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Abstract
Tamoxifen (TMX), a class II antiestrogen drug consistent with the biopharmaceutical classification system, shows low plasma 
levels leading to therapeutic failure as a result of poor aqueous solubility. Complexation with multifunctional excipients 
cyclodextrins (CDs) is an effective technique to increase the bioavailability of low water-soluble drugs in oral dosage forms. In 
this study, solid complexes were obtained with three cyclodextrins (methyl-beta-cyclodextrin (M-β-CD), hydroxypropyl-beta-
cyclodextrin (HP-β-CD) and sulfobutyl ether β-cyclodextrin (SBE7-β-CD)) using co-lyophilization or kneading methods. 
Physicochemical characterization of solid complexes were performed by differential scanning calorimetry and Fourier 
transform infrared spectroscopy. The obtained results demonstrated that co-lyophilization method comprises stable inclusion 
complexes between TMX and cyclodextrins. Dissolution study exhibited that aqueous solubility of TMX was significantly 
enhanced by complexation with methyl-beta-CD. Consequently, tablet formulation using co-lyophilized complex of TMX 
and M-β-CD (1:1) with drug dose equivalent to 10 mg was prepared by direct compression method. 99% drug was released 
from the formulation at the end of 30 min. From the comparative results of dissolution study, it was found that the prepared 
formulation showed better release properties than commercial TMX tablets. Animal studies were performed with tablet 
formulation of TMX:M-β-CD and commercial tablet formulation administered to Sprague–Dawley rats by oral gavage. Peak 
concentration (Cmax) of tablet formulation containing TMX/M-β-CD inclusion complex in mice was efficaciously enhanced 
twofold over commercial tablet. In conclusion, complexation of TMX with M-β-CD gives a more effective tablet formula-
tion with improved dissolution and enhanced oral bioavailability which can be promising for the formulation of tamoxifen.

Keywords Oral bioavailability · Tamoxifen · Cyclodextrin · Complexation · Pharmacokinetics

Introduction

Antiestrogen tamoxifen is applied in clinics for first-line 
hormone treatment as well as adjuvant therapy in early/
metastatic breast cancers in postmenopausal females. 
Also, this drug is approved to prevent breast cancer for 
high-risk women [1, 2]. The commercial tablet formula-
tion of tamoxifen citrate has several limitations to its bio-
availability such as precipitation in gastric environment 
after oral administration, first-pass metabolism, multidrug 
resistance (MDR) transporters efflux in potential organs 
(intestine and liver) that hinders systemic exposure and 
causes drug-induced hepatotoxicity and poor systemic 
bioavailability [3–7]. In addition, tamoxifen is considered 
the cause of significant adverse effects including endo-
metrial carcinoma, vein thrombosis, pulmonary embo-
lism and ocular effects that are related to be dose- and 
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concentration-dependent [8]. Thus, there is need to 
develop a new formulation for TMX to diminish these 
important side effects and to improve bioavailability upon 
oral administration.

Tamoxifen is classified as class 2 compound, which has 
low solubility and favorable permeability characteristics 
in biopharmaceutics classification system (BCS) suggest-
ing that it shows low oral bioavailability [9–11]. For class 
2 drugs, drug dissolution is the rate-limiting step of drug 
absorption. Thus, when administered as oral dosage forms, 
the pharmaceutical formulation, in particular the use of 
excipients and innovative technologies, play an important 
role in drug absorption from gastrointestinal tract [12].

Potential bioavailability difficulties are common in hydro-
phobic drugs characterized with low water solubility or 
uncomplete absorption from gastrointestinal area [13]. In 
addition, TMX’s very poor water solubility lead to formula-
tion problems and limits its therapeutic use [14]. Up to now, 
different formulation approaches like salt formation, particle 
size reduction, solid dispersions, prodrugs and complexation 
have applied to increase the drug solubility in the gastro-
intestinal area and their oral bioavailability [15–17]. Jena 
et al. developed TMX:phospholipid complex and found its 
positive effect on solubility and bioavailability of TMX due 
to increased hydrophilicity [11]. Dehghani et al. prepared a 
TMX loaded microemulsion system as an oral administered 
drug. The in vivo results showed that a new formulation 
could be a useful candidate in terms of a significant reduc-
tion in tumor growth [18]. In another study, hot melt extru-
sion (HME) technique were used to ensure co-delivery of 
tamoxifen and resveratrol that is effective for ER-positive 
breast cancer. Dissolution studies confirmed that HME 
extrudates were able to release drug more rapidly than drug 
suspension. Also, pharmacokinetic studies in rats demon-
strated that extrusion significantly increased the tamoxifen 
oral bioavailability [19].

