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Abstract: Controlled release formations of drugs were prepared from bichalcophene 

derivatives as drugs and sodium carboxymethylcellulose (NaCMC) as a matrix of 

natural polysaccharide. The release behavior of bichalcophene derivatives from the 

NaCMC matrix was studied. The solubility and chemical nature of these derivatives 

have a significant effect on their release characteristics. The current study showed that 

the cationic amidinic bichalcophene derivatives exhibit a slow release rate due to the 

formation of hydrogen bonds between their positively charged amino groups and the 

negatively charged carboxyl groups of the polymer matrix. The derivatives of poor 

solubility exhibit a slow release rate while soluble derivatives show a fast release rate. 
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1.Introduction

Carbohydrate polymers are extensively used 

in recent years in biomedical and 

pharmaceutical applications due to their 

biocompatibility and biodegradability [1-6]. 

However, the use of natural carbohydrate 

polymers like polysaccharides and proteins for 

biomedical, environmental, and analytical 

applications has attracted the attention of many 

investigators [7-15]. Carboxymethylcellulose 

(CMC) is the most common cellulose type 

among cellulose ethers. CMC is used in the 

food industry and production of non-food 

materials such as cement, ceramics, adhesives, 

textiles, paper, biocides, detergents, cosmetics, 

and pharmaceuticals as water-soluble cellulose 

derivatives. Preparation of CMC occurs by 

Williamson ether synthesis from alkali 

cellulose with monochloroacetic acid or its 

sodium salt in an aqueous-alcoholic medium. 

The manufacture of CMC is accomplished in 

two steps. The first step involves a suspension 

of cellulose in an alkali resulting in opening the 

bound cellulose chains and water penetration 

while the second step involves the reaction of 

cellulose with sodium monochloroacetate 

forming sodium carboxymethylcellulose. On 

the other hand, bichalcophenes have significant 

use in solvatochromic, photosensitizing, and 

photovoltaic cell applications [16-18]. 

Chalcophene-based compounds are important 

synthetic precursors for biologically active 

materials. -Terthienyl I (Fig. 1) is a natural 

product and considered an antiviral, anti-

infective, and photosensitizing agent [19,20].
 

Aryl-2,2'-bichalcophene derivatives of formula 

II (Fig. 1) have been reported for their 

antimicrobial [21,22], antimutagenic [23], and 

anticancer [24] activities. The current study 

focuses on the utilization of CMC as a carrier 

for the amidinic bichalcophenes to be released 

in an aqueous medium where the rate of release 

of the bichalcophene compounds from the 

CMC matrix has been investigated. 

 
Fig. 1: Biologically important thiophenes 

2. Materials and Methods 

2.1. Materials and instruments 

CMC (MW 41 kDa) was purchased from 

Alpha Chemika, India. The bichalcophenes 

(Fig. 2) were prepared as described previously 

[21]. All other chemicals and solvents were 

purchased from Sigma Aldrich unless otherwise 

mentioned. FT-IR spectra (KBr) were explored 

on Thermo Scientific Nicolet iS10 FT-IR 

Spectrometer. UV/Vis absorption spectra were 
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measured in the region of 200–600 nm on a 

Shimadzu 1700 Spectrometer while the 

thermogravimetric analysis (TGA) was 

achieved on Shimadzu TGA-50H in N2 

atmosphere and at a heating rate of 1C/min. 

2.2. Preparation of bichalcophenes-blended 

CMC films: General Procedure 

Dissolve 0.5 g of sodium carboxymethyl-

cellulose (NaCMC) in 50 mL distilled water 

with stirring for 2 h, and then add to a solution 

of a certain amount of each compound of the 

investigated bichalcophenes in 10 mL distilled 

water while stirring. The mixture was stirred 

for 2 h further, then poured into a Petri dish to 

form a thin film and left for dryness in an Oven 

at 60C for 48 h. The formed blended film was 

then removed from the Petri dish and kept until 

use. The blended films were subjected to FT-IR 

spectroscopic analysis and the thermal weight 

loss percentage of CMC blends was determined 

through TGA analysis. The used amounts of the 

bichalcophenes are 40 mg of 1F & 1S, 30 mg 

of 2F, and 16 mg of 3F considering that F and 

S denote Free-base and Salt forms, 

respectively. 

