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Abstract
A series of 15 previously reported N4-substituted isatin-3-thiosemicarbazones 3a-o has been screened for cytotoxic,
antibacterial, antifungal and urease inhibitory activities. Compounds 3b, 3e and 3n proved to be active in cytotoxicity assay;
3e exhibited a high degree of cytotoxic activity (LD50 ¼ 1.10 £ 1025 M). Compound 3h exhibited significant antibacterial
activity against B. subtilis, whereas compounds 3a, 3k and 3l displayed significant antifungal activity against one or more fungal
strains i.e. T. longifusus, A. flavus and M. canis. In human urease enzyme inhibition assay, compounds 3g, 3k and 3m proved to
be the most potent inhibitors, exhibiting relatively pronounced inhibition of the enzyme. These compounds, being non-toxic,
could be potential candidates for orally effective therapeutic agents to treat certain clinical conditions induced by bacterial
ureases like H. pylori urease. This study presents the first example of inhibition of urease by isatin-thiosemicarbazones and as
such provides a solid basis for further research on such compounds to develop more potent inhibitors.
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Introduction

Thiosemicarbazones are a class of compounds, which

has been found to possess a wide spectrum of

medicinal properties [1]. Isatins-derived thiosemicar-

bazones have also been found to possess a variety of

physiological properties including antibacterial, anti-

fungal, antineoplastic, antiulcer, antiviral and enzy-

matic inhibition [2,3]. As a result of the significant

pharmacological effects of isatins-thiosemicarbazones,

there is an increasing interest in synthesizing and bio-

testing of these derivatives [4–10]. Prompted by this

and in continuation of our earlier work [11–15] in

search of medicinally important organic and metallo-

organic compounds, we reported very recently [16] the

synthesis of a series of 15 N4- substituted isatin-3-

thiosemicarbazones based on the reactions of methyl

2-(2-oxo-1,2-dihydro-3H-indol-3-ylidene)-1-hydrazi-

necarbodithioate (a common intermediate, prepared

by condensing isatin with methyl 1-hydrazinecarbo-

dithioate) with the readily available amines in

essentially a one-step reaction (Scheme 1). Since a

few of these compounds as reported earlier by other

workers have shown good antiviral activity [17,18], it

was considered worthwhile to study their other

potential aspects such as cytotoxic, antibacterial,

antifungal and enzymatic activities, particularly the

urease inhibitory activity. During random screening of

the organic compounds prepared in our laboratories,

we found that isatins-thiosemicarbazones can inhibit
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this enzyme. To the best of our knowledge, this series of