Among these techniques, a popular approach is the utili-
zation of cyclodextrin-based formulations in which the drug 
enters the nonpolar cavity of CDs and the resulting complex 
of drug:CD enhances the solubility while retaining the origi-
nal chemical composition thus maintaining stability [20]. 
Host–guest complexation studies take place in the literature 
to overcome drawbacks like low bioavailability. In a study, 
Shukla and colleagues prepared and characterized a water-
soluble complex of TMX-2HP-beta-CD to increase TMX 
solubility. The results showed that TMX-2HP-β-CD complex 
penetrated the tissue because of the enhanced permeability 
and retention characteristic of tumor tissue resulting remark-
able antitumor effect in the ovarian cancer cell line [21]. 
Shangguan et al. used pillar[6]arene to increase the solubil-
ity and stability of TMX by host–guest complexation. These 
drug complex showed increased water solubility and higher 
anticancer efficiency than free drug [22].

Cyclodextrins are cyclic crystalline, nonhygroscopic 
oligomers of glucose that are connected to each other by 
α-(1,4) glycosidic bonds. Alpha (α-CD), beta (β-CD) and 
gamma-cyclodextrins (γ-CD) are the pharmaceutically rel-
evant natural CDs with number of α-d-glucopyranose units 
that are 6, 7 and 8, respectively [20, 23, 24]. Cyclodextrins 
has a torus shape with a hydrophilic surface and a relatively 
hydrophobic inner cavity. This lets inclusion complex forma-
tion between cyclodextrin as a host molecule and hydropho-
bic guest molecules. This property could give to widespread 
usage of cyclodextrins in pharmaceutical formulations in an 
effort to enhance solubility of low-water soluble drugs [1, 9]. 
Also, cyclodextrins have an ability to overcome drawbacks 
of anticancer drugs. The lack of treatment efficacy has cre-
ated the need to develop new strategies based on combina-
tion of cyclodextrin complexation and nanotechnology in an 
attempt to achieve more efficient therapy [25]. In the litera-
ture, many anticancer drugs have been reported to complex 
with natural cyclodextrins and their derivatives to improve 
physicochemical characteristics like solubility, stability, dis-
solution and oral bioavailability. Complexation of oridonin 
with 2-HP-β-CD led to significant improvement in dissolu-
tion and permeability. As a result of this, nanosuspensions 
prepared from drug:CD complex significantly increased 
the oral bioavailability of anticancer drug oridonin [26]. 
Similarly, complexation of myricetin with HP-β-CD led to 
an approximately tenfold increase in oral bioavailability in 
comparison with free drug [27]. For tamoxifen, inclusion 
complexes were prepared with β-cyclodextrin and 2,3-di-O-
hexanoyl-β-cyclodextrin resulting in high anticancer efficacy 
for free drug [28].

In the light of the present status of the literature in the 
field, the purpose of this study was to increase dissolution 
rate and oral bioavailability of the class II drug Tamoxifen 
through a tablet formulation based on cyclodextrin compl-
exation. Different cyclodextrin types and preparation tech-
niques were evaluated for the optimal tamoxifen formula-
tion and in vivo bioavailability of the novel formulation was 
compared to commercial product in animal model pharma-
cokinetic study.

Materials and methods

Materials

Tamoxifen citrate (TMX, molecular weight (MW): 371.51 g/
mol) was kind gifts from TEVA Pharmaceuticals (Plantex 
Netanya), Israel. Methyl-β-cyclodextrin (M-β-CD, MW: 
1310 g/mol, solubility in water at 25  °C: 800 g/L) and 
hydroxypropyl-β-cyclodextrin (HP-β-CD, MW: 1541.547 g/
mol, solubility in water at 25 °C: 2300 g/L) were supplied 
as  Cavasol® W7 M and  Cavasol® W7HP respectively, as 
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kind gifts of Wacker Chemie, Germany. Sulfobutyl ether 
β-cyclodextrin (SBE7-β-CD, MW: 1134.987 g/mol, solubil-
ity in water at 25 °C: 700 g/L) was supplied as  Captisol®, 
as kind gift of Cydex Inc. (Lenexa, KS). Octane-1-sulfonic 
acid sodium salt was purchased from Merck (Germany). 
Methanol (HPLC grade) was purchased from Sigma-Aldrich 
(Germany). Ultrapure water was obtained using Millipore 
Simplicity 185, France. Sodium starch glycolate, magnesium 
stearate and  Avicel® pH 102 were obtained from Eczacıbaşı 
(Turkey). All other reagents were of reagent grade and were 
used without purification.

