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ABSTRACT

Phenoxazines and its derivatives have shown dil®@osegical activities, but investigations on araiterial activity
are limited. In the present study antibacterialigities of the synthesized hexyl series compouhgd@noxazine
10-[6’-[N-Diethyl amino]hexyl]-2-chlorophenoxazing10D), 10-[6’-[N-Bis(hydroxyethylamino)hexyl]-2-arb
phenoxazine (11D), 10-[6-[N-Morpholinolhexyl]-2-drophenoxazine (12D), 10-[6’-[N-Piperidinolhexy§-
chlorophenoxazine (13D), 10-[6-[N-Pyrrolidino]lhefly 2-chlorophenoxazine (14D), 10-[6'-[Nsthydroxyethyl)
piperazino]-hexyl-2-chlorophenoxazine (15D) and [&BEN- Thiomorpholino]lhexyl]-2-chlorophenoxazined §D),
were studied by the well-diffusion method. Bactesich asKlebsialla sp., Bacillus sp., Proteus vulgaris,
Salmonella sp., Shigella flexneri, Staphylococawrgas, Streptococcus pneumoniaeg Vibrio cholerae were used
to investigate the antibacterial activities. No i@atterial activity was observed with 12D and 16Diles 15D
exhibited antibacterial activity against a few gtacteria. All other compounds (10D, 11D, 13D 44®) studied
exhibited significant antibacterial activities agat all the bacteria screened.
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INTRODUCTION

Pharmaceutical companies have been producing aemwhibew antibacterials in the last years; howenasistance
to these drugs has increased and has now becolobad goncern [1]. The global emergence of multigiresistant
(MDR) bacteria is limiting the effectiveness of mnt drugs and significantly causing treatmenufail[2]. Due to
the increase of resistance to antibiotics, theeegsessing need to develop new and innovativenéerobial agents.

Heterocyclic compounds continue to attract considler interest due to their diverse biological atiés.
Phenoxazines are a group of N-heterocyclic compshiading three ring structures with nitrogen anggex atoms
[3]. Phenoxazines and related compounds have slibvense biological activities such as tranquilizpts anti-
inflammatory [5], antimalarial [6], antipsychotrap[7], antiviral [8], antitubercular [9, 10], antihour [11, 12],
stimulation of the penetration of anticancer agetdshe blood-brain barrier [13] and multidrugistance reversal
activity [14]. They have also been found to prevaminan amyloid disorders [15] and to protect nearaells from
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death by oxidative stress [16]. They bind to phiggjical targets or receptors, producing many pdssitechanisms
of actions.

A slight variation in the substitution pattern dmetphenoxazine nucleus often causes a marked aifferin
activities and therefore phenoxazines with varieubstituents are being synthesized and testedctorities in
search of better medicinal agents. Thimmaiah gtL@t21] have reported the chemistry and biologwa ofumber of
N*-substituted phenoxazines synthesized originallynadulators of P-glycoprotein-mediated multidrugiseance
(MDR). It has been reported [22] that some pherimes inhibit intracellular replication of viruséscluding
human immunodeficiency viruses (HIV). Furthermoseme of these derivatives have been reported tiiexh
significant anticancer activities [23, 24] and amitirobial activities including antibacterial acties [25, 26]. Owing
to this great interest has arisen in the designsgnthesis of new phenoxazines to explore theiobioal activities.
In the present investigations hexyl series compeuoid phenoxazine have been studied for their actizl
activity.

EXPERIMENTAL SECTION

Phenoxazine derivatives

Hexyl series compounds of phenoxazine 10-[6’-[NtDyamino]lhexyl]-2-chlorophenoxazinel@D), 10-[6’-[N-
Bis(hydroxyl ethylamino)hexyl]-2-chlorophenoxazind1D), 10-[6’-[N-Morpholino]lhexyl]-2-chlorophenoxazine
(12D), 10-[6’-[N-Piperidino]hexyl]-2-chloro-phenoxazine (13D), 10-[6’-[N-Pyrrolidino]hexyl]- 2-
chlorophenoxazinel@D), 10-[6’-[N-(B-hydroxyethyl) piperazino]-hexyl-2-chlorophenoxazifi5D) and 10-[6’-[N-
Thiomorpholino]hexyl]-2-chlorophenoxazin&gD), were studied. The synthesis procedures of tbesgounds are
presented else where. The structures of these aomdpa@re presented in Table 1.

