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ABSTRACT: Multidrug compounds are emerging as a new class of therapeutic agents with potent
pharmacological activities for a broad spectrum of diseases. In this study, physical stability, plasma stability,
cytotoxicity, superoxide anion radical scavenging activity and antimicrobial activity of four isomers (S)-3-
amino-1-((R)-2-hydroxy-2-phenylethyl)piperidine-2,6-dione(1),  (S)-3-amino-1-((S)-2-hydroxy-2-phenylethyl)
piperidine-2,6-dione(2), (R)-3-amino-1-((R)-2-hydroxy-2-phenylethyl)piperidine-2,6-dione(3), (R)-3-amino-1-
((S)-2-hydroxy-2-phenylethyl) piperidine-2,6-dione(4) were comparatively evaluated. The results demonstrated
that, the compounds (S)-3-amino-1-((R)-2-hydroxy-2-phenylethyl) piperidine-2,6-dione(1) and (S)-3-amino-1-
((S)-2-hydroxy-2-phenylethyl)piperidine-2,6-dione(2) manifested high physical stability and low cytotoxicity.
Further, these two compounds also exhibited good antimicrobial and superoxide anion radical scavenging
activities. Data showed that, the compound (R)-3-amino-1-((R)-2-hydroxy-2-phenylethyl) piperidine-2,6-
dione(3) is not a suitable drug molecule. Taken together, these results indicate that the compounds (S)-3-amino-
1-((R)-2-hydroxy-2-phenylethyl)piperidine-2,6-dione(1), (S)-3-amino-1-((S)-2-hydroxy-2-phenylethyl)
piperidine- 2,6-dione (2) and (R)-3-amino-1-((S)-2-hydroxy-2-phenylethyl) piperidine-2,6-dione(4) possess
multidrug favorable features like solubility, lipophilicity, permeability and plasma stability.
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I. INTRODUCTION

Natural products including extract from plants, animals, microbes and minerals play a remarkable role
in discovery of new drugs."® Recent technical advances reduce the hurdles in isolation, purification,
characterization of natural products from the source. Hence, the natural products become a rich source of
compounds for drug discovery.®® They possess enormous structural and chemical diversity, therefore, continue
to inspire novel discoveries in chemistry, biology and profoundly impacted in understanding of chemical
biology of the drug molecules in order to develop new therapy.®*°

Prolonged intake of drug causes faster resistance development and imposes significant burdens on
healthcare systems. This development of resistance to clinically used drug has increased the demand for
discovery of new chemical scaffolds with multi drug activity.***? Presently, there has been a renewed interest in
natural product research to overcome failure of alternative drug discovery methods to deliver many lead
compounds in key therapeutic areas.'® Recently, glutarimide alkaloids, Cordiarimides B is discovered as part of
a screening program designed to find new antioxidants from plant genus Cordia.** Structurally, Cordiarimide B
has piperidone ring system, with attached aromatic compound on nitrogen atom. It has two stereo centers,
hence, exists in four stereogenic isomers (figure 1). As a part of our interest in synthesis of new natural product
drugs, we have earlier reported mild and efficient enantio selective synthesis of Cordiarimide B isomers."® In
this paper, we are reporting the comparative physical and biological studies of four Cordiarimide B isomers to
evaluate their multidrug potentiality.
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Figure 1: Four stereogenic isomers

Il. FORCED DEGRADATION ASSAY

Forced degradation process which involves degradation of molecules at more severe conditions than
the accelerated conditions is a widely used method for studying the physical stability of drug compounds.
Hydrogen peroxide is used for oxidation of drug substances in forced degradation studies. The functional group
with labile hydrogen is susceptible to oxidation to form hydro peroxides, hydroxide or ketone. The compounds
1-4 were subjected to forced degradation studies in order to find their physical stability. Each compound was
accurately weighed to 10 mg and dissolved in a minimum amount of acetonitrile. The solution was made up to
10 mL by adding 3% hydrogen peroxide as per the requirement of the stress study™ so as to make the
concentration of the drug 1 mg/mL. The solutions were injected in triplicate using water—acetonitrile as mobile
phase and keeping the injection volume constant (2 pL). To assess precision, six injections of five different
concentrations (10, 20, 30, 40, and 50 pg mL ™) were made on the same day and intra-day precision was
determined as relative standard deviation. The forced-degradation study revealed that compound 3 quickly
degraded under oxidative stresses (figure 2).
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Figure 2: a) Chromatogram of a solution of compound 3. b) Chromatogram of oxidative
hydrolysis compound 3 after 24 hours of incubation at S0uM concentration.
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The specificity and selectivity of the method with the samples under these stresses were demonstrated
through the evaluation of Ry, and purity data for all peaks in the chromatograms. Compounds 1, 2 and 4 were
not degrading under oxidative stress conditions. The retention times (R+1) and purity of these drugs are given in
Table 1. The data reveals that the compound 1 and 2 were recovered with 99% and 98% respectively even after
24 hr exposure to stress condition. The compound 4 was recovered with 80 % purity .This study suggested that
compound 1 and 2 have greater physical stability and compound 4 has considerable physical stability in order to
be considered as drug molecules.

