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VII. 1. HIGHLIGHTS 

 β-Cyclodextrin (β- Cyd) forms Inclusion complex with NTHCL with 1:1 

stoichiometry. 

 Association constant is measured from UV- spectroscopy and fluorescence. 

 1H NMR and ROSEY provides confirm evidence about the solid inclusion 

phenomenon. 

 13CNMR is utilised to support the interactions phenomenon. 

 Solid complex formation between β-Cyd and NTHCL is established by FTIR 

and PXRD. 

 

VII. 2.INTRODUCTION 

Cyclodextrins (Cyds) are first isolated as degradation product of starch by 

Villiers in 1891 [1]. They are characterized as natural cyclic oligosaccharides. The 

main fractions of Cyds are composed with 6 (α- Cyds), 7(β- Cyds) and 8(γ-Cyds) 

glucose units respectively linked by α-(1, 4) glycosidic linkages [2, 3]. Cyds are a 

very vital class of host molecules that are used as drug excipients [4-6] and drug 

receptor or carrier in human body [7-11]. These applications confide to the 

capability of Cyds to form inclusion complexes (ICs). Such host-guest ICs are of great 

interest for scientific research as they exists in aqueous medium and encapsulate 

guest molecule(s) into their hydrophobic cavity through hydrophobic, H-bonds, van 

der Waals, interactions which are so important in biological systems and furnish the 

information about the non-covalent intermolecular interactions. Thus they serve as 

models for studying topochemical problems and the mode of action of drugs. The 

most significant property of such ICs is that the unique “torus-like” shaped cyd 
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molecules can behave as host to accommodate size-fit entirely or at least partially 

guest components into its hole without any covalent bonds being formed [12-15]. 

 Nortriptyline [3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-N-

methyl-1-propanamine)] hydrochloride (NTHCL) belongs to the class of drugs 

known as tricyclic antidepressant (TCAs). Depression is fetching one of the most 

imperiling diseases disturbing human health and quality of living [16-20]. Compared 

with other TACs drugs, NTHCL shows many advantages. The antidepressant effects 

of TCA are thought to be due to an overall increase in serotonergic 

neurotransmission and in depressed individuals, nortriptyline exerts a positive 

effect on mood.  TCAs also block histamine-H1 receptors, α1-adrenergic receptors 

which accounts for their sedative, hypotensive effects respectively. Nortriptyline 

exerts less sedative side effects compared to the tertiary amine TCAs. NTHCL has 

also neuroprotective effects and it is used as key models of chronic 

neurodegeneration. It expanded as strong inhibitor of mitochondrial permeability 

transition (MPT) in both isolated [21] and brain.  MPT results due to openings of 

protein pores that are formed in the inner membrane of mitochondria and allow free 

diffusion of molecules having molecular weight less than 1500 Da., resulting 

mitochondrial swelling and cell death [22]. NTHCL can also inhibit the release of 

cytochrome C and caspase activation in tissue. As, cyds are secure and friendly for 

human health and considered as safe drug carrier in human body [23], so, 

formulating inclusion complex of NTHCL with β-cyds could potentially introduce a 

new prospect and hope in drug delivery systems and also in research field. 

In this work, the possible formation of IC between NTHCL and β-cyds 

(scheme1) has been investigated by UV-spectroscopy, fluorescence measurements 

in solution phase including 1HNMR, 2D NMR, 13CNMR, FTIR and powder XRD 
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techniques that have been performed with the resultant 1:1 solid IC of NTHCL and β-

cyds. 

  

Scheme 1.  Geometry of (a) β-cyclodextrin molecule and (b) Nortriptyline 

hydrochloride (NTHCL). 

 

 

VII. 3. EXPERIMENTAL SECTION 

VII.3.1. Reagents 

Nortrptyline and β- cyclodextrin of puriss grade are purchased from sigma-

Aldrich, Germany and have been used without further purification. The mass 

fraction purity of nortrptyline and β- cyclodextrin is ≥ 0.99 for both. Triply distilled 

and degassed water is used to ready all solutions. 