Table-1: Structures of the phenoxazine and its devatives used in the present studies

Cr,

Sl

No. Compounds Structure

1. 10-[6’-[N-Diethylamino]hexyl]-2-chloro-phenoxam (10D) : : : : ~c

/ CHZCH3
(CHz)e

CHZCH3
2. 10-[6’-[N-Bis(hydroxyethylamino)hexyl]-2-chlorphenoxazine (11D) (I D\
CH,CH,0H
/ 2 2
(CHp)g —N
Ch,CH,OH
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3. 10-[6’-[N-Morpholino]hexyl]-2-chloro-phenoxazin@2D)

]

(CHZ)G -

(CHz)e - >

4. 10-[6'-[N-Piperidino]hexyl]-2-chloro-phenoxazirf@3D) i : : i ¢

(CH2)s - N

5. 10-[6-[N-Pyrrolidino]hexyl]- 2-chloro-phenoxazé (14D)

o
6 10-[6'-[N-(b-hydroxyethyl)piperazino]-hexyl-2-chlorphenoxazine @
. N

(15D)

S\

LCHz)G - N—CH ,CH,0H

UL

7. 10-[6'-[N- Trimorpholino]hexyl]-2-chloro-phenozie (16D)

Antibacterial activity assay

The pure cultures of human pathogenic bacteria ssdflebsialla sp., Bacillus sp., Proteus vulgaris|rBanella
sp., Shigella flexneri, Staphylococcus aureus,pBtimccus pneumoniaand Vibrio cholerag were obtained from
the culture collection centre, Department of Midobbgy, J.S.S. Medical College, Mysore, India. Tivell-
diffusion method was used to screen the antibadtagtivity using Mueller Hinton Agar (MHA) obtaidefrom
Himedia (Mumbai). The MHA plates were inoculatedhwl x 16 cfu cultures of test bacteria. Agar cup of 5mm
diameter were made in the plates. 0.5 mg/ml, 1.0mhgl.5 mg/ml, 2.0 mg/ml, 2.5 mg/ml solutions dcdch
derivative were prepared using distilled water. B&@lume of each aqueous extract was introducedvirlls in
MHA plates already seeded with the standardizedllms (1x16 cfu/ml) of the test bacterial cells. 50u1 of
distilled water was introduced to one of the wsllcantrol. The compound was allowed to diffuseSaninutes and
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the plates were kept for incubation at 37°C foh2After incubation, inhibition zones formed arouhé wells were
measured with transparent ruler. Triplicates weaitained and the experiments were conducted twice.

RESULTS

Antibacterial activity of phenoxazine derivativegamst different human pathogenic bacteria is preskin Tables
2 - 6. The results of antibacterial studies of nesynthesized compounds reveal that the compoundsegs
significant antibacterial activities. Among the qomunds tested, 12D and 16D did not exhibit anybacterial
activity even at the maximum tested concentratib@.6mg/ml. Among those that exhibited antibacteaietivity

10D exhibited superior antibacterial activity followbgl 11D, 14D, 13D and 15D.