Table 1: Percentage recovery of compound 1-4 after oxidative degradation study
Time of exposure

Compound Concentration (uM) (hrs) % of recovery Mean (%)
10 24 994
20 24 99.2

1 30 24 98.9 99.2+0.2
40 24 99.5
50 24 99.1
10 24 98.3
20 24 99.0

2 30 24 97.9 98.3+0.8
40 24 98.4
50 24 98.3
10 24 2.0
20 24 47

3 30 24 31 48+0.6
40 24 54
50 24 9.1
10 24 75.9
20 24 79.5

4 30 24 76.3 778+0.8
40 24 78.4
50 24 79.3

I1l. PLASMA STABILITY ASSAY

A drug molecule with a functional group tends to be more susceptible to hydrolysis in blood plasma.
Therefore, plasma stability is very useful for screening of pro-drug compounds. Using HPLC method, the in
vitro stability of the compounds 1-4 was studied in human, and rabbit plasma. The plasma from different species
were diluted to 80% with 0.05 M PBS (pH 7.4) at 37°C. The reactions were initiated by the addition of the test
compounds to 1 ml of preheated plasma solution to yield a final concentration of 200 uM. The assays were
performed in a shaking water bath at 37°C and conducted in triplicate. Samples (50 pl) were taken at 0, 15, 30,
45, 60, 90 min and added to 200 ul acetonitrile in order to deproteinize the plasma. The samples were subjected
to vortex mixing for 1 min and then centrifugation at 4°C for 15 min at 14,000 rpm. The clear supernatants were
analyzed by HPLC coupled with mass spectrometry. The HPLC and mass spectroscopy profiles of the
compounds 1-4 in human plasma after and before incubation is shown in figure 3 and figure 4 respectively.
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Figure 3: Direct HPLC chromatograms of compound 1, 2 and 3 human plasma before (solid
line) and after (dot line) incubation.
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Figure 4: Mass spectra of compounds a) compound ], b) compound 2 and c) compound-3 recorded after
360min incubation in human plasma.

The stability profiles of the compounds 1-4 in human and rabbit plasma are shown in Figure 5. The analysis
revealed that, there is a significant difference in the stability of compounds in both human and rabbit plasma.
The compound 1 and 2 displayed longer stability in both plasma species. The compound 4 shows longer
stability in rabbit plasma. Compound 3 degraded quickly in both human and rabbit plasma thereby showing poor

stability.
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Figure 5: Stability profiles of the compounds 1-4 obtained in a) human and b) rabbit plasma.
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IV. INVITRO CYTOTOXICITY ASSAY

Although, high potency is an important factor in pharmacological design, one must also recognize the
huge gulf between a tightly bound inhibitor and a bio-available drug. Far too often, promising candidates are
abandoned during clinical trials. The compound which is set to become the drug molecule, undergoes safety
tests and a series of experiments to prove that it is absorbed in the blood stream, distributed to proper site of
action in the body, metabolized sufficiently and demonstrates its non-toxicity. Hence, we conducted the
cytotoxicity of compounds 1-4 on MCF7, HepG2 & VERO cells by the MTT (3-(4, 5-dimethyl thiazol-2yl)-2,
5-diphenyl tetrazolium bromide) assay. The cell lines were obtained from National Centre for Cell Sciences
Pune (NCCS).