VII.3.2. Apparatus 

UV-visible spectra were recorded by JASCO V-530 UV/VIS Spectrophotometer. 

All the absorption spectra were recorded at 25°C ±1°C. 

A photon Technology International (PTI), USA (Model: Quantamaster-40) 

fluorescence spectrophotometer was used to record fluorescence spectra. 

NMR (1HNMR, 2D ROSEY and 13C NMR) spectra were recorded at 300 MHz 

Bruker ADVANCE at 298.15K in D2O. Signals are quoted as  values in ppm using 

residual protonated solvent signals as internal standered (D2O:  4.71 ppm). Data 

are reported as chemical shift. 
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Infrared spectra were measured in Perkin Elmer, FTIR spectrometer. Samples 

are prepared as KBr pellets with 1mg components and 100 mg of dry KBr. FTIR 

measurements were performed in the scanning range of 4000-400 cm-1 in the room 

temperature. A manual press was used to form the pellets. 

The powder XRD patterns of the compounds were recorded by using Cu-Kα 

radiation (Bruker D8 Discover; 40kV, 30 mA). 

 

VII.3.3. Preparation of solid inclusion complex of NTHCL with β-CD 

The solid inclusion complex of (NTHCL+ β-CD) has been prepared by taking 1:1 

molar ratio of both components. Both components are dissolved in triply distilled 

and degassed water separately and stirred over magnetic stirrer until it makes a 

clear solution. After that the drug solution is added into β-CD solution and stirred for 

48hrs at 55°C without a break. A precipitation is observed after cooling. The 

precipitate is filtered and washed for several times with triply distilled water. 

Finally, we have got a dry white powder after drying the washed precipitate in oven 

at 50°C for 24 hrs. 

 

VII.4. RESULTS AND DISCUSSION 

VII.4.1. UV-visible spectroscopy: Job plot: Elucidation of Stoichiometry behaviour:   

The stiochiometry of the IC has been discerned utilising continuous variation 

Job’s method [24] in the solution medium by plotting ΔA ×R against R (where ΔA = 

Ao ‒ A, is the shifts of absorbance at λmax of β-CD- NTHCL complex [A] from 

absorbance at λmax of pure NTHCL [Ao]) and the spectral data have been listed in 

Table 1. The value of R at the maxima on curve provides the stiochiometry ratio of 

ICs (IC1:2, R= 0.33; IC1:1, R=0.5; IC2:1, R=0.66) [25, 26]. It can be seen that the resultant 
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curve shows the maximum deviation at R=0.5 which suggests that the complex has 

1:1 stiochiometry (Figure 1). 

 

Figure 1 . Job plot of NTHCL/β- Cyd systems at 298.15K. 
 
 
 

Table 1: Data for Job plot obtained from UV-spectroscopy for aqueous β- Cyd -

NTHCL system at 298.15Ka.  

NTHCL 

(mL) 

β- Cyd 

(mL) 

[NTH

CL] 

(µM) 

[β- 

Cyd] 

(µM) 

[NTHCL]

[NTHCL]+[β-Cyd]
R=

 

   Absorbance 

(A) 
ΔA ΔA*R 

0 3 0 100 0.0 0.0 1.16615 0.0 

0.3 2.7 10 90 0.1 0.21876 0.94739 0.09474 

0.6 2.4 20 80 0.2 0.32421 0.84194 0.16838 

0.9 2.1 30 70 0.3 0.42751 0.73864 0.22159 

1.2 1.8 40 60 0.4 0.51983 0.64632 0.25853 

1.5 1.5 50 50 0.5 0.63102 0.53513 0.26757 

1.8 1.2 60 40 0.6 0.77664 0.38951 0.23371 

2.1 0.9 70 30 0.7 0.90734 0.25881 0.18117 

2.4 0.6 80 20 0.8  1.01578 0.15037 0.12029 

2.7 0.3 90 10 0.9 1.09765 0.0685 0.06165 

3 0 100 0 1 1.16615(Ao) 0.0 0.0 

a Standard uncertainties in temperature (T)=0.01K. 
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VII.4.2. Effects of β-cyclodextrin: Interaction of NTHCL with β-cyd in liquid 