10-[6’-[N-Diethylamino]hexyl]-2-chlorophenoxazind @D) exhibited good antibacterial activity agaittst tested
bacterial strains at 0.5mg/ml, except pneumoniagvherein antibacterial activity was observed an®ml and
above. Best activity was observed agafBsaureudollowed byS. flexneriandalmost equal activity was observed
againstV. cholerae, P. vulgariand Klebsiella sp(Table 2). Compounds 11D, 14D and 13D showed acttbal
activity against all the tested bacteria at 0.5nmg@mcentration though the degree of activity vangth respect to
the type of bacteria. 10-[6’-[N-Bis(hydroxyethylam)hexyl]-2-chlorophenoxazine (11D) exhibited highactivity
againstS. flexnerifollowed by Salmonellasp, S. aureus, Bacillusp. and least activity was observed agafhst
pneumonigTable 3). 10-[6’-[N-Piperidino]hexyl]-2-chloropherazine (13D) showed comparatively better activity
againstSalmonellasp. andS. aureuswhile least activity was observed agaiitbsiellasp (Table 4). With respect
to 10-[6’-[N-Pyrrolidinolhexyl]- 2-chlorophenoxazin(14D), best antibacterial activity was observedirst P.
vulgarisfollowed bySalmonellasp. andV. cholerae Least activity was observed agaiSstaureugTable 5). Out of
five compounds tested, 10-[6’-[N-hydroxyethyl)piperazino]-hexyl-2-chlorophenoxaziig@s5D) was the least
active. This compound did not exhibit any antibeeteactivity againsKlebsiellasp.,P. vulgaris, S. aureuandV.
choleraeeven at the highest concentration tested of 2.5m@able 6). It showed reasonably good activityinga
Bacillussp. andSalmonellasp.

In general, the activity was dose dependent anédavith the type of compound and the organism. ddrapounds
exhibited similar level of antibacterial activitgainst both Gram-negative and Gram-positive bateri

Table-2: Antibacterial activity 10-[6’-[N-Diethylam inoJhexyl]- 2-chloro-phenoxazine (10D) against sonteuman pathogenic bacteria at
different concentrations

S| Human pathogenic bacteria [ Zone of inhibition (mm)]
N 0‘ Concentrations | Bacillus | Klebsiella | Proteus | Salmonella | Shigella | Staphylococcus | Streptococcus | Vibrio

) sp. sp. vulgaris sp. flexneri aureus pneumoniae | cholerae
1. Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. 0.5mg/ml 11.0 11.0 12.75 13.75 16.0 16.0 0.0 14.1
3. 1.0mg/ml 11.75 13.0 13.25 15.25 18.7p 18.5 0.0 052
4. 1.5mg/m 17.5 15.5 21.t 16.7¢ 20.7¢ 21.C 0.C 21.t
5. 2.0mg/m 18.C 18.7¢ 22.C 18.7¢ 22.C 24.% 11.C 22.C
6. 2.5mg/ml 19.25 21.25 22.25 195 24.75 25.0 11.75 22.6

Values are means of two experiments and each hwige replicates

Table-3: Antibacterial activity 10-[6'-[N-Bis(hydro xyethylamino)hexyl]- 2-chloro-phenoxazine (11D) agast some human pathogenic
bacteria at different concentrations

S| Human pathogenic bacteria [ Zone of inhibition (mm)
No‘ Concentrations | Bacillus | Klebsiella | Proteus | Salmonella | Shigella | Staphylococcus | Streptococcus | Vibrio

) sp. sp. vulgaris Sp. flexneri aureus pneumoniae | cholerae
1. Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. 0.5mg/ml 11.75 14.0 10.25 14.25 12.25 14.25 11.25 13.75
3. 1.0mg/ml 12.75 145 11.25 17.25 13.2p 14.75 81.7 14.75
4. 1.5mg/ml 14.75 155 14.25 18.5 15.25 17.75 13.5 15.45
5. 2.0mg/ml 16.25 16.0 14.75] 19.5 17.75 18.25 13.75] 16.25
6. 2.5mg/ml 19.75 17.0 18.25 21.5 23.0 21.25 14.0 16.75

Values are means of two experiments and each hvige replicates
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Table-4: Antibacterial activity 10-[6’-[N-Piperidin o]hexyl]- 2-chloro-phenoxazine (13D) against somaiman pathogenic bacteria at
different concentrations

S| Human pathogenic bacteria [ Zone of inhibition (mm)]
N 0‘ Concentrations | Bacillus | Klebsiella | Proteus | Salmonella | Shigella | Staphylococcus | Streptococcus | Vibrio

) sp. sp. wulgaris sp. flexneri aureus pneumoniae | cholerae
1. Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. 0.5mg/ml 9.75 10.5 12.0 12.75 9.5 14.0 10.0 10.76
3. 1.0mg/ml 10.25 11.0 14.25] 17.25 11.2p 14.5 12.0 12.0
4. 1.5mg/ml 11.25 11.75 15.25 19.75 12.0 17.0 13.5 135
5. 2.0mg/ml 12.25 12.25 16.25 20.5 12.2p 17.75 84.2 145
6. 2.5mg/ml 13.75 13.25 17.25 22.0 13.75 20.25 15.0 170