compounds has been scarcely investigated previously

for their activity against urease, a nickel-dependent

metallo-enzyme, the primary environmental role

of which is to allow organisms to use external and

internally generated urea as nitrogen source [19]. In

plants, urease may also participate in the systemic

nitrogen transport pathways and possibly act as a

defense protein [20]. Nickel-dependent ureases are

found in a wide array of different organisms, many have

been isolated from various bacteria, fungi and higher

plants. Ureases and urea catabolism may also have

more practical uses. In an agricultural setting, rapid

hydrolysis of urea (the most widely used nitrogen

fertilizer in the world) by soil bacterial ureases results

in unproductive volatilization of nitrogen and may

cause ammonia toxicity or alkaline-induced damage to

germinating seeds, seedlings and young plants [21–

24]. Urease inhibitors have been proposed to control

urea hydrolysis in soil [19,25–30]. In particular,

phosphoroamides have received considerable atten-

tion as urease inhibitors [28,30]. Nonetheless, the

efficiency of the presently available inhibitors is low,

and negative effects on the environment have been

reported [19,31]. Medically, bacterial ureases are

important virulence factors. Various bacterial ureases

have been implicated in the pathogenesis of many

clinical conditions such as pyelonephritis, ammonia

and hepatic encephalopathy, hepatic coma, urinary

catheter encrustation, peptic ulceration, and are

directly associated with the formation of infection-

induced urinary stones [19,31,32]. Various urease

inhibitors such as hydroxamic acids may be an answer

for treatment of the listed conditions. However, early

studies [19,32–34] show adverse side effects, which

include depressed bone marrow biosynthesis, inhi-

bition of DNA synthesis, and high doses have been

shown to be teratogenic. Therefore, studies on the

synthesis of more potent and safe urease inhibitors

continue to be of considerable interest. It has been

unambiguously proved by spectroscopic studies that

hydroxamic acids are good metal chelators and their

mechanism of inhibition involves binding to the metal

ions of the active site of enzyme. Nevertheless,

regardless of the class of the compounds, it is reported

[35] that only a few functional groups with electro-

negative atoms such as oxygen, nitrogen and sulphur

act either as bidentate, tridentate, or as ligand chelator

to form octahedral complexes with two slightly

distorted octahedral nickel atoms of the enzyme.

Scheme 1. Synthesis of tilte compounds.
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These observations stimulated our interest to study the

urease inhibitory activity of the synthesized isatin-

thiosemicarbazones (derivatives of thiourea, a sub-

strate-like urease inhibitor) as they might act as

chelating agents coordinating through imino nitrogen,

carbonylo oxygen and thiolato sulphur atoms. The

present article, therefore, describes the cytotoxic,

antibacterial, antifungal and more particularly urease

inhibitory properties of these compounds.

Meterials and methods

General

All reagents and solvents were used as obtained from

the suppliers or recrystallized / redistilled as necessary.

The isatin-thiosemicarbazones were synthesized

by treating methyl 2-(2-oxo-1,2-dihydro-3H-indol-3-

ylidene)-1-hydrazinecarbodithioate with the readily

available amines. The details of the reactions along

with the physical, analytical and spectral data were

reported elsewhere [16]. In vitro biological testing of

the synthesized compounds was made at the Depart-

ment of Chemistry, The Islamia University of

Bahawalpur, Pakistan and H.E.J. Research Institute

of Chemistry, International Center for Chemical and

Biological Sciences, University of Karachi, Pakistan.

Biological testing

Cytotoxicity (in vitro). Brine shrimp (Artemia salina

leach) eggs were hatched in a shallow rectangular plastic

dish (22 £ 32 cm) filled with artificial sea water, which

was prepared with a commercial salt mixture (Instant

Ocean, Aquarium System, Inc., Mentor, Ohio, USA)

and double-distilled water. An unequal partition was

made in the plastic dish with the help of a perforated

device. Approximately 50 mg of eggswere sprinkled into

the large compartment, which was darkened, while the

smaller compartment was opened to ordinary light.

After two days, nauplii were collected by a pipette from

the lighted side. A sample of the test compound was

prepared by dissolving 2 mg of each compound in 2 mL

of methanol. From this stock solution, 500, 50 and 5mL

were transferred to 9 vials, three for each dilution, and

one vial was kept as control having 2 mL of methanol.

The solvent was allowed to evaporate overnight. After

two days, when shrimp larvae were ready, 1 mL of sea

water and 10 shrimps were added to each vial (30

shrimps/ dilution) and the volume was adjusted with sea

water to 5 mL per vial. After 24 h, the number of

survivors was counted. Data were analyzed by a Finney

computer program to determine the LD50 values [36].

Antibacterial activity (in vitro). The disc diffusion

technique was adopted to determine the antibacterial

activity of the test compounds [37]. The test

compounds 3a-o were dissolved in DMSO to get

10 mg/mL solution. A known volume (10mL) of the

solution was applied with the help of a micropipette on

to the sterilized filter paper discs. The discs were dried

at room temperature overnight and stored in sterile

dry containers. Discs soaked with 10mL of DMSO

and dried in air at room temperature were used as the

negative control. The standard antibiotic discs used as

positive control were either purchased from

manufacturer or prepared as above in the laboratory

by applying a known concentration of the standard

antibiotic solution. Bacterial cultures were grown in

nutrient broth medium at 378C overnight and spread

on to solidified nutrient agar medium in Petri plates

using sterilized cotton swabs in standard micro-

biological working environment. Test and control

discs were then applied to the solidified medium

surface with the help of sterilized forceps. The plates

were incubated at 378C for 12-15 h. The results were

recorded by measuring the zone of inhibition in mm

against each compound. As reference compound,

sparaxin was used and the experiments were carried

out in triplicate and the values obtained were

statistically analyzed.

