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Abstract: 

Isatin-derived Schiff's base or hydrazones, insoluble in polar medium, have quite a meagre pharmacological 

profile; however, their innate bio-accessibility gets augmented through host-guest inclusion complexation. 

This research focuses on the preparation, characterization, and biological evaluation of a poorly water-
soluble guest molecule, Isatin phenylhydrazone (IPH), chemically named 3-(2-phenylhydrazone) indolin-2-

one.  When the synthesized guest was trapped inside the hydrophobic cavity of host, β-cyclodextrin (β-CD), 

the inclusion complex (β-CD/IPH) with enhanced bio-assessment profiles was formed. The guest and its 
inclusion formulations were characterised by reliable spectroscopic techniques like 1H-NMR, UV-Vis, and 

FTIR spectroscopy. Additionally, the Jobs technique of continuous variation was used to estimate the 

stoichiometry ratio, which was found to be 1:1 for the β-CD/IPH inclusion complex. A modified Benesi-
Hildebrand equation was used to calculate the stability constant for range of temperature. Calculations were 

made for the inclusion complex's thermodynamic characteristics, including the changes in free energy (∆Go), 

enthalpy (∆Ho), and entropy (∆So), and it was found that the effective complex formation was spontaneous 

and exothermic. The antimicrobial profile of guest and host-guest complex was studied by means of the agar-
well diffusion method against three pathogenic bacteria, including Escherichia coli, Staphylococcus aureus, 

Proteus vulgaris, and a fungus, Candida albicans, using DMSO as a control. Antimicrobial study reports of 

inclusion assembly (β-CD /IPH) were found to be enhanced compared to the mere guest (IPH) moiety. 
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1. Introdution 

Cyclodextrins are macrocyclic oligomers made up 

of D-glucopyranoside and exist as six (α-CD), 
seven (β-CD), and eight-member rings (γ-CD) 

connected mutually via α-(1, 4) connections [1–

3]. Fig.1a. A hollow truncated cone structure of 

CDs emerges from the circular arrangement of D-
glucose with primary hydroxyl groups on one rim 

(the primary face) and secondary hydroxyl groups 

on the other (the secondary face) [4]. fig.1b. 
These morphological features of CD moiety 

impart numerous utilities, including those in the 

food industry [5], textiles [6], wastewater 

treatment [7], the agriculture sector [8], the 
chemical industry [9], drug delivery systems [10] 

and pharmaceutical formulation [11] etc. The 

supramolecular host, CDs, generates non-covalent 
host-guest interactions with small organic 

molecules like Isatin derivatives [12]. The 

interactions are mainly weak forces like 
electrostatic, van der Waal, hydrogen bonding, 

and hydrophobic interactions that exist inside the 

cavity [13]. Such host-guest interactions of CDs 

with organic molecules have been found to relieve 
certain conformational strains and liberate innate 

strain energy that existed prior to their interaction 

[14, 15]. Among all the CDs, the most commonly 
used host in pharmaceutical formulations is β-

cyclodextrin which possesses natural qualities 

such as complementary cavity size [16], bio-
degradability [17], non-toxicity, and economic 

price [18]. 

Indole-based molecules like isatin derivatives 

have many uses in pharmacology, such as anti-
oxidant [19], anti-diabetic [20], anti-microbial 

[21], anti-cancer [22], anti-glycation [23], anti-

plasmodial, anti-tubercular [24], and anti-

convulsant [25]. However, their poor solubility 
and bioavailability can limit their effectiveness as 

therapeutic agents. The inclusion complex 

formation between isatin derivatives and β-

cyclodextrin has been studied recently due to its 
potential applications in drug delivery and 

pharmaceutical formulations. The hydrophobic 

cavity in β–cyclodextrin encapsulates the 
hydrophobic portion of the isatin derivative and 

yields inclusion complex with improved 

solubility, stability, and bioassay. The driving 

force in this association is the non-covalent 
interactions between the guest, isatin derivative, 

and the host, β–cyclodextrin. The complexation 

with β-cyclodextrin offers a potential strategy for 
enhancing the therapeutic potential of isatin 

derivatives and overcoming their limitations in 

pharmaceutical applications [26]. Overall, the 
inclusion of isatin-derived compounds within β-

cyclodextrin cavity provides a promising 

approach to improving the pharmacological 

profile of these bioactive compounds. There is 
hardly any research to explain how cyclodextrin 

complexation affects the physicochemical and 

antimicrobial properties of isatin derivatives. The 
purpose of the current study was to synthesise and 

characterise isatin phenylhydrazone that is formed 

by condensing isatin with phenyl hydrazine as 
amine counterpart, and the resulting IPH (fig. 1c) 

was encapsulated within β-Cyclodextrin’s cavity 

to yield inclusion complex (β-CD/IPH). The 

thermodynamic and antimicrobial properties of 
IPH and its inclusion complex have been studied. 