environment by UV-Vis and fluorescence study 

The spectral data of NTHCL (2 × 10-4 M) in absence and in presence of various 

concentration of β-cyd solutions have been mentioned in Table 2. The strong 

absorption peaks of NTHCL (2 × 10-4M) appears at 216 nm and with addition of β-CD 

blue shifting is observed.  Gradually increases of absorbance intensities of NTHCL 

due to addition of β-cyd solutions indicate the insertion of the drug molecule to the 

β-cyd core and the presence of some non- covalent interactions (viz. hydrophobic 

and van der Waals interaction) which are the driving forces behind the 

complexation process [27, 28]. 

 

Table 2: Data for the Benesi-Hildebrand double reciprocal plot performed by 

UV-Vis and fluorescence spectroscopy for aqueous NTHCL-β-CD system at 

298.15Ka. 

UV-Vis spectroscopy 

NTHCL 

(M) 

Conc. of β- 

Cyd (M) 
I0 Intensity (I) 

Ka(M-1) ΔG KJ mol-1 

2× 10-4  

0.002 

2.79816 

2.82054 

235 M-1 -13.53 

0.006 2.83793 

0.01 2.84625 

0.014 2.85072 

0.018 2.85597 

0.02 2.85741 

Fluorescence spectroscopy 

NTHCL (µM) 
Conc. of β- 

Cyd (10-4 M) 
I0 Intensity (I) 

Ka(M-1) ΔG KJ mol-1 

5 

20 

85590.515 

105550.45 

211 M-1 -13.27 30 110940.36 

40 116183.48 
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50 119365.94 

60 122442.21 

70 125652.51 

80 128586.49 

a Standard uncertainties in temperature (T)=0.01K. 

The fluorescence spectra of the NTHCL at constant concentration in aqueous 

medium as a function of gradually increase in β-cyd concentration is depicted in 

Figure 2 which shows a molecular association is arising between included drug and 

the β-cyd causing the enhancement of the fluorescence intensities of the drug upon 

the addition of increasing concentration of β-cyd [29-31] (Table 2). It is seen that 

with the addition of β-cyd solution both the shorter wavelength and longer 

wavelength intensities of the guest moiety are increased. The increase in the 

absorbance indicates that the NTHCL molecule is entrapped into the β-cyd 

hydrophobic hollow space to form IC through the hydrophobic interactions and it is 

attributed detergent action of β-cyd [32, 33]. 

 

 

 

Figure2. Fluorescence spectra of NTHCL in different β-Cyd concentrations (µM): (1) 0, 
(2) 20, (3)30, (4) 40, (5) 50, (6) 60, (7) 70 and (8) 80. 



Chapter VII 

 

 

156 

 

In general the formation of isobestic point in both absorption and emission 

spectra is the indication to the existence of 1:1 complex [34-36] but as in this case no 

such clear isobestic point is observed so some possibilities are can be proposed for 

this deviation-(i) more than one NTHCL molecule is accommodated within a single 

β-cyd, (ii) due to space restriction of β-cyd cavity there may be present more than 

one type of complex each having 1:1 stiochiometry and (iii) the detergent action of 

β-cyd can be prohibited the formation of isobestic point. The β-cyds is the cone-

shaped molecule having height of 7.8 Å with diameters of the wider rim side and 

narrow rim part are 6.5 Å and 5.8 Å. It can be expected that the vertical distance 

between the aromatic rings of the NTHCL is also ~ 7.5 Å, [37] so it cannot entrapped 

entirely into the β-cyds cavity. Hence the first one scheme can be cancelled. Several 

TCAs have been reported to form an IC with β-cyds with 1:1 stiochiometry [38-40].  

