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ABSTRACT

Isatin itself is an endogenous oxidized indole with a wide spectrum of behavioral and metabolic effects. It has a
distinct and discontinuous distribution in the brain, peripheral tissues and body fluids and isatin binding sites are
widely distributed also. Its output is increased during stress. Its most potent known in vitro actions are as an
antagonist of atrial natriuretic peptide (ANP) function and NO signaling. Are versatile substrates which act as a
precursor for large number of pharmacologically active compounds, thus having a significant importance in the
synthesis of different heterocyclic compound. Isatin shows variety of biological activities such as antimicrobial,
anticancer, antiviral, anticonvulsant, anti-inflammatory and analgesic.

KEYWORDS: Isatin, metabolic effects, antimicrobial, anticancer, antiviral, anticonvulsant, anti-inflammatory

and analgesic.

INTRODUCTION

Endogenous compounds are often used as a basis, or
structural component, of pharmacological preparations.
For example indirubin is the active ingredient of
Danggui Longhui Wan, a mixture of plants that is used in
traditional Chinese medicine to treat chronic diseases
(Hoessel et al 1999) and also individual Chinese
medicinal herbs Isatis indigotica and Strobilanthes cusia
(Mak et al 2004).

Peptide signaling system

The natriuretic peptides are a family of related
compounds, including atrial natriuretic peptide (ANP),
brain natriuretic peptide (BNP), and C-type natriuretic
peptide (CNP). These peptides and their receptors
represent an important regulatory system (Anand-
Srivastava and Trachte 1993; Potter et al 2006), involved
not only in the regulation of fluid homeostasis and blood
pressure, but also into regulation of emotional behavior
(eg, anxiety and arousal) and in altered stress hormone
release and autonomic nervous System activation
(Wiedemann et al 2000). Natriuretic peptides interact
with three types of membrane receptor. Two of them,
natriuretic peptide receptor type A (NPR-A) and
natriuretic peptide receptor type B (NPR-B), are
transmembrane  glycoproteins  exhibiting  ligand-
dependent intrinsic guanylyl cyclase activity (Anand-
Srivastava and Trachte 1993; Silberbach and Roberts
2001; Misono 2002; Trachte 2005; Potter et al 2006).
ANP and BNP bind preferentially to NPR-A, whereas
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CNP exhibits much higher affinity for NPR-B. The third
receptor, natriuretic peptide receptor type C (NPR-C),
lacks the cyclase domain and binds all three peptides.
NPRC receptors are coupled to adenylyl cyclase
inhibition through inhibitory guanine nucleotide-
regulating protein (Anand-Srivastava and Trachte 1993;
Silberbach and Roberts 2001; Misono 2002; Trachte
2005; Potter et al 2006). Isatin inhibited [1]JANP binding
to guinea pig cerebellar membranes (Glover et al 1995)
and the ICg, of 0.4 pM is within the lower limit of the
physiological range of isatin concentrations (0.3-1.3
uM). ANP and CNP inhibited [3H]isatin-binding to rat
brain sections and isolated membrane fractions and the
ICsy value for the ANP effect (0.2 uM) (Medvedev,
Crumeyrolle-Arias et al 2005) was very close to the
corresponding effect of isatin on ANP binding. Isatin
also inhibited rat brain particulate guanylyl cyclase
activity stimulated by ANP and BNP (Medvedev et al
1998). This suggests the involvement of NPR-A.
Recently, it has been reported that isatin in situ blocks
the effect of ANP on hyperpolarization-activated current
in human atrial myocytes involving cyclic GMP
signaling (Lonardo et al 2004). The latter provides
further experimental evidence for isatin interaction with
NPR-A. Isatin administration blocked cyclic GMP
excretion under conditions of fluid overload, which is
known to induce endogenous ANP release (Medvedev et
al 2001). This provides evidence that isatin can
antagonise NPR-A signaling in vivo. Indeed perfusion
with 10 puM isatin administration aborted the protective
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effect of atrial natriuretic peptide administered just prior
to reperfusion evaluated by limited infarction in rabbit
hearts (YYang et al 2006). Isatin administration has been
shown to block cyclic GMP excretion under conditions
of fluid overload, which is known to induce endogenous
ANP release (Medvedev et al 2001). This provides
further evidence that isatin can antagonise NPR-A
signaling in vivo. At high concentrations (100 uM) isatin
may also inhibit natriuretic peptide signaling associated
with NPR-C (Medvedev, Crumeyrolle-Arias et al 2005).
This is consistent with isatin inhibition of ANP, BNP and
CNP-induced behavioral effects (Bhattacharya et al
1996a, 1996b; Telegdy et al 2000; Pataki et al 2000),
because the three major natriuretic peptides only act in
common at one type of natriuretic peptide receptor type
C, NPR-C (Anand-Srivastava and Trachte 1993;
Silberbach and Roberts 2001; Misono et al 2002; Potter
et al 2006). Potter et al (2004) have reported that
pretreatment with isatin (100 pg bilaterally) abolished
the effect of bremazocine, a x-opioid receptor agonist,
causing enhanced total outflow facility by enhancing
levels of natriuretic peptide (ANP, BNP, CNP) in
aqueous humor. This is further evidence suggesting that
isatin antagonizes natriuretic peptide receptors in situ and
in vivo.