Methods

Preparation of TMX:CD inclusion complexes

Kneading method Weighed accurately the specified quan-
tity of TMX and CDs (totally 1 g) were mixed 1:1 molar 
ratio in a glass mortar for 5 min. Small amount of water was 
added drop by drop until the mixture became slurry and this 
slurry mixture was kneaded for 30 min. The paste was dried 
in an incubator at 40 °C for 48 h.

Physical mixtures (PM) of the drug and the cyclodextrins 
that were also characterized were prepared by homogeneous 
mixing of formerly weighed amounts of TMX and CD (1:1 
molar ratio) in a mortar with a spatula for 15 min.

Co‑lyophilization method TMX and cyclodextrins were 
accurately weighed (1:1 molar ratio). Saturated solutions 
were prepared with cyclodextrins and water. Following, 
TMX was dissolved in ethanol and slowly put into CD aque-
ous solution. Then, suspension was stirred at 25 °C for 24 h 
in dark. Ethanol was evaporated with rotavapor (IK RV 10 
basic, Germany) at 40 °C and obtained mass were freeze-
dried for 24 h to get white fluffy powder (Heto PowerDry 
PL 3000, Denmark).

Physicochemical characterization of TMX‑CD inclusion 
complexes

Inclusion complexes and physical mixtures of TMX with 
different CDs and different preparation techniques were 
evaluated using spectroscopic, thermal and microscopy 
techniques. These studies are described and carried out as 
follows:

FT‑IR analysis FT-IR spectra of free TMX, M-β-CD, 
HP-β-CD, SBE-β-CD, PMs and inclusion complexes 
were collected on the FT-IR spectrophotometer (Perkin-
Elmer BX, USA). The spectral range was between 800 and 
4000 cm−1.

Differential scanning calorimetry (DSC) DSC curves of 
TMX, M-β-CD, HP-β-CD, SBE-β-CD, PMs and inclusion 
complexes were performed using a DuPont DSC 910 Instru-
ment (DuPont, USA). Each sample (3–5 mg) was pierced in 
aluminum pans which were heated over temperature range 
of 20–270 °C with a rate of 10 °C/min, in a nitrogen atmos-
phere. To observe the possible crystalline conversion to 
amorphous form during lyophilization, free drug was also 
subject to the same procedures of the co-lyophilization tech-
nique without the presence of CDs.

Dissolution of TMX from inclusion complexes

The dissolution profiles of free TMX and TMX:CD com-
plexes prepared by either kneading or co-lyophilization 
methods were determined. The dissolution behavior of tab-
lets was determined using the USP 29 method [29]. Dissolu-
tion experiments were performed with 6 times on lyophilized 
samples with a Sotax dissolution apparatus (USA). This 
study was carried out using Apparatus 2 in 0.02 N HCl at 
37 °C and stirring speed of 100 rpm. Aliquots from lyophi-
lized samples, equivalent to 10 mg of TMX, were added to 
1000 mL 0.02 N HCl. At appropriate time, aliquot was with-
drawn and replaced with the same volume of fresh medium. 
All samples were filtered by 0.45 μm filter. Filtrate was 
assayed by an HP Agilent 1100 HPLC system with a DAD 
detector. The column was  Kromasil® reversed phase C18 
(250 × 4.6 mm), a mobile phase of methanol:water (678:322 
v/v) including 1.08 g octane-1-sulfonic acid sodium salt and 
2 mL glacial acetic acid, injection volume: 20 µL and flow 
rate: 1 mL/min.

Formulation of TMX:M‑β‑CD tablets

A tablet formulation was prepared using the optimized 
TMX/M-β-CD co-lyophilized complex to compare com-
mercial tablet from the point of dissolution as well as in vivo 
behavior. Since in vitro characterizations of the complexes 
and dissolution studies indicated M-β-CD and co-lyophi-
lization technique giving optimal results, TMX/M-β-CD 
co-lyophilization complex was further used in the tablet 

Table 1  The formulation of the tablet containing TMX:M-β-CD (1:1) 
lyophilized complex

TMX:M-β-CD (1:1) lyophilized complex 53 mg (equivalent to 
10 mg TMX base) 
(mg)

Avicel PH 102 300
Sodium starch glycolate 40
Magnesium stearate 7
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formulation. The tablets were prepared using direct com-
pression of formulation constituents shown in Table 1. The 
tablets were compressed using single punch direct compres-
sion machine.