Antifungal activity (in vitro). Antifungal activities of all

the compounds were studied against six fungal

cultures. Sabouraud dextrose agar (Oxoid,

Hampshire, England) was seeded with 105 cfu mL21

fungal spore suspensions and transferred to petri

plates. Discs soaked in 20mL (200mg / mL in DMSO)

of all the compounds were placed at different positions

on the agar surface. The plates were incubated at

27–298C for seven days. The results were recorded

[38] as zone of inhibition (mm) and compared with

standard drugs, miconazole and amphotericin B.

Urease inhibitory activity (in vitro). Urease inhibitory

activity of the synthesized compounds 3a-o was

determined by a modified Berthelot (phenol-

hypochlorite) method [39]. Briefly, one unit of the

Human urease (Gesellschaft für Biochemica und

Diagonistica mbH, Germany) in 200mL of the

reagent 1 (120 mmol phosphate buffer pH 7.0,

60 mmol sodium salicylate, 5 mmol sodium

nitroprusside and 1 mmol EDTA/L) was mixed with

600mL of phosphate buffer and activated at 258C for

10 min. This was followed by addition of 20mL of the

test solution containing 0.01mM - 100mM of the test

compound in DMF. DMF (20mL) tested alone as a

control did not have any inhibitory effect on the activity

of the enzyme. The mixture was allowed to stand for

10 min to allow for interaction of the test compound

with the enzyme. In order to achieve a final

concentration of 1.5 mM urea per reaction, 150mL of

20 mM urea in phosphate buffer (pH 7.0) was then

added to each reaction mixture except the calibration

H. Pervez et al.850
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mixture, where the same volume of the phosphate

buffer alone was added. The urea-blank mixture

was used to normalize against OD contribution by

the test compound itself. The reaction mixture was

incubated for an additional 10 min at 258C to

accomplish urea hydrolysis. The reaction was stopped

by adding 1 mL of the reagent 2 (120 mmol phosphate

buffer pH , 13 and ,0.6 g hypochlorite / L). The

ammonia liberated was allowed to complex with the

hypochlorite and salicylate for 25 min and estimated by

taking absorbance at 578 nm. Results were compared

with thiourea, a standard inhibitor of urease. The

percentage inhibition was calculated as the difference

of absorbance values with and without the test

compounds [40].

Results and discussion

The present work describes the in vitro determination

of the cytotoxic, antibacterial, antifungal and urease

inhibitory effects of 15 N 4-substituted isatin-3-

thiosemicarbazones 3a-o, the synthesis of which has

been reported elsewhere [16].

Cytotoxicity (in vitro)

The synthetic isatin-thiosemicarbazones 3a-o were

tested for their cytotoxic effects by the brine

shrimp bioassay. From the data obtained, it is evident

that only three compounds of this series i.e. 3b, 3e and

3n displayed promising cytotoxicity (LD50 ¼ 1.10 £

1025 M 2 2.52 £ 1024 M) against Artemia salina.

The remaining compounds gave values of LD50 .

2.67 £ 1024 M 2 3.38 £ 1024 M in this assay and,

therefore, can be considered to be almost inactive. It

may be noted that compound 3e with a methoxy

substituent at the ortho position of the phenyl ring

showed maximum activity (LD50 ¼ 1.10 £ 1025 M)

and, therefore, proved to be the most potent

compound in the present series. Next potent was 3b

(LD50 ¼ 8.10 £ 1025 M) having methyl substituent

at the ortho position of the phenyl ring. Compound 3n

with a nitro substituent at the meta position was found

to be less potent, giving value of LD50 ¼ 2.52 £ 1024

M. These structure-activity relationships may serve as

a basis for further chemical modifications directed

towards the development of certain cytotoxic agents of

clinical application.

Antibacterial activity (in vitro)

Antibacterial activity of the compounds 3a-o was

tested against four Gram-negative (Escherichia coli,

Pseudomonas aeruginosa, Salmonella typhi, Shigella

flexneri) and two Gram-positive (Bacillus subtilis,

Staphylococcus aureus) bacterial strains (Table I) at

10 mg/mL in DMSO. The results indicate that our

compounds are, in general, weakly or moderately

active. Only one compound i.e. 3h, out of the fifteen

compounds tested, showed significant antibacterial

activity against B. subtilis. Overall, this compound

proved to be the most active one. The findings also

indicated that compounds 3a and 3h exhibited a

better antibacterial profile than the remainder.