Biological Function of Isatin

Isatin was identified as major constituent of tribulin, it is
a low- molecular-weight inhibitor of Monoamine
Oxidase Type-B (MAO-B).? If urinary concentration of
isatin is increased in patients it is considered as the
diagnostic marker of Parkinson’s disease and severity of
the disease. Isatin plays an important role in the
regulation of acetylcholine (Ach) in brain by increasing
the level of Dopamine (DA) under stress.®*! Tribulin
contains metabolites of isatin®, but physiological and
pathological roles of isatin and tribulin are yet not clear.
Due to exercisel® and old age!” tribulin levels are found
to be increased in humans. Tribulin excretion in human
is found to behigher in females than males.”® Tribulin
appears to be enhanced in different conditions such as
stress, agitation, or anxiety. Thus these observations
represents that during the  stress, activated
catecholamine-synthesizing cells and corticotropin-
releasing factor cells involved in isatin production®
plays central roles in stress responses. Tribulin acts on
central benzodiazepine receptors, and hence suggested to
be an anxiety-promoting agent.’” The potency of
tribulin as mono amino oxidase (MAO inhibitory) and
benzodiazepine-receptor-binding inhibitors isfound to be
roughly equal.™! It is found to be a selective MAO-B
inhibitor. At much higher concentrations, it may also
inhibit other enzymes, such as alkaline phosphatase.™*?
Tribulin is obtained byextraction from the tissue and
body fluids with ethyl acetate. It has been suggested that
dietary tryptophan can be converted into an indole by the
gut flora and then transported to the liver where it is
oxidized.
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Mode of action of Isatin

Kumar et al.(1988)"% suggested that isatin inhibits
acetylcholine esterase (AChE) activity in rat brain. The
physiological role of isatin is to regulate acetylcholine
(ACh) levels in the rat brain, the levels of ACh, choline
(Ch), and DA in rat tissues after 2 h of administration (50
or 200 mg/kg, i.p.) was further elucidated , according to
it ACh and Ch levels in the striatum receiving isatin
increased significantly."™® In other words, at a single
dose isatin simultaneously increased the ACh and DA
levels in the WKY striatum. In vitrostudy suggests that,
isatin induced an approximate 93% inhibition of MAO
and a 5% inhibition of AChE in the rat brain which can
be concluded as isatin has a higher affinity for MAO
than AChE. Isatin administration also increased Ch, an
AChE metabolite of ACh, in many brain regions. These
results suggested that isatin increased ACh levels not by
inhibiting AChE activity but rather by affecting another
pathway.™! It affects the central nervous system. Isatin
has been shown to inhibit a number of enzymes in
various tissues, such as acid phosphatase™!, alkaline
phosphatase, and xanthine oxidase, hyaluronidase [16] as
well as MAO. In a variety of tests isatin are found to
have antiseizure activity!™”, it also enhances the
antiseizure action of propranolol™®; and its physiological
effects protect against stress and certain infections.
Yuwiler®® also found that isatin can acts as
benzodiazepine blocker. The most potent action of isatin
is the inhibition of the atrial natriuretic peptide (ANP)
binding to its receptor. Isatin attenuates ANP-stimulated
guanylatecyclase activity in the rat brain, heart, and
kidney.® Recently it was also suggested that the
anxiogenic effect of isatin can be explained by its
antagonism of ANP. lIsatin and derivatives display
diverse pharmacological activities. The biological and
pharmacological properties of isatin and its derivatives
have led to extensive use of these compounds as key
intermediates in organic synthesis. Literature surveys
reveal that various derivatives of isatin possess diverse
activities such as antioxidant and anti-inflammatory!?!,
antimicrobial®, antituberculosis'®®!, anticancer®, anti-
HIVZ! antiviral® anticonvulsant®” %! activities. Isatin
is a core constituent of many alkaloids and drugs as well
as dyes, pesticides and analytical reagents. Among all
these activities anticonvulsant activity of isatin is
discussed below briefly.