From the job plot method (Figure 1), we have also got the evidence about the 

formation the complex having 1:1 stiochiometry. The plausible structures of the 1:1 

inclusion complex between the NTHCL and β-cyds are represented in scheme 2 [40, 

49, 51]. 
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Scheme 2.  The probable mechanism of the association phenomenon of the 

complexation for NTHCL with β-cyclodextrin. 

 

The association constant (Ka) of the host-guest complexation can be calculated 

by modified Benesi-Hildebrand equation for the one-to-one (1:1) association 

(equation 1) [27] using the UV-vis and emission spectra (fluorescence) data (Table 

2) 

                                 
" "

o o o

1 1 1 1

a( ) [β-cyd] ( )I I K I I I I
  

  
                                       (1) 

 

Where, Io is the initial intensity of absorption/ fluorescence of uncomplexed 

NTHCL, I is the absorption/ fluorescence intensity with a particular concentration of 

β-cyd and I” is the absorption/ fluorescence intensity at maximum concentration of 

β-cyd used. 

According to equation 1 the double reciprocal plots of 1/I-Io versus 1/ [β-cyd] 

for NTHCL in both absorption and fluorescence are shown in Figure 3(a) and 

Figure 3(b) respectively. In both cases a good linear correlation (R2 
(absorption) =0.998; 
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R2 
(fluorescence) =0.997) are observed and showing that the IC is 1:1. The value of Ka is 

evaluated by the ratio of the intercept to the slop [41].  Thereby, the Ka values of 235 

M-1 and 211M-1 are obtained from absorption and fluorescence spectra respectively 

which are close enough to each other [42, 43]. 

 

 

Figure3. Benesi-Hildebrand double reciprocal plot of 1/I-Io
 vs. 1/[β-Cyd] for NTHCL in 

(a) UV-absorption and (b) fluorescence at 298.15K. 

 

The thermodynamic parameter free energy change (ΔG) for both cases are 

calculated from the Ka values by using the following equation 2 

ΔG= -RT ln a K                                                      (2) 

The ΔG values for the two binding partners (NTHCL and β-Cyd) are negative (-

ΔG) (Table 2) which indicates that the host- guest IC proceeded spontaneously at 

298.15K and thermodynamically controlled. 

 

VII.4.3. NMR Spectroscopy  

1HNMR analysis is one of the most acceptable methods for the study of 

inclusion complex [41,44]. 1HNMR spectra of the 1:1 mixture of solid inclusion 

complex have been recorded (Figure 4) and the chemical shift (Δδ) for protons of 

both β-Cyd and NTHCL are studied. Since, under this condition, only shift changes of 
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the signals occur, it follows that the inclusion phenomenon is a dynamic process in 

which a fast exchange exists between the free and the bound states. The upfield shift 

of β-Cyd protons and downfield shift in guest protons made known the presence of 

NTHCL molecules into the β-Cyd cavity. Insertion of the NTHCL guest molecule 

towards the cyclodextrin ring through the wider rim side rather than the narrower 

dimension can be predict from the chemical shift displacements (Δδ) of the H3 and 

H5 β-Cyd protons as the shifting (Δδ) of the H3 proton that is located near the wider 

rim is significantly high than the shifting (Δδ) of the H5 protons which is placed near 

the narrower rim [45, 46]. 

 

 

Figure 4.  1HNMR spectra of (a) β- Cyd, (b) 1:1 molar ratio of NTHCL/β-Cyd inclusion complex 

and (c) NTHCL  in D2O at 298.15 K. 

  



Chapter VII 

 

 

160 

 

1HNMR data:  

β-Cyclodextrin: 1H NMR (300 MHz, D2O): δ = 4.928–4.919 (7H, d, J = 

3.3Hz), 3.484-3.496 (7H, dd, J=9.6 Hz), 3.860-3.863(7H, t, J= 3.6 Hz), 3.412-

3.418(7H, t, J= 9.9 Hz), 3.793-3.812 (21H, m). 