 

 
Fig. (1a):  Morphology of Cyclodextrins (number of D-Glucopyranose rings in α-CD is 6, in β-CD is 7, and 

in γ-CD is 8] (1b) Primary and secondary faces of β-CD (1c) The structure of IPH is named 3-(2-
phenylhydrazono)indolin-2-one. 

 

2. Materials and methods: 
The analytical reagent grade Chemicals like 

Isatin, Phenyl hydrazine, DMSO, β-Cyclodextrin 

etc. were acquire commercially and utilized 
without further purification. Distilled water was 

prepared in our laboratory. The KBr disc method 
was utilised to get FT-IR spectra in KBr in the 

400–4000 cm-1 range using a Shimadzu Corp. 

03093 Fourier transform spectrophotometer. UV 
spectra have been obtained in the 200–780 nm 
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regions using a UV-2600 Series double-beam 

spectrophotometer. NMR spectra in 

CDCl3/DMSO-d6 were recorded using the 
BRUKER Avance Neo (1H NMR, 500 MHz) 

spectrophotometer. Chemical shift (δ) values are 

expressed in ppm. 

 

2.1. Stoichiometry of host-guest complex. 

The stoichiometry of the host-guest inclusion 

complex has been determined using Job's method 
of continuous variation [27]. IPH mole fractions 

between 0.0 and 1 mmol were used to prepared 

IPH and β-CD solutions. To create Job's plots, we 

plotted the absorbance difference between the IPH 
with and without β-CD (∆A) multiplied by the 

mole fraction (R) versus the mole fraction (R). 

Where R = [IPH]/[[IPH]+ [β-CD]] [28, 29]. Each 
solution's absorbance values were calculated at a 

maximum wavelength of 402 nm. The 

stoichiometry of the inclusion complex is 
determined by the value of R at the maximums of 

the Jobs plot. 

 

2.2. Determination of stability constant 
The concentration of β-CD was adjusted from 

3.0×10−5 to 7.0 ×10−5 mol L−1, while the 

concentration of IPH remained fixed at 5.0 ×10−5 
mol L−1 in order to calculate the stability constant 

of the IPH/ β-CD inclusion complex. At 402 nm, 

the absorbance of each system was measured in 
comparison to a reagent blank that had been made 

with the same reagent concentration but without 

IPH. The UV–Vis absorbances of the aqueous 

solution at these concentrations were fit to the 

modified Benesi–Hildebrand’s equation. The best 
fits were obtained for β-CD/IPH inclusion 

complex. [30, 31].  

 
𝟏

∆𝐀
=

𝟏

∆∈
+

𝟏

𝑲𝒔[𝑰𝑷𝑯]𝒐∆∈
.

𝟏

[𝛃−𝐂𝐃]𝐨
                           (1) 

 

Where ∆A is the difference between IPH's 

absorbance at λmax with and without β-CD, ∆ε is 
the difference in the molar absorptivities between 

free IPH and β-CD/IPH inclusion complex, 

[IPH]o is the total IPH concentration, and [β-
CD]o  is the concentration of free β-CD. 

Using the Benesi-Hilderband’s relation (1), the 

stability constants (Ks) of the host-guest complex 
at different temperatures (298.15, 303.15, 308.15, 

and 313.15 K) were determined using a double 

reciprocal plot, 1/∆A vs 1/[β-CD]. 

 

2.3. Synthesis of Isatin phenylhydrazone [IPH]: 

In 50 mL of warm ethanol, equimolar amounts of 

Isatin and phenyl hydrazine were dissolved. The 
content was refluxed for 2 hours. The crystalline 

product was obtained by filtering, vacuum dried, 

and recrystallization from ethanol after being 

allowed to stand for about 24 hours at room 
temperature (r.t.) [32]. The synthesis of Isatin 

Phenylhydrazone (IPH) is shown in Scheme 1. 

(Fig 2.) 

 

 
Fig. 2. Scheme 1: Synthesis of Isatin Phenylhydrazone (IPH) 

 

2.4. Synthesis of the Inclusion Complex: 
A co-precipitation approach was employed in 

synthesizing the inclusion complex (1:1 molar 

ratio). 1 mmol of host: β-CD was dissolved in 20 
mL of de-ionized hot water, and then 1 mmol of 

guest: IPH was dissolved in 20 mL of hot ethanol 

and added to the aforementioned solution. Then, 
at room temperature, this solution was agitated for 

2 hours on a Remi-magnetic stirrer. To collect the 

precipitated complex, this solution was filtered 

using Whatman No. 1 filter paper. The 

precipitated complex was then washed with a 
small amount of ethanol and water separately to 

get rid of any remaining unreacted reactants (IPH 

and β-CD). For further study, the inclusion 
complex was collected, dried, and stored in 

airtight desiccator [33]. 