To evaluate the cytotoxic activity, cells were cultured in Dulbecco's Modified Eagle's Medium
(DMEM) supplemented with 10% Fetal Bovine Serum (FBS), (100U) 20ug/ml penicillin, and 100 pg/mi
streptomycin. Incubation was carried out at 37 °C with an atmosphere of 5% CO,. After homogenization, 1 ml
of suspension was poured in each well of microtitre plate and kept in desiccator under 5% CO, atmosphere.
After two days of incubation, the cells were observed in inverted microscope. 0.05 ml of drug was dissolved in
4.95 ml of DMSO to get a working concentration of 1 mg/ml. The working concentration was prepared freshly
and filtered through 0.45 micron filter before each assay. Cells were incubated with different doses (1000 to
1.953 pg/ml) of compounds. After 24 hours of incubation, cell viability was determined by the MTT assay.

Compounds 1 and 2 induced cell cytotoxicity in a concentration dependent manner, compound 3 was
found to be toxic and failed to show concentration dependent cytotoxicity.. Compound 4 displayed moderate
cytotoxic activity compare to compounds 1 and 2. The results of cytotoxicity assay are presented in table 2.

Table 2: 1Cs, values of compound 1-4. (ICs, is the concentration at which 50% cell death occur).

HEP G2(ICs) MCF-7(1Cs) Normal VERO
Compound (ng/ml) (ng/ml) (ng/ml)
1 31.25 25.26 75.35
2 30.34 23.25 63.34
3 _ _ _
4 15.62 12.33 42.24

From experiential data it is suggested that, the compounds1, 2 and 4 are more toxic to cancer cells than
normal cells. Cogitating the overall citotoxic activity of tested compounds, it is suggested that, compounds 1 and
2 could be considered as potential anticancer drugs.

V. SUPEROXIDE ANION RADICAL SCAVENGING ACTIVITY

Antioxidants are characterized by their ability to scavenge free radicals. Proton radical scavenging
action is an important attribute of antioxidants, which is measured by superoxide anion radical scavenging
assay. Superoxide radical is known to be very detrimental to cellular machineries as they are precursor of other
reactive oxygen species and they cause lipid peroxidation leading to tissue destruction and several other
illnesses. Toxicity of superoxide depends on the capacity to inactivate iron-sulphur clusters containing enzymes
that are important in several metabolic pathways. Superoxide anion radical scavenging activity of compounds 1-
4 was measured using the NTB reduction assay as described by Nagulendran et al.** 3 ml of 16 mM Tris-HCI
buffer (pH 7.4), which contained 1 ml of 150 uM NBT and 1 ml of 234 uM reduced nicotinamide adenine
dinucleotide (NADH) was added to the test tubes containing various concentrations (10, 50 and100 pg) of
compounds 1-4. The reaction was initiated after addition of 1 ml of 40 uM phenazine methosulfate into the
reaction mixture and the tubes were incubated at 28+2°C for 5 min. After incubation, when the reaction mixture
had reached a stable colour, the absorbance was measured at 560 nm against a blank using UV-visible
spectrophotometer. Ascorbic acid was used as the standard. The concentration dependent superoxide anion
radical scavenging activity of the compound 1-4 is shown in figure 6 and the data is presented in table -3. The
result revealed that, compound 1 is a strong antioxidant agent, compounds 2 and 4 show weak antioxidant
activity. Comparatively compound 2 is better than compounds exhumed and compound 3 in antioxidant activity
even at the concentration of 100 ug
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concentrations

Table-3: Percentage of Superoxide anion radical scavenging activity: of the compounds 1-4 at different

Test of samples 10 pg 50 g 100 pg
1 0.8 24.0 40.0
2 0.8 184 28.0
3 1.6 8.0 16.0
4 0.0 9.6 15.2
Ascorbic acid 37.4 46.9 59.1

Superoxide scavenging assay
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Figure 6: % of superoxide scavenging assay

VI. ANTIMICROBIAL ACTIVITY

The growth of the microorganisms depends on the type of the nutrition they utilize. Some chemical
nutrients enhance the vegetative growth or reproductive growth. Resistance of pathogenic bacteria to available
antibiotics is rapidly becoming a major problem in the community and hospital based healthcare settings.
Microbial resistance towards the drug creates a very serious problem. Because of resistance development, many
drugs are not active which were very effective before. Moreover, the toxic effects produced by these antibiotics
are also reducing their significance. We examined the antimicrobial activity of the compounds 1-4 to explore
their potential multi drug nature.