The respective powders (TMX:M-β-CD inclusion com-
plex, Avicel pH 102, sodium starch glycolate and magne-
sium stearate) mixed with a mortar and a pestle. The admix-
ture were weighed and fed manually into an instrumented 
single-punch tablet press.

Dissolution profile of TMX from tablets

Dissolution test for TMX/M-β-CD tablets and commercial 
conventional tablets were performed at twelve times, via 
a Sotax dissolution test apparatus (USA). The dissolution 
study was carried out using Apparatus 1 in 0.02 N HCl 
at 37 °C and stirring speed of 100 rpm according to USP 
29. Tablets were added to 1 L 0.02 N HCl. At predeter-
mined time, aliquot replaced with the same volume of fresh 
medium. All samples were filtered by 0.45 μm filter. Filtrate 
was assayed by analytically validated HPLC method. f1 value 
(difference factor) and f2 value (similarity factor) were cal-
culated to compare dissolution profiles.

In vivo bioavailability studies

Animal and  dosing A total of 16 female Balb-c mice 
(35–40 g, 6–8 weeks age) were purchased from Hacettepe 
University, Laboratory Animals Research and Application 
Center (Ankara, Turkey). The animals were maintained in 
cages at 22 ± 3 °C, 55% relative humidity of under a 12-h 
dark/light cycle. Mice were allowed free access to water but 
were fasted for 12 h before drug administration. This experi-
ment was carried out according to the Turkish Law for the 
Protection of Animals. The local ethics committee of ani-
mal experimentations (Hacettepe University) approved this 
study. (Approval number 2013/40-14) For each test group, 
eight mice were used to investigate tamoxifen pharmacoki-
netics.

Mice were anesthetized for approximately intraperitoneal 
dose of chloral hydrate (400 mg/kg body weight). Group 1 
and 2 received a single oral gavage of commercial tablet 
and tablet formulation preparing with tamoxifen citrate:M-
β-CD complex dissolved in water (equivalent to 10 mg/kg 
of tamoxifen base), respectively.

Blood sampling Blood samples were withdrawn via cath-
eter inserted into the jugular vein of mice at 1, 2, 4, 8, 24, 48 
and 72 h after dosing. Then, blood samples were collected 
into heparinized tubes and placed on wet ice until centrifu-
gation. After that plasma was separated with centrifugation 
at 5000 rpm for 15 min. 200 µL acetonitrile was added in 
100 µL plasma, to precipitate proteins. The samples were 

vortexed at 30 s and centrifugated at 13,500 rpm for 15 min. 
The supernatant were separated and analysed for drug con-
tent by validated LC–MS/MS method. Pharmacokinetic 
parameters were estimated with non-compartmental analy-
sis using PKSolver.

LC–MS/MS analysis of tamoxifen in mice plasma The analy-
sis of tamoxifen in mice plasma was performed using LC–
MS/MS method from Gjerde et al. with slight modifications 
[30]. LC–MS/MS system consists of a Shimadzu 8530 triple 
quadrupole mass spectrometer with an electrospray ioniza-
tion source (ESI), pump and autosampler system. Separa-
tions were carried out using a  C18 column (2.1 × 50  mm, 
3  µm) at 40  °C with a flow rate of 300  µL/min. An iso-
cratic elution was performed with mixture of mobile phase 
A (0.1% formic acid in water) and B (0.1% formic acid in 
acetonitrile) (55:45, v/v). The injection volume was 10 μL 
and the total run time was 6 min. The ESI–MS/MS condi-
tions were as follows: interface voltage, 4.5 kV; Q1 pre-rod 
bias voltage, − 14 V; Q3 pre-rod bias voltage, − 21 V; col-
lision energy, − 35 eV; nebulizer gas flow rate, 3 mL/min; 
drying gas flow rate, 15  L/min; desolvation line tempera-
ture, 250 °C; heat block temperature, 400 °C. Quantification 
was performed using multiple reaction monitoring (MRM) 
mode with m/z 372.3 [M+H]+ →  72.1 (product ion) for 
tamoxifen with 200 ms of the Dwell time.

Statistical analysis

All the results are given as mean ± standard deviation (SD). 
Data was analyzed using Student’s t test or one-way ANOVA 
(SPSS Statistics, US); p-values < 0.005 was considered as 
statistically significant.