 

2.5. Antimicrobial profile 

The synthesised bioactive guest and the associated 

inclusion complex were subjected to the agar-well 

diffusion technique to evaluate their antibacterial 
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profiles using DMSO as a control [34]. This 

bioassay study was carried out using three 

bacterial strains, namely E. coli, S. aureus, and P. 
vulgaris, and a fungus strain, Candida albicans. 

The agar plate surface was inoculated under 

aseptic environment by covering the whole agar 

surface with a volume of the microbial inoculum. 
Using a sterile cork borer, a hole of 6-8 mm in 

diameter was punched into the agar plate. The 

bioactive samples under study were serially 
diluted in DMSO solvent to make concentrations 

of 100, 50, 25, and 12.5 ug/ml, and then added to 

the agar plate's well. These agar plates were 

incubated for 24 hours at 37 °C. The microbial 
strain’s growth was found to be inhibited by the 

antimicrobial agent utilized in this bioassay 

investigation, and the diameters of the zones of 
inhibition were determined in mm. 

 

3. Results & Discussion: 

3.1. Synthesis of IPH and β-CD/IPH: 

The structural elucidation of synthesized IPH and 

its corresponding inclusion complex was carried 

out by spectral analysis like IR, 1H-NMR, and 
UV-visible. The spectral data of IPH were in 

agreement with the assigned structure (Fig. 1c). 

The melting point of inclusion complex was 
found to be higher than that of corresponding 

guest species, and these preliminary observations 

directed the formation of inclusion complex. 
 

3.1.1. 3-(2-phenylhydrazono)-indolin-2-one (IPH) 

[35] 

Colour: orange, m.p. - 210 oC 

1H-NMR (CDCl3, δ in ppm): 6.89–7.12 (m, 

3H,-5, 6,7), 7.21–7.39 (m, 5H- 2’, 3’, 4’, 5', 6’), 

7.6608–7.6456 (d, 1H, 4), 7.7844 (s, 1H, NH), 
12.71 (s, 1H, N=NH); FT-IR (υ in cm

-1
): 3125 

(enolic O-H), 1683 (C=O), 1555 (C=N), 1464–

1492 (C=C), 1230 (N-H), 741, 686 (Ar-H); UV-

visible (λmax in nm): 402nm 
 

3.1.2. β-CD/IPH inclusion complex [36]: 

Colour: orange-yellow, m.p. : 225
 o
C 

1H-NMR (DMSO-d6, δ in ppm): (s, 1H, -

N=NH)  δ=12.7451, (s, 1H, N-H) δ=11.0166, (m, 

Ar-H, 9H) δ=6.9199-7.5607, (β -CD H) 
δ=3.5565-5.06875; FT-IR (υ in cm

-1
): 3260 

(enolic OH) 1684 (C=O), 1555 (C=N), 1449 

(C=C), 1243 (N-H), 746-687 (Ar-H); Uv-Visible 

(λmax in nm): 410nm 
 

3.2. FTIR Spectroscopy: 

Fourier transformation infrared (FTIR) is an 
important spectroscopic technique used to find 

fingerprint regions and characteristic IR peaks of 

guest and host (separately) as well as host-guest 

molecule in corresponding inclusion complex 
[37,38,39]. When the host encloses the guests in 

their own hydrophobic cavities, the guests' 

bending and stretching vibration peaks weaken or 
disappeared which demonstrated by shift in the 

FTIR signals and intensity variations. A broad 

peak was found to appear at 3281 cm-1, being 
related to O-H stretching, 2925 cm-1 for C-H 

stretching, and 1022 cm-1 for the symmetric C-O-

C stretching frequencies observed in the host: β-

Cyclodextrin (Fig. 3a.) [33]. The characteristic 
functionality of IPH was observed at 3125 cm-1 

for O-H  (enolic),  1552 cm-1 for C=N, 1683 cm-1 

for C=O, and 1230 cm-1 for the ring N-H 
vibrational frequencies (Fig. 3b). The FTIR 

spectra of the inclusion complex were found to be 

comparable to host β-CD due to non-covalent 
bonding. Overall, the FTIR spectrum indicated a 

few modifications in the fundamental vibration 

frequencies of the guest IPH and host β-CD in the 

complex (Fig. 3c). The peaks for C=O, C=N and 
ring N-H of guest after encapsulation shifted to 

1684 cm-1, 1555 cm-1 and 1243 cm-1 respectively  

while the host β-CD shows signals at 3260 cm-1 
and 1024 cm-1 for O-H and C-O-C functionalities 

respectively. Changes in the FTIR spectral 

characteristics can be linked to weak interactions 

between the host and guest, like hydrogen 
bonding, Van der Waal interactions, and 

hydrophobic interactions. 

