Specira of compound CDC

%T

3500 2000 2500 2000 1500 1000
Wavenum! bers (em-1}

Figure 8: FT-IR peaks of CDC-Curcumin-Diclofenac Conjugate.

'H NMR of compounds

"H NMR (CDCL,):  3.75 (s, 3H), 3.94 (s, 3H), 4.09 (s, 2H), 5.87
(d, 2H), 6.47 (d, 2H, J=16.4 Hz), 6.58 (d, 1H, J=8.04 Hz), 6.73 (s,
1H), 6.98 (m, 3H), 7.06 (m, 3H), 7.15 (m, 3H), 7.34 (m, 3H), 7.57
(d, 1H, J=7.2 Hz), 7.61 9d, 1H, J=6.92 Hz).

CDC (Curcumin - Diclofenac )

Figure 9: 'H NMR peaks of CDC-Curcumin-Diclofenac Conjugate.

CAC- Curcumin-Aceclofenac Conjugate

Figure 10: CAC- Curcumin-Aceclofenac Conjugate.

FT-IR Peaks

There were specific IR peaks due to Curcumin at 3508 cm-1
1628 cm-1 1603 cm-1 1510 cm-1 1427 cm-1 and 1278 cm-
1. The spectrum of Curcumin-Aceclofenac Conjugate showed
the infrared band at around 3320 cm -1 (N-H stretching); 3287
cm -1 (O-H stretching); 1715 cm -1 (C=0 stretching); 1284 cm

-1 (C-N aromatic amine); 1344.38 cm -1 (O-H in-plane bending;
3000 cm -1 (C-H Stretching); 1455 cm -1 (Aromatic ring stretch);
1659 cm -1 (C=C stretch); stretching vibrations due to phenolic
hydroxyl groups at 3200-3500 cm-1

IR Spectra of compound CAC

%T

Wevenumbers (om-1)

Figure 11: FT-IR peaks of CDC-Curcumin-Diclofenac Conjugate.
'H NMR of compound

'H NMR (CDCL,): & 3.66 (s, 3H), 3.90 (s, 3H), 4.02 (s, 2H), 5.82
(d, 2H), 6.471(d, 2H, J=16.4 Hz), 6.53 (d, 1H, J=8.04 Hz), 6.68 (s,
1H), 6.88 (m, 3H), 7.08 (m, 3H), 7.17 (m, 3H), 7.36 (m, 3H), 7.59
(d, 1H, J=7.2 Hz)

CAC ( Curcumin- Aceclofenac )

Figure 12: 'H NMR peaks of CAC-Curcumin-Aceclofenac Conjugate.

CNC- Curcumin Naproxen Conjugate

|
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Figure 13: CNC-Curcumin-Naproxen Conjugate.
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FT-IR Peaks

There were specific IR peaks due to Curcumin at 3508 cm-1
1628 cm-1 1603 cm-1 1510 cm-1 1427 cm-1 and 1278 cm-1.
The spectrum of Curcumin-Naproxen Conjugate showed an in-
tense, well-defined peak, infrared band at around 1252 cm-1
due to C—-O stretching; 1583 cm-1 due to COO- stretching; C-C
aromatic stretching at 1631 cm-1; C—H aliphatic stretch at 2840
cm-1; stretching vibrations due to phenolic hydroxyl groups at
3200-3500 cm-1; stretching vibration at 1490 cm-1 associated
with the aromatic C=C bond and a bending vibration at 1246
cm-1 attributed to the phenolic C-O group; a stretching band at
1735 cm-1 due to the C=0 ester group.
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IR Spectra of compound CNC
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Figure 14: FT-IR peaks of CNC-Curcumin-Naproxen Conjugate

'H NMR of compounds

"H NMR (CDCL,): § 3.70 (s, 3H), 3.92 (s, 3H), 4.11 (s, 2H), 5.83
(d, 2H), 6.40 (d, 2H, J=16.4 Hz), 6.51 (d, 1H, J=8.04 Hz), 6.70 (s,
1H), 6.94 (m, 3H), 7.04 (m, 3H), 7.10 (m, 3H), 7.31 (m, 3H), 7.56
(d, 1H, J=7.2 Hz)

CNP (Curcumin-Naproxen)
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Figure 15: *H NMR peaks of CNC-Curcumin- Naproxen Conjugate.

CIC- Curcumin-lbuprofen Conjugate
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Figure 16: CIC-Curcumin-lbuprofen Conjugate
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FT-IR Peaks

There were specific IR peaks due to Curcumin at 3515 cm-1
1632 cm-1 1598 cm-1 1510 cm-1 1427 cm-1 and 1278 cm-
1. The spectrum of Curcumin-Naproxen Conjugate showed an
infrared band at 1252 cm-1 due to C-O stretching; 1580 cm-1
due to COO- stretching; C—C aromatic stretching at 1634 cm-1;
C—H aliphatic stretch at 2840 cm-1; stretching vibrations due
to phenolic hydroxyl groups at 3210-3500 cm-1; and a bending
vibration at 1246 cm-1 attributed to the phenolic C-O group; a
stretching band at 1735 cm-1 due to the C=0 ester group.

IR Spectra of compound CIC
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Figure 17: FT-IR peaks of CIC-Curcumin- Ibuprofen Conjugate

'H NMR of compounds

*H NMR (CDCl,): 6 3.69 (s, 3H), 3.88 (s, 3H), 3.99 (s, 2H), 5.80
(d, 2H), 6.02 (d, 2H, J=16.4 Hz), 6.58 (d, 1H, J=8.04 Hz), 6.71 (s,
1H), 6.91 (m, 3H), 7.06 (m, 3H), 7.08 (m, 3H), 7.31 (m, 3H), 7.50
(d, 1H, J=7.2 Hz)
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Figure 18: 'H NMR peaks of CIC-Curcumin- Ibuprofen Conjugate.
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Drug-drug conjugates were used in our study as a novel ap-
proach to synthesize CDC, CIC, CNC, and CAC to increase the
bioavailability of curcumin, improve the therapeutic benefit of
diclofenac, and in addition, the inherent beneficial effects of
curcumin in the GIT have the potential to reduce the side ef-
fects and severity of arthritis treatment. The improved stabil-
ity of CDC, CIC, CNC, and CAC as well as their affinity for the
enzymes attached to the gut can be related to the increased
bioavailability of curcumin in other conjugates. Furthermore,
they demonstrated superior anti-inflammatory efficacy in mice
used in a modified SCW model of arthritis. Additionally, they
demonstrated strong antibacterial and antiulcer action. There-
fore, conjugating curcumin with medicinal molecules may be a
creative way to increase its bioavailability and enhance its wide
range of pharmacological effects.
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