Results and discussion

In order to develop an enhanced tablet formulation of BCS 
Class II drug TMX, drug inclusion complexes with three dif-
ferent CD derivatives (M-β-CD, HP-β-CD, SBE-β-CD) were 
prepared by two preparation techniques. Complexation capa-
bilities and enhancement of dissolution and bioavailability 
were comparatively evaluated to obtain optimal TMX:CD 
complex to be further formulated into tablets.

Preparation of inclusion complexes

The method of complexation may play a role in drug solu-
bilization [31]. Among the methods used in order to pre-
pare complexes with cyclodextrin, the most efficient one 
proved to be the kneading method, as it was carried out 
with relatively high complexation yields compared with 
the co-lyophilization method, where complexation yields 
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were low. In addition to this, kneading method is the easier, 
faster and cost effective method of complexation [32]. On 
the other hand, each preparation method may not be suitable 
for every active ingredient. In fact, the yields of the pro-
cesses were approximately 93% for kneading, and 70% for 
co-liyophilization method in our experiments. However, co-
liyophilization method was chosen that give the best results 
in terms of characterization and dissolution studies. Yield 
was calculated using the equation:

where, a is the mass of the inclusion complex, b is the mass 
of TMX taken for inclusion complex preparation, and c 
is the mass of cyclodextrin taken for inclusion complex 
preparation.

Characterization of inclusion complexes

Differential scanning calorimetry (DSC) analysis

DSC analysis gave further information about the ther-
mal properties of drug-cyclodextrin complexes. Tamox-
ifen citrate has a well defined characteristic endotherm at 
140–144 °C, corresponding to the melting point temperature 
and this finding is compatible with literature [33]. Disap-
pearance of TMX’s characteristic endothermic peak between 
at 142–146 °C shows the absence of free crystalline TMX. 
DSC thermograms of TMX, different CDs, physical mix-
tures and different TMX:CD complexes are given in Fig. 1.

As shown in Fig. 1, the endothermic peak of TMX com-
pletely disappeared in all formulations with co-lyophili-
zation method for all three cyclodextrin derivatives which 
indicated that drug was incorporated into cyclodextrin cavity 
and later formed amorphous complex through co-lyophiliza-
tion method. For kneading method, a small and wider DSC 
peak was observed that indicates the presence of free TMX 
crystals and incomplexation. This suggested that the com-
plexes prepared with co-lyophilization are more stable than 
the complexes prepared by kneading method. Otherwise, 
the endothermic peak of TMX is seen in physical mixture. 
Hence, the presence of TMX peak in physical mixture could 
evidence that no true inclusion complex has formed in this 
system as can be expected. These results were accordance 
with FT-IR results which are represented in Fig. 2.

FT‑IR analysis

Figure 2 shows a comparison of FTIR spectra of TMX, phys-
ical mixtures and complexes. Spectra of all inclusion com-
plexes can’t exhibit new peaks suggesting that no chemical 
bonds were obtained in formed compounds. However, it can 
be observed that the intensity of both bands is decreased in 
all inclusion complexes. FTIR spectrum of TMX indicated 

Yield = [a∕(b + c)] × 100

sharp peaks at: 699 cm−1 related to tertiary amine aromatic 
peak, an intense peak at 1157 cm−1 due to alkyl-substituted 
ether, C–O stretching, 1660  cm−1  due to alkenyl C=C 
stretching, 2929 cm−1 due to C–H stretching.

In the case of inclusion complexes, a major change was 
seen in the fingerprint region 900–1400 cm−1 as an inten-
sive peak due to O–H stretching special to the carbohydrates 
that is shifted to 3000 cm−1 in the complex, showing inter-
action of –OH groups of CDs with the secondary amide 
R–NH–C=O group of TMX.

Dissolution of TMX from inclusion complexes

To compare dissolution profiles of optimal CD complexes 
in powder form of TMX prepared with co-lyophilization 
method, 0.02  N HCl was used as dissolution medium 
because it is registered by USP 29 for TMX tablets disso-
lution. In the light of previous characterization data, com-
plexes prepared with co-lyophilization method showed better 
complexing ability than kneading method. Therefore, co-
lyophilized TMC:CD complexes were selected for dissolu-
tion studies. Dissolution profiles of free TMX powder and 
TMX:CD complexes in 0.02 N HCl were given in Fig. 3.