 

 
Fig.3a. IR spectra of β –Cyclodextrin 
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Fig. 3b. FTIR spectra of IPH 

 

 
Fig. 3c: FTIR spectra of β-CD/IPH inclusion complex 

 

3.3. 1H-NMR spectra: 
The 1H-NMR study demonstrates that complexa- 

tion had an impact on the chemical shifts of 

particular guest and host [40]. These adjustments 
helped to clarify the host-guest relationship 

between IPH and β-CD. As the host and guest do 

not form any chemical bonds, the interaction 

primarily relies on the intermolecular forces that 
exist between the combining molecules. In 

accordance with the development of the inclusion 

complex, the 1H-NMR spectra of the IPH, β-CD, 
and β-CD/IPH in DMSO-d6 (Figs. 4a, 4b, and 4c) 

shows the anticipated proton signals of the guest 

molecule and β-cyclodextrin. The chemical shift 
changes of the guest molecules compared to the 

inclusion form were also studied throughout the 

formation of the inclusion complex. The ring NH, 
-N=NH proton of IPH underwent the most 

substantial modifications. Therefore, it was 

logical to suppose that guest molecule actively 

engaged in hydrogen bonding with β-CD. The 
characteristic chemical shift values of β-CD 

protons in inclusion complexes were found to be 

modified from the δ=3.2960-5.7207 to δ=3.5565-
5.06875. 

 

      
Fig. 4a. 1H-NMR spectra of IPH                 Fig. 4b.   1H-NMR spectra of β-CD 
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Fig. 4c.  1H-NMR spectra of β-CD/IPH inclusion complex 

 

3.4. Absorption spectra: 
The formation of inclusion complexes is also 

ascertained from the shifting of λmax values of 

free guest and inclusion complexes [41]. IPH 
shows λmax at 402 nm, while upon complexation, 

the bathochromic effect is observed and the 

maximum wavelength shifts to 410nm. The 
alteration in λmax might be due to the weak 

forces that exist between host and guest. 

 

3.4. Stoichiomtery: 
The stoichiometry of the host guest association 

plays an important role when determining the 
inclusion complex's stability constant. The 

stoichiometry of the inclusion complex is 

determined by the value of mole ration (R) at the 
highest deviation of ∆A×R vs. R plot (Jobs plot). 

The ratio of guest to host is 1:2 if R = 0.33; 1:1 if 

R = 0.5; 2:1 if R = 0.66, etc. The maxima for the 
plot in the current study were obtained at R = 0.5, 

suggesting a 1:1 stoichiometry for the host-guest 

inclusion complexes Fig. 5a [42]. 

 

 

 
Fig. 5a                                            Fig. 5b                                               Fig. 5c 

Fig.: (5a) Job’s plot of IPH-β-CD systems at λmax=402nm, mole ratio R=[IPH]/[[IPH]+[β-CD]], 
ΔA=absorbance difference of the IPH without and with β-CD; [5b) Variation of 1/∆A against 1/[β-CD] at 

298.15, 303.15, 308.15, and 313.15 K; (5c) Variation of ln Ks against 1/T 

 

3.5. constantStability (Ks) alliedand

thermodynamic parameters (∆Go, ∆Ho and ∆So): 

The stability constant (Ks) is an important 

property in the inclusion phenomenon that 
hostofeffectivenessthemeasures -guest 

complexation [43]. The stability constants (Ks) 

can be calculated using the changes in absorbance 
(ΔA) of guest molecules against the concentration 

of β-cyclodextrin at different temperature [44]. 

collected for variousThe absorbance data
concentrations of β-CD demonstrated that when 

the concentration of β-CD rise, the guest 

molecule's aqueous solubility was observed to be 

gradually raised. 

From the plots in Fig. 5b, we got a good linear 

correlation, which is evident from correlation 

coefficient values that are close to unity, which 

confirmed the stoichiometry of the complex was 
1:1. The stability constant (Ks) for studied 

temperature range was determined by equation 2. 

(Table 1). 