Antifungal activity (in vitro)

The synthetic compounds 3a-o were also screened for

their antifungal activity against Trichophyton longifusus,

Aspergillus flavus, Candida albicans, Microsporum canis,

Fusarium solani and Candida glabrata (Table II) at

200mg/mL in DMSO. Of these, compounds 3a, 3d, 3k

Table I. Antibacterial activity (in vitro) of compounds 3a-o*,** (zone of inhibition in mm).

Microbial species

Gram-negative Gram-positive

Compounds E. coli P. aeruginosa S. typhi S. flexneri B. subtilis S. aureus

3a 00 00 13 00 15 07

3h 10 00 08 00 24 07

Sparaxin 27 48 28 25 36 33

* Disc content 100mg; ** all others were weakly or moderately active against one or more strains; 00: absence of measurable inhibitory action.

Table II. Antifungal activity (in vitro) of the compounds 3a-o*,** (% inhibition).

Microbial species

Compounds T. longifusus C. albicans A. flavus M. canis F. solani C. glabrata

3a 65 00 00 85 00 00

3d 00 00 40 00 00 00

3k 70 00 85 80 00 00

3l 90 00 00 00 10 00

* Concentration used 200mg/mL of DMSO; ** all others inactive.
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and 3 l were found to be active against one or more

selected fungi, exhibiting a range of inhibition

(10–90%). Compound 3a with no substituent at

the phenyl ring displayed 65% inhibition against

T. longifusus and 85% inhibition against M. canis.

Among the compounds 3b-d having methyl substitu-

ents at the different positions of the phenyl ring, only

compound 3d with a para substituent was found to be

active exhibiting 40% inhibition ofA. flavus. In the case

of chloro compounds 3k-m, variation in activity was

observed with the position of the chloro group at the

phenyl ring. Compound 3khaving a chloro group at the

ortho position of the phenyl ring displayed 70%, 85%

and 80% inhibition of T. longifusus, A. flavus and

M. canis, respectively. Similarly, compound 3 l with

chloro group at the meta position of the phenyl ring

exhibited 90% inhibition of T. longifusus; however, it

was totally inactive against the other fungi viz. A. flavus

and M.canis. Nevertheless, it displayed 10% inhibition

of F. solani. To the contrary, compound 3m having a

chloro substituent at theparaposition of the phenyl ring

was found to be completely inactive against all these

four fungal strains. Conclusively, three out of the four

active compounds showed significant activity against

one or more fungi, thus demonstrating the potential

of isatins-thiosemicarbazones to be developed as

antifungal agents. Therefore, the negative findings or

exhibition of weak or moderate activities against certain

selected fungi in the present assay do not preclude

from further investigations of these compounds against

other fungi.

Urease inhibitory activity (in vitro)

All the synthetic thiosemicarbazones 3a-o were

further screened for their Human urease inhibitory

potential. Of these, compounds 3c-o were found to

exhibit varying degree of inhibitory effect at one or

more tested concentrations. Compounds 3e, 3k and

3 l inhibited the activity of the enzyme at all the tested

concentrations (100, 10, 1, 0.1 and 0.01mM). Next

to these were compounds 3 g, 3m and 3f, 3o, which

inhibited the activity of the enzyme at four (100, 10, 1,

0.1mM) and three (100, 10, 1mM) concentrations,

respectively. Similarly, compounds 3c, 3h-j and 3d, 3n

displayed inhibitory effect at only two (100, 10mM)

and one (100mM) concentrations, respectively

(Table III). Overall, compound 3 g having methoxy

substituent at para position and 3k and 3m with

chloro substituents at ortho and para positions of the

phenyl ring proved to be the most potent inhibitors in

the present series, as they exhibited relatively much

greater activity at greater number of tested concen-

trations. However, the percentage of inhibition was

not linear with the concentration of the compounds.