Values are means of two experiments and each hvige replicates

Table-5: Antibacterial activity 10-[6’-[N-Pyrrolidi no]hexyl]- 2-chloro-phenoxazine (14D) against somiman pathogenic bacteria at
different concentrations

S| Human pathogenic bacteria [ Zone of inhibition (mm)]
NO‘ Concentrations | Bacillus | Klebsiella | Proteus | Salmonella | Shigella | Staphylococcus | Streptococcus | Vibrio
) sp. sp. wulgaris sp. flexneri aureus pneumoniae | cholerae
1. Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. 0.5mg/ml 10.75 15.25 10.75 10.75 16.0 15.75 11.0 13.25
3. 1.0mg/ml 11.75 17.0 15.0 17.75 16.2b 17.75 13.0| 16.75
4. 1.5mg/m 15.C 17.% 16.7¢ 18.C 18.2¢ 19.2¢ 15.5 18.2¢
5. 2.0mg/m 19.2¢ 19.7¢ 22.2¢ 21.( 19.2¢ 19.5 17.7¢ 21t
6. 2.5mg/ml 20.25 21.5 24.5 23.0 20.0 18.5 21.75 22.75

Values are means of two experiments and each kwigle treplicates

Table-6: Antibacterial activity 10-[6’-[N-(b-hydrox yethyl)piperazino]-hexyl-2-chloro-phenoxazine (15Dagainst some human pathogenic
bacteria at different concentrations

S| Human pathogenic bacteria [ Zone of inhibition (mm)]
NO‘ Concentrations | Bacillus | Klebsiella | Proteus | Salmonella | Shigella | Staphylococcus | Streptococcus | Vibrio

) sp. sp. vulgaris sp. flexneri aureus pneumoniae | cholerae
1. Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. 0.5mg/ml 11.0 0.0 0.0 11.75 11.25 0.0 9.5 0.0
3. 1.0mg/ml 15.0 0.0 0.0 12.0 14.75 0.0 12.0 10.p
4, 1.5mg/ml 17.5 0.0 0.0 12.75 15.0 0.0 12.75 12.
5. 2.0mg/ml 18.25 0.0 0.0 13.0 16.2§ 0.0 13.0 135
6. 2.5mg/ml 19.5 0.0 0.0 13.75 17.0 0.0 135 14.Q

Values are means of two experiments and each hwigle replicates

DISCUSSION

Phenoxazine derivatives are known to have bioldgictvities including antibacterial activity. liné present work,
antibacterial activity of seven phenoxazine denxst was studied. Out of seven phenoxazine deviegtiested five
derivatives exhibited significant antibacterial igity. Similar antibacterial activity of a few othghenoxazine
derivatives have been reported [25-32].

The antibacterial antibiotics and alkaloids prodlbg actinomycetes are known to possess phenoxakéieton in
them [32, 33]. This indicates that the phenoxazpsent ring is essential for antibacterial chandsties.
Phenoxazine derivative was reported to cause sawerphological changes such as membrane blebbidg an
formation of hollows inHelicobacter pylori,in addition to induction of heat shock protein &(l. these features
seem to contribute for antibacterial activity agaill. pylori [26]. Phenoxazine derivatives were reported to
interchalate with DNA base pairs resulting in DNo&$ [34, 35] leading to their biological activity.

Ability of drugs to bind to plasma protein when yhenter into blood plasma system of organism igralamental
factor in determining the overall pharmacologicetivaty of a drug. Such drug-protein complexes raéemination
of drug from metabolism and thereby prolongingeRkposure to drugs. The drug-albumin interacticanialyzedn
vitro by their ability to bind with bovine serum albumifhe phenoxazine derivatives were reported tobéxhi
significant binding properties with bovine seruntwahin [19-21] which make them good candidates faman
disease treatment.
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CONCLUSION

The hexyl phenoxazine derivatives presented sigaifi antibacterial activitin vitro, arising as good candidates for
further studies.
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