Anticonvulsant activity of Isatin

Kumar et al.”? found that a little variation at para
position of the phenyl ring having chloro and nitro
substituted compounds i.e. 2a and 2brespectively have
excellent anticonvulsant activity compared to that of the
substitution at any other position. Among the synthesized
compounds such as (1b) 3, 4-dihydro-2-(4-nitro phenyl)
imidazo(4,5,6), indol and (1c) 2-(4-chloro phenyl) -3, 4-
dihydro-imidazo (4,5,6) indole showed excellent
anticonvulsant activity. Prakash et al® reported
Synthesis, characterization and anticonvulsant activity of
novel Schiff base of isatin derivatives. They are
synthesized by condensation of isatin with different
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aromatic aldehydes. All the synthesized compounds
screened for anticonvulsant activities against maximal
electroshock (MES) and subcutaneous metrazole
(ScMet).Among all the synthesized compounds,
3-(4-(3,4,5-trimethoxy benzylideneamino) phenylimino)
indoline-2-one showed excellent anticonvulsant activity
with lower dose in MES as well as in ScMet methods.
Veerasamy et al.’Y reported the Synthesis of 3-
cycloalkanone-3.  4-hydroxy-2-oxindoles  derivatives
where X can be bromo or chloro. These derivatives
showed the MES testand PTZ test. Compound 24a was
active in PTZ seizurethreshold test (PTZ), thus act as a
potential anticonvulsant. Subudhi et al.F? reported
anticonvulsant and antimicrobial activity of Cu (Il), Zn
(I1) and Co (1) complex of isatin 3-Glycine. Isatin and
glycine have inhibitory effects on central nervous system
and to capitalize these features metal complexes of
isatin-3-glycine were prepared and evaluated for
anticonvulsant activity. Among them Cu (1) complex
were found to be most active .Ragavendran et al.*®
reported the synthesis of N-aryl/alkylidene-4-(1, 3-
dioxo-1, 3-dihydro-2H isoindol-2-yl)
butanoylhydrazides/butanamides which was further
analyzed for anticonvulsant activity. Compounds were
ineffective in MES test up to 300 mg/kg. These
compounds were found to be more potent when
compared to standard drug phenytoin and ethosuximide,
and were effective at dose 30 mg/kg. Sridhar et al.*"
reported the Synthesis of 3-(4-chloro-phenylimino)-5-
methyl-1, 3-dihydro-indole-2-one. The synthesized
compounds were active inMES test and found to be more
potent. when compared to standard drug phenytoin and
ethosuximide. Among all 23b was found to be most
activecompound and showed 87% protection at 100
mg/kg doselevel . Palluotto et al.B%! Synthesize a series
of 2-aryl-2, 5 dihydropyridazino[4, 3- b]indol-3(3H)
ones among them Some showed potent anticonvulsant
activity (Campagna et al. Synthesize a series of a 2-aryl
-2, 5-dihydropyridazino [4, 3-b] indol-3(3H) ones among
all compounds having X= H, Cl, Br group were found to
be potent against pentylenetetrazole (PTZ) and induced
seizures in mice . Popp et al®® studied Comparative
anticonvulsant activity of different compounds. They
found that 3-hydroxy-3-acetonyloxindole (10 A) have
greater anticonvulsant activity than 3-hydroxyl-3-
pehenacycloindole (10 B). The compounds 3-
acetonyldeneoxindole (11A) and 3-
acetophenylideneoxindole (11B) haveless anticonvulsant
activity. Another compound 3-cyclohexenonyloxindole
(11C) has enhanced activity in MES screen from 300
tol00 mg/kg. Thus  compound  3-hydroxy-3-
cyclohexanonyloxindole (10C) was found to have potent
anticonvulsant drug showing activity at 300 mg/kg by
body weight in the MES test.Muller et al.”*® were found
that oxindole, isatin an Nmethyllsatin-3-
thiosemicarbazene injected (1/p) in the rat, inhibited
monoamine oxides in liver homogenate, Isatin-3-
hydrazone was much less effective as an inhibitor,
introduction of Br group at the position 5 in certain
analogne  safforded  5-bromoisatine,  5-bromo-N-
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methylisatin and 5-bromoisatin-3-hydrazone. The bromo
group markedly increased the inhibitory effectiveness of
the unsubstituted compound