In 0.02 N HCl medium, the dissolution of free TMX 
was slower than the TMX in inclusion complexes and also 
incomplete even after 60 min. All inclusion complexes pre-
pared with different cyclodextrins showed better dissolution 
properties than TMX powder (immediate and complete dis-
solution within 30 min). HP-B-CD and M-B-CD inclusion 
complexes actually demonstrated immediate release profiles 
with more than 90% dissolution in the first 15 min. There 
was an efficient and significant increase (p < 0.05) in the 
dissolution of tamoxifen from inclusion complexes. It was 
indicated that all complexes demonstrated a faster dissolu-
tion rate with respect to free TMX due to complexation. 
Cyclodextrins have played a critical role to formulate of low 
water-soluble drugs by decreasing the drug crystallinity and 
improving apparent solubility and dissolution [34].

Complexation enhanced TMX solubility with particle 
size reduction in molecular grade and provide optimal inter-
action between drug and gastrointestinal fluid leading quick 
dissolution. It can be clarified by higher aqueous solubility, 
wetting capability and complexation capability of CDs to 
solid drug. In addition, complex stability is the principal 
property influencing the dissolution rate due to free crys-
tal TMX impact. Obtained results are in correlation with 
complex characterizations and free crystalline TMX in 
complexes.

The presence of methyl groups on cyclodextrin ring is 
a superiority for simple ionic drugs like tamoxifen [35]. 
Tamoxifen is cationic and basic drug. The methylated β-CDs 
significantly increased the solubility of these cationic com-
pounds due to charge–charge repulsion [35]. In the literature, 
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many studies can be found that methyl-β-CD enhance the 
dissolution properties of many poorly soluble drugs [36–39].

On the other hand, many studies have reported about the 
superiorities of ionic CDs such as SBE-β-CD in complexa-
tion of drugs with the opposite charge [40]. The SBE-β-CD-
formulated, FDA-approved, commercial drugs (amiodarone, 

aripiprazole, maropitant, voriconazol etc.) are all cationic 
molecules. The electrostatic interaction between the posi-
tive charge of the guest and the negative charge of the sul-
fonate groups in the SBE-β-CD host increase the effect of 
host–guest complexation, for example, the solubilization. 
Cationic molecules like tamoxifen interact with negatively 

Fig. 1  DSC thermograms of 
TMX, CDs, inclusion com-
plexes (K kneaded complex, L 
co-lyophilized complex) and 
physical mixtures (PMs)
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Fig. 2  FT-IR spectra of TMX, 
CDs, inclusion complexes (K 
kneaded complex, L co-liyo-
philized complex) and physical 
mixtures (PMs)
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charged SBE-β-CD that exhibit a high binding capacity as 
their neutral counterpart, due to charge-charge attraction. 
Only, this lower than expected increase in the complexa-
tion yield could be observed due to changes in the loca-
tion of drug molecule within cyclodextrin cavity. That is, 
when the cyclodextrin and drug molecules have opposite 
charges, the drug molecule has to arrange itself within the 
cavity to allow for the ionic interactions, but at the same time 
the forces between the drug molecule and the cyclodextrin 
molecule within the cavity will be reduced. For example, 
in some cases the hydrophobic moiety of a drug molecule, 
which under normal conditions would be located well inside 
the cavity, will partly be located outside the cavity to allow 
for ionic interactions between the drug and the cyclodextrin 
molecules [41].

When our findings are examined, enhanced dissolution 
was found to be consistent with ionic different cyclodextrins 
described above in the order of M-β-CD (cationic) > SBE-
β-CD (anionic). Taking into account all of these results, 
presence of charge on the cyclodextrin structure provides 
an additional site of interaction compared to neutral cyclo-
dextrins [40].

Dissolution profile of TMX from tablets

To compare the results and assess the influence of tablet 
formulation on TMX dissolution performance, dissolution 
tests were done under the same experimental conditions 
previously used. In fact, for the tablet formulation M-B-CD 
complexed with TMX was selected for further studies after 
the in vitro characterization data in especially dissolution 
from powder form. Dissolution profiles of TMX:M-β-CD 
tablets and commercial tablets were shown in Fig. 4.

Each data point defines a mean of twelve measurements 
for each product. The dissolution of TMX from commercial 
tablets was incomplete after 60 min in 0.02 N HCl. On the 
other hand, TMX:M-β-CD tablets show a 100% dissolution 
profile in 0.02 N HCl in 45 min, which may be significant 
property for industrial large-scale production. This situation 

proved low cost and the ordinary process that include less 
time and equipment. f1 and f2 values were calculated as 25.7 
and 35.9 for 0.02 N HCl media, hence TMX:M-β-CD tab-
lets and conventional Tamoxifen  TEVA® dissolution were 
therefore demonstrated to be significantly different from 
each other (p < 0.05).