Ureases obtained from different sources contain, in

addition to the nickel metal, one to three protein

subunits present in varying stoichiometric ratios [32].

A urease inhibitor can, therefore, interact either with

the metal or the protein component to interfere with

the enzyme activity. Sulfenamide group, for example,

has been reported to inhibit activity of the H. pylori

urease by interacting with the SH group present in its

protein components [41,42]. A wide variety of

mechanisms including competitive, non-competitive,

un-competitive or cooperative binding are known to

be involved in the interaction of an inhibitor with an

enzyme. Although, the exact mechanism of urease

inhibition by our test compounds 3c-o is not known, it

is intriguing to investigate detailed kinetics of such

interaction. These compounds could employ a

mechanism of action by exploiting a common

transition catalysis state and acting as ligand chelators

to form octahedral complexes with the two slightly

distorted octahedral Ni ions of the enzyme. Further,

since the average plasma concentration of any drug is

Table III. Inhibition of Human urease by compounds 3a-o.

Compounds

Inhibition at 100mM

(% ^ SD)

Inhibition at 10mM

(% ^ SD)

Inhibition at 1mM

(% ^ SD)

Inhibition at 0.1mM

(% ^ SD)

Inhibition at 0.01mM

(% ^ SD)

3a NA NA NA NA NA

3b NA NA NA NA NA

3c 13.980 ^ 2.660 3.608 ^ 1.210 NA NA NA

3d 7.588 ^ 0.056 NA NA NA NA

3e 12.854 ^ 1.074 10.752 ^ .0781 9.458 ^ 0.082 7.680 ^ 0.010 1.051 ^ 0.012

3f 11.971 ^ 1.600 5.683 ^ 0.083 4.836 ^ 0.082 NA NA

3g 28.670 ^ 0.066 23.780 ^ 0.031 14.037 ^ 0.063 9.86 ^ 0.095 NA

3h 18.852 ^ 0.039 1.640 ^ 0.094 NA NA NA

3i 12.278 ^ 0.150 3.550 ^ 0.015 NA NA NA

3j 15.358 ^ 0.055 3.665 ^ 0.028 NA NA NA

3k 43.660 ^ 0.021 39.480 ^ 0.035 36.425 ^ 0.017 34.502 ^ 0.009 29.072 ^ 0.890

3l 15.495 ^ 0.029 8.330 ^ 1.700 6.901 ^ 2.580 4.948 ^ 1.640 1.302 ^ 0.450

3m 25.581 ^ 0.047 19.121 ^ 0.059 18.062 ^ 0.047 12.015 ^ 1.360 NA

3n 6.278 ^ 0.080 NA NA NA NA

3o 25.581 ^ 0.095 11.085 ^ 0.085 8.527 ^ 0.040 NA NA

NA: No inhibitory activity.
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about 5mg/mL, our antiurease compounds having no

cytotoxicity are potential candidates for orally effective

therapeutic agents to be used for the treatment of

certain clinical conditions introduced by different

microorganisms like H. pylori.

In conclusion, the present investigations suggest that

only three compounds of the series showed cytotoxic

effect. Also, most of the compounds of the present

series displayed weak to moderate activity against

certain tested bacterial strains and only a few have

shown significant antifungal activity against one or

more selected fungi. The negative findings or display of

weak and moderate activities, however, do not exclude

from further investigations of these compounds against

other microbial species. Further, structure-activity

relationship studies may serve as a basis for chemical

modifications directed towards the development of

potential bioactive compounds of clinical interest.

In the enzyme-inhibition assay, thirteen out of fifteen

tested compounds demonstrated maximum urease

inhibitory activity at the highest tested concentration

(100mM). A few of them proved to be potent

inhibitors and could be potential candidates for orally

effective therapeutic agents to treat certain clinical

conditions caused by microbial ureases. Although the

efficiency of these compounds is not high, to the best of

our knowledge, this is the first example of inhibition of

this enzyme by isatin-derived thiosemicarbazones.

The present study provides a solid basis for further

research on such compounds as urease inhibitors.

Extensive studies to elucidate mechanism are required

to contribute to a better understanding of the

mechanism of action of these compounds.
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