REFERENCES

1. Wiedemann K, Jahn H, Kellner M. Effects of
natriuretic peptides upon hypothalamo—pituitary—
adrenocortical ~ system activity and anxiety
behaviour. Exp Clin Endocrinol Diabetes, 2000;
108: 5-13.

2. Hamaue N, Minami M, Kanamaru Y Identification
of isatin, an endogenous MAO inhibitor, in the brain
of stroke-prone SHR. Biogen Amines, 1994; 10: 99-
110.

3. Mcintyre IM, Norman TR Serotonergic effects of
isatin: an endogenous MAO inhibitor related to
tribulin. J Neural Transm Gen Sect, 1990; 79: 35-40.

4. Armando I, Barontini M, Levin G Exercise increases
endogenous urinary monoamine oxidase
benzodiazepine receptor ligand inhibitory activity in
normal children. J Auton Nerv Syst, 1984; 1. 95-
100.

5. Ueki A, Willoughby J, Glover V, Sandler M, Stibbe
K, et al. Endogenous urinary monoamine oxidase
inhibitor excretion in Parkinson's disease and other
neurological disorders. J Neural Transm Park Dis
Dement Sect, 1989; 1: 263-268.

6. Clow A, Glover V, Sandler M, Tiller J Increased
urinary tribulin output in generalised anxiety
disorder. Psychopharmacology (Berl), 1988; 95:
378-380.

7. Tozawa Y, Ueki A, Manabe S, Matsushima K
Stress-induced increase in urinary isatin excretion in
rats: reversal by both dexamethasone and alpha-
methyl-P-tyrosine. Biochem Pharmacol, 1998; 56:
1041-1046.

8. Sandler, M The emergence of tribulin. Trends
Pharmacol Sci., 1982; 3: 471-472.

9. Satyan KS, Rai A, Jaiswal AK, Acharya SB,
Bhattacharya SK Isatin, a putative anxiogenic
endocoid, induces memory dysfunction in rats.
Indian J Exp Biol., 1995; 33: 576-579.

10. Bansal RC, Kaur P, Kiran R Mode of interaction of
isatin with rat liver alkaline phosphatase. Res
Bul(Science) PU, Chandigarh, 1988; 39: 71-76.

11. Kumar P, Bansal RC, Mahmood A Isatin, an
inhibitor of acetylcholinesterase activity in rat brain.
Biogen Amines, 1993; 9: 281-289.

12. Hamaue N, Yamazaki N, Minami M Effects of
isatin, an endogenous MAOQO inhibitor, on
acetylcholine and dopamine levels in the rat
striatum. Biogen Amines, 1999; 5: 367-377.

13. Singh B, Sharma R, Sareen KN, Sohal MS Isatin
enzyme interactions. V. Activation of rat liver acid
phosphatase. Enzyme, 1977; 22: 256-261.

14. Kumar P, Dani HM, Trehan S Effect of isatin on
testicular hyaluronidase. Indian J Exp Biol., 1977;
15: 655-656.

15. Chocholova L, Kolinova M Effect of isatin (2,3-
dioxoindoline) on audiogenic seizures in rats and its

227



Rashid et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

relationship to electrographic and behavioural
phenomena. Physiol Bohemoslov, 1979; 28: 495-
502.

MAYiller M, Schramek J Combined application of
propranolol and local anesthetics: enhanced
anticonvulsant action. Biomed Biochim Acta, 1989;
48: 333-336.

Yuwiler A The effect of isatin (tribulin) on
metabolism of indoles in the rat brain and pineal: in
vitro and in vivo studies. Neurochem Res., 1990; 15:
95-100.

Glover V, Medvedev A, Sandler M lIsatin is a potent
endogenous antagonist of guanylate cyclase-coupled
atrial natriuretic peptide receptors. Life Sci., 1995;
57: 2073-2079.

Mohan S, Saravanan J, Singh D, Sharma PC
Synthesis and evaluation of some novel
piperidinothiophenes as potential antioxidant and
anti-inflammatory agents. Acta Pharm., 2007; 49:
29-38.