 NTHCL: 1H NMR (300 MHz, D2O): δ = 2.528 (3H, s); 2.960 -3.025 (4H, m); 

5.745 -5.794 (1H, t, J=7.5); 2.38 -2.444 (2H, m); 2.765-2.866 (2H, m); 7.303-7.051 

(8H,m). 

β-Cyd/NTHCL: 1H NMR (300 MHz, D2O): δ = 2.553 (3H, s); 3.017-3.079 

(4H, m); 5.785- 5.834 (1H, t, J=7.5); 2.445-2.518 (2H,m); 2.789-2.833 (2H,m); 6.926 -

7.308 (8H,m); 4.903-4.914 (7H, d, J = 3.3Hz);  3.466-3.407 (7H, dd, J=9.6 Hz); 3.534-

3.546 (7H, t, J= 3.6 Hz); 3.350-3.284 (7H, t, J= 9.9 Hz); 3.598-3.567 (21H, m). 

 

VII.4.4. 2D NMR ROESY analysis 

Two dimensional (2D) ROESY NMR spectra have been performed additionally 

to get better the geometry of the NTHCL/β-Cyd complex. 2D-ROESY provides the 

information about the spatial proximity between the host and guest molecules by 

observing intermolecular cross-relations [47, 48]. The appearance of cross-peaks 

(Figure 5) between -CH3 group protons, H-α, H-β and H-γ protons of NTHCL and the 

H3, H5 protons of β-Cyd supports the proposed complexation of the NTHCL 

molecules into the hollow space. Clear cross-peaks of aromatic protons and the 

cyclohentane (2, 2’) protons of NTHCL with the H3, H5 protons of β-Cyd in 2D-

ROESY are assigning the encapsulation of aromatic moiety into the β-Cyd cavity [40, 

49- 51]. 
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Figure 5. 2D ROESY spectra of solid inclusion complex of NTHCL and β-Cyd in D2O 

(correlation signals are marked by green circles). 

 

VII.4.5. 13C NMR Spectroscopy 

13C spectroscopy is a helpful method to investigate inclusion phenomenon. It is 

used to assess the information on the environment of individual carbons and 

intermolecular interactions [15, 52, 53]. The shifts of six carbon atoms for β-Cyd and 

the chemical shifts of NTHCL carbons have been listed in Table 3 (Figure 6). The 

significant shifting of C1
β-CD and C4

β-CD in solid inclusion complex are due to 

conformational changes of the α-1, 4 glycosidic bond. The shifting of C2
β-CD, C3

β-CD and 

C5
β-CD also approved the incorporation of the NTHCL to β-Cyd hole. In solid IC, the 

change in δ value of the C6
β-CD carbon that bears the primary alcohol indicates the 

conformational changes (gauche/trans conformations) of the primary alcohol [54]. 

These shifting suggest that host-guest complexation occurs between NTHCL 
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molecule and β-Cyd. All carbon atoms of β-Cyd are shifted due to encapsulation of 

NTHCL molecule into the core of β-Cyd. The 13C-chemical shift displacements of 

NTHCL by the addition of β-Cyd under the same condition have also been listed in 

Table 1. A larger shift changes are observed in the side chain of NTHCL than the tri-

cyclic moiety of NTHCL. These results suggest that β-Cyd includes preferably the 

side chain moiety of NTHCL within the whole of the β-Cyd. 

 

 

 

Figure 6. . 13 CNMR spectra of (a) β- Cyd, (b) 1:1 molar ratio of solid  NTHCL/β-Cyd 

inclusion complex and (c) NTHCL  in D2O at 298.15 K. 
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Table 3: 13C NMR- chemical shift displacements of β-Cyd, NTHCL and β-Cyd/ 

NTHCL at 1:1 molar ratio in D2O at 298.15Ka 

 δ C (ppm) δ IC (ppm) Δ δ (ppm) 