As can be seen, TMX:M-β-CD tablets showed signifi-
cantly better drug dissolution performance than the commer-
cial tablet formulation. Moreover, similar results were seen 
in dissolution rate for the corresponding inclusion complex 
powders (Fig. 3). In fact, TMX:M-β-CD tablets displayed 
analogous dissolution parameters, both allowing an increase 
of more than two times of drug dissolution efficiency at 
60 min, in accordance with free TMX. These findings indi-
cated that the superior performance of inclusion complex 
retained after its incorporation into tablet formulation. Based 
on these results, these new tablet formulation containing 
tamoxifen was chosen for oral bioavailability studies pro-
posed to evaluate its therapeutic efficacy in comparison with 
commercial tablet formulation.

Due to inclusion complex-forming ability of cyclodex-
trins, CDs can be used as excipients in tablet formulations. It 
should be highlighted that cyclodextrin basic application is 
to increase the dissolution and bioavailability of low water-
soluble drugs especially class II and class IV drugs [42]. 
The function of cyclodextrins in oral delivery system is as 
an excipient to transfer drugs across an aqueous phase to 
lipophilic surface in the gastrointestinal region by forming 
inclusion complexes which help in enhancing the dissolution 
rate of low aqueous soluble drugs [43].

When we look at the commercial tablets containing CDs, 
α-CD, β-CD and HP-β-CD were drawn attention for phar-
maceutical applications [42]. β-CD, γ-CD, HP-β-CD and 
SBE-β-CD are included in EMA guideline for oral prod-
ucts. SBE-β-CD and HP-β-CD are cited in the FDA’s list of 
inactive pharmaceutical ingredients. There are cyclodextrin 
monographs in several pharmacopoeias such as European 
Pharmacopoeia, United States Pharmacopoeia National 
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Formulary and Japanese Pharmacopoeia. Considering CDs 
that can be used in tablet formulations for oral drug deliv-
ery, β-CD, HP-β-CD and SBE-β-CD are the most commonly 
reported in the literature. In the light of these information, 
these new tablet formulation prepared modified cyclodextrin 
derivatives may be a promising candidate in terms of pro-
ducibility and commercialization.

In vivo bioavailability studies

TMX bioavailability from the conventional and the M-B-CD 
complexed formulations were evaluated using the param-
eters, total area under the plasma level–time curve (AUC 
0–inf), peak plasma concentration (Cmax), and time to reach 
peak plasma concentration (Tmax). A statistically significant 
difference was observed between the values of the tablet 
including drug–CD complexes and commercial tablet for 

the three parameters. Moreover, the 90% confidence interval 
for the ratio of the AUC 0–∝ values of the M-β-cyclodextrin 
complex over those of TMX was estimated to be 781 ± 155, 
while that of Cmax was 36.6 ± 25.3 ng/mL as can be seen 
in Table 2. These findings indicated that drug-cyclodextrin 
complexes had a much higher rate and extent of bioavail-
ability in comparison with commercial product.

The plasma concentration versus time are shown in Fig. 5. 
The pharmacokinetic outline of TMX/M-β-CD tablet dem-
onstrated an apparent advantage on commercial tablet for-
mulation. As expected, plasma concentration of the complex 
was much higher than that of tamoxifen in 72 h. The pharma-
cokinetic parameters of tamoxifen as an inclusion complex 
and as a commercial tablet are listed in Table 1.  Cmax of the 
TMX complex group were significantly (p < 0.01) increased 
twofold compared to that of the reference.  Tmax of tamoxifen 
was statistically accelerated (p < 0.01) from 2.00 ± 3.46 h for 
commercial product to 1.00 ± 0.577 h for TMX/M-β-CD 
inclusion complex. AUC 0–72h after oral administration of 
TMX/M-β-CD inclusion complex was much higher. Moreo-
ver, the elimination half-life  (t1/2) of the inclusion complex 
was prolonged from 33.7 to 47.8 h, providing more time for 
absorption than the reference tablet formulation.