Sridhar SK, Saravanan M, Ramesh A (2001)
Synthesis and antibacterial screening of hydrazones,
Schiff and Mannich bases of isatin derivatives. Eur J
Med Chem., 36: 615-625.

Tran VH, Nguyen QD, Le NV, Le TT Study on
antituberculosis effect of some thiosemicarbazones
and isonicotinylhydrazone derivatives of Isatin and
5-halogino Isatin. Tap Chi Douc Ho, 2000; 8: 15-17.
Islam MR, Muhsin M Synthesis of 5-chloroisatin-6,
7-dimethylisatin and their carbohydrazone ?2-1, 3,
4-oxadiazoline and their cytotoxicity studies.
Bangladesh J Pharmacol, 2007; 2: 7-12.

Selvam P, Chandramohan M, De Clercq E,
Witvrouw M, Pannecouque C Synthesis and anti-
HIV activity of 4-[(1,2-dihydro-2-oxo-3H-indol-3-
ylidene) amino]-N(4,6-dimethyl-2-pyrimidinyl)-
benzene sulfonamide and its derivatives. Eur J
Pharm Sci., 2001; 14: 313-316.

Sin N, Venables BL, Combrink KD, Gulgeze HB,
Yu KL, et al.Respiratory, syncytial virus fusion
inhibitors part 7, structure activity relationship with
a series of isatinoximes that demonstrate antiviral
activity in-vivo. Bioorg Med ChemLett., 2009; 19:
4857- 4862

Verma M, Pandeya SN, Singh KN, Stables JP
Anticonvulsant activity of Schiff bases of isatin
derivatives. Acta Pharm, 2004; 54: 49-56.

Kumar N, Sharma PK, Garg VK, Singh P Synthesis
and Anticonvulsant Activity of Novel Substituted
Phenyl Indoloimidazole Derivatives.  Current
Reseach in Chemistry, 2011; 3: 114-120.

Prakash CR, Raja S, Saravanan G 1J Pharm &
Pharmaceutical Sci., 2010; 2: 177-181.

Raj M, Veerasam N, Singh VK Highly
enantioselective synthesis of 3-cycloalkanone-3-
hydroxy-2-oxindoles, potential anticonvulsants.
Tetrahedron Tetrah. Lett., 2010; 51: 2157-2159
Subudhi BB, Pandaa PK , Bhattaa D, Jenab A
Anticonvulsant and Antimicrobial Activity of Cu
(1, zn (1) and Co (II) Complex of Isatin 3-

www.ejbps.com

30.

3L

32.

33.

34.

35.

36.

European Journal of Biomedical and Pharmaceutical Sciences

Glycine.Iranian J. Pharm. Sci. Spring, 2009; 5: 83-
88.

Ragavendran JV, Sriram D, Patel SK, Reddy IV,
Bharathwajan N, et al. Design and synthesis of
anticonvulsants from a combined phthalimide-
GABA-anilide and hydrazone pharmacophore. Eur J
Med Chem., 2007; 42: 146-151.

Sridhar SK, Pandeya SN, Stables JP, Ramesh A
Anticonvulsant activity of hydrazones, Schiff and
Mannich bases of isatin derivatives. Eur J Pharm
Sci., 2002; 16: 129-132.

Palluotto F, Carotti A, Casini G, Campagna F,
Genchi G, et al. Structure-activity relationships of 2-
aryl-2,5-dihydropyridazino [4,3-b]indol-3(3H)-ones
at the benzodiazepine receptor. Bioorg Med Chem.,
1996; 4: 2091-2104.

Campagna F, Carotti A, Casini G, Palluotto F,
Genchi 2-Aryl-2, 5-ihydropyridazino [4,3-b] indol-
3(3-H) ones. Bioorg. Med. Chem, 1993; 1: 437-446.
Popp FD, Donigan BE Synthesis of 3-hydroxy-3-
phenacyloxindole analogs. J Pharm Sci., 1979; 68:
519-520.

Mueller M, Schmiedel R On The Effects Of
Compounds Structurally Related To Isatine (2,3-
DIOXOINDOLINE) on monoamine oxidase activity
of mouse liver homogenates. Acta Biol Med Ger,
1965; 14: 158-166.

Elliott RJ, Gardner DL Proline determination with
isatin, in the presence of amino acids. Anal
Biochem, 1976; 70: 268-273.

228