 
Fig. 2: The investigated bichalcophene derivatives 

for controlled release 

2.3. Drug Release Study on CMC blends 

A drug release study was performed using 

50 mL of deionized water as a dissolution 

medium. Aliquots of 1 mL of the released 

medium were collected at 5, 15, 30, 60, 120, 

240, 1440, 1500, 1560, and 1680 min where the 

release medium was replenished with an equal 

volume of dissolution medium. The absorbance 

of the release samples was measured using 

UV/Vis Spectrometer at λmax of 426, 452, 428, 

and 428nm for 1F, 2F, 2S, and 3F, 

respectively. Time dependence of the released 

amount of bichalcophenes was plotted for each 

derivative. 

3. Results and Discussion 

3.1. FT-IR Spectroscopy of CMC blends 

3.1.1. For CMC-1S blend 

The interaction between the components of 

the blend provides valuable information at the 

molecular level. FT-IR spectra of CMC-1S 

(Fig. 3) showed the characteristic bands of the 

–OH group stretching for CMC at 3420 cm
-1

, 

C-H stretching at 2924 cm
-1

 for –CH2 and –CH3 

groups existing in the polymer backbone, at 

1623 cm
-1

 for carbonyl vibration of carboxylate 

anion (–COO
-
) and C=N, C=C stretch of the 

drug molecule, at 1428 cm
-1

 for C-H bending of 

–CH2 and –CH3 groups in the polymer, and at 

1139 cm
-1

 & 1056 cm
-1

 for C-O stretching in 

the ester carboxylate anion [25]. 

3.1.2. For CMC-1F blend 

Comparison of FT-IR spectrum of CMC-1F 

with that of CMC-1S showed the characteristic 

bands of –OH stretching of CMC-1F at 3439 

cm
-1

 with a shift up relative to that of CMC-1S 

at 3420 cm
-1

 as shown in Fig. 3. This may be 

attributed to the weak H-bonding between 

CMC–OH groups and water molecules in the 

case of the salt blend. On the other hand, 

stronger hydrogen bonding may be formed in 

the case of CMC-1F blend between CMC–OH 

groups and N- atom of pyridine ring and/or 

amino group of 1F considering that such 

hydrogen bonding may be weaker than that of 

water molecules due to their smaller size. Other 

absorption bands were shown at 2923 cm
-1

 of 

C-H stretching of –CH2 and –CH3 groups in 

CMC backbone, at 1606 cm
-1

 for C=O 

vibration in COO
-
. Such absorptions are also 

shifted down to lower "" in case of 1F blend 

relative to that for 1S blend. This may be 

explained by the possible H-bonding between 

C=O groups of CMC and the free amino group 

of 1F. Absorption was also observed at 1417 

cm
-1

 related to C-H bending of –CH2 and –CH3 

in CMC beside the absorptions at 1120 cm
-1

 

and 1200 cm
-1

 of C-O- stretching for COO
-
 

groups.  

3.1.3. For CMC-2F and CMC-3F blends 

Comparison of the FT-IR spectra of both 

CMC-2F and CMC-3F in Fig. 4 shows the 

characteristic bands of –OH stretching of CMC 

at 3441 cm
-1

 and 3559 cm
-1

 with a shift to the 

right in the case of CMC-2F. This may be 
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attributed to the formation of strong additional 

hydrogen bonding between hydroxyl groups of 

CMC and amino groups of 2F. C-H stretching 

of –CH2 and –CH3 groups appears at 2923 cm
-1

. 

The absorptions appear at 1741 cm
-1

 for the 

ester carbonyl group in CMC-2F, at 1666, 1644 

cm
-1

 for C=N and/or C=C stretch of the drug 

molecule, at 1616 cm
-1

 and 1603 cm
-1

 for C=O 

group vibration for carboxylate anion with a 

shift to right in case of CMC-3F. This may be 

attributed to the tendency of C=O group of 

COO
-
 to form hydrogen bonds with the amino 

groups of 3F [25]. 

 
Fig. 3: FT-IR Spectra of CMC-1F and CMC-

1S blends 

 
Fig. 4: FT-IR spectra of CMC-2F and CMC-3F 

blends 

3.2. TGA Characterization of CMC blends: 

3.2.1. For CMC-1S and CMC-1F blends Fig. 

5 shows TGA analysis of CMC-1S blend which 

was degraded in three stages, at 47C with 

weight loss of 23%, at 265C with weight loss 

of 20%, and at 588C with weight loss of 7%. 

These results indicate that the addition of 

bichalcophene salt facilitates the weight loss of 

CMC-1S and its stability is reduced under the 

thermal effect reflecting the weakness of the 

bond between CMC and 1S. 