 

Ks =  
𝑰𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕

𝑺𝒍𝒐𝒑𝒆
                                       (2) 

 

The temperature markedly affects the host-guest 
association, as the study suggests the 

decapsulation of guests from the β-CD cavity at 
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higher temperatures. Stability constant values 

were found to decrease with increasing 

temperature. The thermodynamic parameters such 
as free energy change (∆G), enthalpy (∆H), and 

entropy change (∆S) associated with the inclusion 

of complex formation at studied temperature 

range were determined using calculated Ks values 
[45, 46, 47]. The relation (3) was used to calculate 

the change in free energy. 

 

∆𝑮 = −𝑹𝑻𝒍𝒏𝒌                                                 (3) 
 

Using Vant’t Hoff equation 4, enthalpy and 

entropy changes have been determined. 

 

𝒍𝒏𝑲 = −
∆𝑯

𝑹𝑻
+

∆𝑺

𝑹
                                     (4) 

R is the gas constant (8.314 J K-1 mol−1), and T 

is the absolute temperature. 

 
From Vant Hoff's equation 4, the plot between ln 

Ks and 1/T shows a linear relationship (fig. 5c) 

[48, 49]. The interaction between IPH and β-CD 

was an exothermic process that occurred 
spontaneously within the investigated temperature 

range. The thermodynamic parameter changes 

specify that the host-guest association is mainly 
driven by weak forces such as Vander Waal, 

hydrogen bonding, etc. between the interacting 

species. When compared to the guest alone, the 

inclusion complex's rotational and vibrational 
degrees of freedom are assumed to be lower [50]. 

The results are summarized in Table 1. 

 

Table 1: Stability constant (Ks) and thermodynamic parameters of the β-CD/ IPH inclusion complex 

T (K) Ks  (M
-1) ∆Go ( kJ / mol) ∆Ho ( kJ / mol) ∆So ( kJ / mol k-1) 

298.15 1385.9  -17.935   

303.15 1118.52  -17.695 -39.561 -0.072 

308.15 875.39  -17.359   

313.15 642.4  -16.835   

 

3.6. Antimicrobial study: 

Compared to the free guest, the inclusion complex 

had a better antimicrobial profile against the 
strains of E. coli, S. aureus, P. vulgaris, and C. 

albicans that were studied. The guest IPH and its 

inclusion complex, β-Cd/IPH, had a unique 
efficiency against Proteus vulgaris, with zones of 

inhibition at 100 ug/ml that were 17mm and 24 

mm, respectively. When IPH complexes with β-

CD, the guest's antifungal efficacy against 
Candida albicans increases. The solubility, 

bioavailability, and bioaccessibility of the 

included guest that are induced following 

encapsulation within the hydrophobic cavity of 
the host are responsible for the inclusion 

complex’s better antimicrobial characteristics 

[51]. The inclusion product increased lipophilicity 
of IPH, which decreased the permeability of the 

cells and interfered with normal cell functions. 

Figures 6a–d represents the graphical summary of 

the findings. 

 

 
Fig. 6: Comparative antimicrobial assay of guest [IPH] and inclusion complex  [β-CD/IPH] in terms of zone 

of inhibition (in Mm) against Escherichia coli (6a), Staphylococcus aureus (6b),  Proteus vulgaris (6c), and 
Candida albicans (6d) at 12.5, 25, 50, and 100 ug/ml concentrations of guest and inclusion complex 

separately. 
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4. Conclusion: 

In this study, the feasibility of employing β-CD to 

encapsulate Isatin phenylhydrazone via inclusion 
complexation has been demonstrated. UV-visible, 

FTIR, 1H-NMR, and stability Investigations 

showed that the guest was effectively 

encapsulated inside the hydrophobic cavity of β-
CD. The 1:1 stoichiometry ratio obtained by Jobs 

method of host-guest interaction was found to be 

exothermic and spontaneous by thermodynamic 
analysis. The study of this complex reveals details 

on the non-covalent intermolecular forces that 

bind the molecules which make up the "host-

guest" pair. We also investigated the antimicrobial 
activity of the synthesized compounds. When 

compared to guest, the complex was found to be 

more active against bacterial species (such as E. 
coli, S. aureus, and Proteus vulgaris) and fungal 

species (Candida albicans). Cyclodextrins are 

currently commonly used for medication 
stabilization by delivering highly selective and 

non-toxic possibilities. This complexation 

approach open up new avenue for the 

enhancement of anti-microbial profile of bioactive 
compounds. Given the ease of preparation and 

environmental friendliness of inclusion 

complexes, it is an appealing strategy for creating 
new Isatin precursor prototypes with excellent 

water solubility and bioavailability for potential 

medical applications. 
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