In this research, it seems that increased solubility and 
dissolution were featured parameters for higher  Cmax and 
AUC following oral TMX/M-β-CD inclusion complex 
administration. In addition, extended elimination half-time 
may decrease Cl and render enough time to TMX absorp-
tion due to increased stability in gastrointestinal medium 
after complexation. Obtained results demonstrated that TMX 
absorption is extremely limited due to TMX solubility/dis-
solution properties (as can be seen in BCS Class II drugs) 
and solubility enhancing could be basic challenge. Hence, 
cyclodextrin complexation can be used as a promising tool 
for higher absorption with oral route.

Table 2  The pharmacokinetic parameters of tamoxifen from con-
ventional tablet and CD complexed tablet after oral administration to 
mice at a dose of 10 mg/kg (n = 3, ± SD)  t1/2, elimination half-time; 
Cl, clearance;  Vd, apparent volume of distribution; AUC, the area 
under the concentration–time curve

*p < 0.05 is compared with commercial tablet group

Parameters Commercial TMX tablet 
(mean ± SD)

TMX:CD tab-
let (mean ± SD)

AUC 0-72 (ng h/mL) 381 ± 83.8 406 ± 74.3
AUC 0-inf (ng h/mL) 565 ± 150 781 ± 155
Cmax (ng/mL) 17.9 ± 11.2 36.6 ± 25.3
tmax (h) 2.00 ± 3.46 1.00 ± 0.577
λz  (h−1) 0.021 ± 0.005 0.014 ± 0.002
t1/2 (h) 33.7 ± 19.4 47.8 ± 37.5
Vd (mg)/(ng/mL) 1.31 ± 0.786 1.34 ± 0.981
Cl (mg)/(ng/mL)/h 0.027 ± 0.006 0.019 ± 0.002

Fig. 5  The mean plasma con-
centration versus time profiles 
for TMX tablet formulations 
after a single oral dose of 
tamoxifen (n = 3, ± SD)
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In the literature, a few bioequivalance studies with TMX 
have drawn the attention. Tamoxifen and its active metabo-
lite desmethyltamoxifen possess long elimination half-lives. 
According to Marzo et al., the case of tamoxifen and its 
active metabolite could be considered as a borderline situ-
ation between crossover and parallel group designs [44]. In 
2004, same researchers found the usefulness of pilot trials on 
six volunteers with computer simulations in pharmaceutical 
development and in vitro-in vivo correlation studies [45]. 
Also, no clinical research studies with TMX:cyclodextrin 
complexes have taken part until today. In the light of data 
obtained oral bioavailability study, it can be indicated that 
these novel formulation significantly improve the perme-
ability and absorption of TMX in vivo.

Cyclodextrins are being increasingly studied and are 
emerging as promising platforms for providing pharmacoki-
netic and formulation design efficiency, without a compro-
mise on safety [46]. CDs are not toxic, because of the lack 
of absorption from the GI tract when administered orally 
[47, 48]. In EMA guideline, orally administered cyclodex-
trins at high doses (> 1000 mg/kg/day) may cause revers-
ible diarrhea and cecal enlargement in animals. All parent 
cyclodextrins are accepted as food additives and are granted 
the excipient status “generally recognized as safe” (GRAS).

HP-β-cyclodextrin and SBE-β-cyclodextrin are con-
sidered non-toxic when administered as low doses by 
oral administration [49]. Also, methyl-β cyclodextrin are 
absorbed to a greater extent from gastrointestinal tract into 
the systemic circulation. Me-β-CD being known to enhance 
drug permeation through mucosal surface [50, 51]. Along, 
penetration enhancing effect of Me-β-CD, it was used to 
enhance the cytotoxic effect of tamoxifen by causing cell 
cycle arrest, induction of apoptosis and decreases tumor 
growth in vivo. Me-β-CD is a frequently used FDA approved 
cyclodextrin to disrupt lipid raft. These properties make 
Me-β-CD superior to other cyclodextrin derivatives [52].

Conclusion

In this study, TMX:CD inclusion complexes were succes-
fully prepared and characterized by DSC analysis, SEM 
and FT-IR studies. Then, a new oral tablet formulation was 
designed using TMX:M-β-CD inclusion complex and com-
pared with tablets in the pharmaceutical market. In the light 
of data obtained in this study, the aqueous solubility and 
dissolution rate of TMX/M-β-CD inclusion complex were 
increased significantly compared to free TMX. Oral bio-
availability of TMX were significantly enhanced with TMX/
M-β-CD complex. Concisely, this study utilizes an efficient 
technique of complexation with CDs to come through the 
limited tamoxifen absorption and develop efficient oral dos-
age forms of TMX.
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