β-CD    

C1
β-CD

 101.83 101.99 0.016 

C2
β-CD

 73.32 73.36 0.04 

C3
β-CD

 71.61 71.92 0.31 

C4
β-CD

 81.02 81.19 0.17 

C5
β-CD

 78.95 78.84 -0.11 

C6
β-CD

 60.20 59.67 -0.53 

NTHCL    

C1 47.58 48.42 0.84 

C2 25.10 25.61 0.51 

C3 124.34 124.02 - 0.32 

C4 35.11 35.82 0.71 

C5 145.13 146.81 1.68 

C6 125.55 125.38 -0.17 

C7 127.97 128.00 0.03 

C8 127.60 127.67 0.07 

C9 129.71 129.52 -0.19 

C10 32.52 32.43 -0.09 

C11 138.88 138.79 -0.09 

C12 136.60 136.63 0.03 
a Standard uncertainties in temperature (T)=0.01K. 
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VII.4.6. FTIR study for complex 

FTIR spectra of NTHCL, β-Cyd and NTHCL/β-Cyd complex (1:1) is shown in 

Figure 7. IC formation may also be confirmed by FTIR spectroscopy [55, 56]. The 

resulting bands from the included guest molecule are usually shifted or nowhere to 

be found in the resulting form or their intensities are changed. The valence vibration 

of the N-H bond (secondary amine) and C-H aromatic ring at 3431 cm-1 and 3070 cm-

1 are recorded respectively. The absorption bands with maxima at 1595 cm-1 and 

1159 cm-1 are shown for aromatic C=C benzene ring and C-N in the amino group 

respectively. The band valence vibration of the C-N-C bending and N-CH3 bond 

stretching have been assigned to 590 cm-1 and 2944 cm-1 respectively. 

 

 

Figure 7. FT-IR spectra of (a) β- Cyd (in KBr), (b) NTHCL and (c) NTHCL/β- Cyd (1:1 

molar ratio) solid complex (in KBr). 
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The broad band at 3368 Cm-1 that appears in pure β-CD spectrum (Figure 7, 

curve b) indicates the valence vibrations of O‒H (vbr(O‒H)) groups connected by H-

bond. The vsp
3(C‒H) bond stretching of β-CD is assigned at 2923 cm-1. The vbend(O‒H) 

stretching of COH groups and water molecules is recorded at 1638 cm -1.  The 

v(C‒O‒C) bond stretching and v(C‒C‒O) bond stretching  are found at 1157 cm-1 and 

1030 cm-1 respectively [57-59]. 

The significant intensities changes and the shifting in characteristic bands of 

the two binding partners undoubtedly confirm the insertion of the NTHCL in β-CD in 

the resultant complex (Figure 7, curve c). The non-covalent interactions like 

hydrogen bond (H-bond), hydrophobic interaction and Van der Waals interaction 

that appear in complex are held responsible for the changes. 

 

VII.4.7. Powder X-ray diffraction pattern 

The X-ray powder diffraction patterns of a complex should be evidently 

different from that superimposition of each component if an actual inclusion 

complex has been formed [60-62]. The presence of characteristic diffraction 2θ 

patterns with reduced peak intensity of the drug in lyophilized product with β-Cyd 

confirms hollow model with entire disappearance of characteristic diffraction peaks 

of NTHCL (Figure 8) signifying proper inclusion. 
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Figure 8. Powder X-ray diffraction pattern of (a) β-Cyd, (b)NTHCL and (C) NTHCL/β-

Cyd (1:1 molar ratio) inclusion complex. 

 

VII.5. CONCLUSION 

In this research, the interaction of NTHCL with β-CD and stability constant (K) 

of this complexation have been elucidating using UV-spectroscopy and fluorescence 

measurement. The job’s method reveals that the NTHCL/ β-CD forms 1:1 complex. 

Characterization by 1HNMR, ROESY, 13CNMR, FTIR, PXRD have been performed and 

all of these techniques are utilised to support the complexation phenomenon. 

1HNMR and ROESY clearly suggest that the not only the aliphatic tail is involved but 

the tricyclic ring also participates in this process The resultant complex is found to 

be water soluble which can be used as regulatory releaser of the selected drug in 

human body and suitable for successive applications. 
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