The microbial strains used in present study were obtained from Institute of Microbial Technology
Department of Microbiology, Manasagangothri, Mysore. The bacterial cultures were Enterobacter aerogenes,
Escherichia coli, Klebsiella pneumonia and Bacillus cereus. Antimicrobial activity (zone of inhibition) of the
compounds 1-4 against the bacterial species was done by paper disc diffusion method. The compounds at the
concentration of 50 pg/mL in minimum quantity of methanol and water in the nutrient agar media were screened
for their antibacterial activity. The paper discs inoculated with bacteria were incubated for 24 hrs at 37°C. After
the incubation, the zone of inhibition produced by the test compounds was measured in mm. compound 1
showed maximum antibacterial activity for all the tested microorganisms (figure 7).

A: B.cereus
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C: K.pneumoniae

D:E. coli

Figure 7: Antimicrobial activity of compound 1-4 with different microorganisms

The screening tests were performed in triplicate and the results were taken as mean of determinations.
The results of antibacterial activity of the synthesized compounds is summarized in Table 4. Maximum
inhibition was obtained in B .cereus and E. coli with 12+++ and 14 +++ respectively for compound 1.
Similarly, compound 2 showed maximum inhibition zone with 12++ for E. coli, B. cereus and E. aerogenes.
The compound 3 and compound 4 showed restrained and minimum activity, respectively. More specifically,
compound 4 represented higher susceptibility to all bacterial strain compared to compound 3.

Table 4: Antimicrobial activity (zone of inhibition) of compound 1-4 against clinical pathogens

Test of samples B. cereus E. aerogenes E. coli K. pneumoniae
1 12+++ 10++ 14 +++ 10++

2 12++ 12++ 12++ 6+

3 6+ 8+ 6+ 8+

4 10++ 6+ 12+++ 12+++

Std** 22 28 22 28

Results are expressed as a mean of the three determinations (n=3)
** Std = chloramphenicol 10pg/disc

+++ = Good activity

++ = moderate

+ = poor activity

VII.RESULTS AND DISCUSSION

Interest in the pharmacological effects of bioactive compounds in treatments and prevention of multi
disease has increased dramatically over the past decade. Any new drug must have to possess physical as well as
in vitro stability and exhibit multi drug activities in various cells through different forms of cytotoxic effects
without exhibiting considerable damage to normal cells. Our observations on physical stability of compounds 1-
4 reveals that compound 3 has very poor physical and cellular plasma stability and also high cytotoxicity. This
study suggested that compound 3 is not a good candidate to become drug molecule. Compound 4 possesses
good physical stability, though shows moderate cellular plasma stability and cytotoxicity, hence compound 4 is
also not a good candidate to become a drug molecule. Compound 1 and 2 display very good physical as well as
cellular plasma stability and low cytotoxicity. Moreover, both the compounds 1 and 2 show good antioxidant,
anti microbial and anti cancer activities. Hence, these two compounds have all the potential characteristics to
become multi drug molecules. Hepatocellular carcinoma (HCC) is the third most common cause of cancer-
related deaths worldwide and about half a million individuals die from this disease annually. Similarly, breast
cancer is the second leading cause of cancer-related death in women. Thus, it is imperative to search for new
alternatives to breast cancer and HCC prevention agents. The study of inhibitory effect of compound land 2 on
breast cancer cells at different concentrations is under progress. The preliminary evidences obtained so far
suggest that compound 1 may be a potential chemotherapeutic or a chemo preventive agent based on its ability
to induce apoptosis in cancer cells with relatively low toxicity to normal cells. Further, studies with in vivo trials
need to be conducted to establish compounds 1 and 2 as safe agents for cancer therapy.
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VIIl. CONCLUSION

In conclusion, the present investigation of Compounds 1-4 for their physical stability, antioxidant, anti
microbial and anticancer activity may be of great use for the development of multi drug compound as a
therapeutic against various diseases for pharmaceutical industries. Compound 1 and 2 were found to be potent
multi drug molecules, as evident by their high physical and cellular plasma stability. A drug is considered to be
worthy of further testing if it has a therapeutic index value of 16 or greater. The present study found that the
therapeutic index value of 16 in MCF-7 cases of cancer lines for the compound 1 and 2. The results of the study
support the development of new antimicrobial and anti cancer drugs.
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