 
Fig. 5: TGA analysis (TGA) of CMC-1S blends 

 
Fig. 6: TGA analysis (TGA) of CMC-1F blends 

It is obvious from Fig. 6 that the degradation 

of CMC-1F differs from that of CMC-1S where 

it degrades in two stages at 29C and 250C 

with weight loss of 14% and 22%, respectively 

indicating that the addition of 1F to CMC 

triggers its degradation. This may be attributed 

to the weak hydrogen bonding between –OH 

groups and C=O group of COO
-
 anion of CMC 

and the free amino groups of 1F replacing 

partly the strong hydrogen bonding between 

OH groups on different CMC chains. 

3.2.2. For CMC-2F and CMC-3F blends 

TGA analysis for CMC-2F and CMC-3F are 

almost similar where the degradation for CMC-

2F occurs through three stages at 33.96C, 

262C and 596C with weight loss of 17%, 

18%, and 8%, respectively. The degradation 

stages for CMC-3F were observed at 33.15C, 

264C and 537C with weight loss of 13%, 

24%, and 3%, respectively as shown in Fig. 7. 

These results indicate the relative higher 

stability of CMC-2F and CMC-3F compared to 

CMC-1F. This may be attributed to the relative 

strength of hydrogen bonding between CMC 
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and each of 2 and 3 compared to that with 1F, 

while the results of weight loss indicate the 

weakness of intermolecular H-bonding between 

CMC and bichalcophene derivatives compared 

to the intramolecular hydrogen bonding within 

CMC matrix. Fig. 8 shows TGA analysis of 

CMC-3F. 

 
Fig. 7: TGA analysis (TGA) of CMC-1F 

blends 

 
Fig. 8: TGA analysis (TGA) of CMC-3F blends 

3.3. Drug Release Study of CMC blends 

3.3.1. For CMC-1S blend 

 
Fig. 9: Release of 1S from CMC-1S blend under the 

room temperature and neutral pH 

Fig. 9 shows the release of 1S with time 

from CMC-1S indicating high initial amount of 

release, which may be attributed to the 

hydration of surface layers of the film leading 

to a quick release of the surface portion of 

compound 1S along with the less bounded 

molecules of 1S to the CMC matrix. By the 

time, the CMC blend showed a gradual 

decrease in the release of 1S from the CMC 

matrix which may be attributed to the slow 

diffusion of water molecules into the CMC 

matrix due to the poor solubility of 1S in the 

releasing media along with the strong hydrogen 

bonding formed between 1S and OH groups on 

different chains of CMC. After that, the high 

swelling ability of CMC leads to the formation 

of highly swollen gel with increasing viscosity 

and hence retarding the release of 1S from the 

CMC matrix. On the other hand, further slow 

release of 1S from the CMC matrix continues 

which may be attributed to the transformation 

of CMC from the salt form into the relatively 

less soluble acid form through the ionic 

interaction between the carboxylate anion 

functionality (COO
-
) in CMC and the positively 

charged amino group of 1S. Such relatively low 

solubility of the acid form of CMC in water 

causes retardation of the release process of 1S 

from the matrix. After a long time up to 28 h, 

another increase in the release was observed 

which may be attributed to the disintegration of 

the physical interactions linking the polymer 

chains due to the long contact of the film with 

the dissolution medium with the help of the 

hydrolytic pressure of water inside the matrix 

[26-29]. 

3.3.2. For CMC-1F blend 

 

Fig. 10: Release of 1F from CMC-1F blend at room 

temperature and neutral pH 

Fig. 10 shows the release dependence of 1F 

from its blend with CMC. The increase in 1F 

release may be attributed to erosion or 

hydration of CMC surface first resulting in the 
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release of 1F. Hence, its concentration in the 

dissolution medium increases up to 4 h, after 

which the concentration of 1F remains constant 

until 22 h. This observation may be attributed 

to the resistance resulting from strong hydrogen 

bonding between CMC different chains. 

Consequently, water molecules need a long 

time to penetrate the CMC network and 

overcome these bonds. Besides, the poor 

solubility of 1F in distilled water may increase 

the resistance to water penetration leading then 

to an increase in 1F release which is noticed at 

22 h and after water penetration to the CMC 

network. This causes diffusion of a small 

amount of the drug to the dissolution medium. 

The sudden decrease in 1F release after 24 h 

can be probably explained by the complex 

formation between the positively charged 1F 

and the negatively charged CMC resulting in a 

decrease in 1F release. The little increase in 1F 

release after 26 h may be attributed to the 

disintegration of the CMC network due to long 

contact time with the dissolution medium [26-

29]. 

3.3.3. For CMC-2F blend 

Fig. 11 shows the release dependence of 2F 

from its blend with CMC. The higher release of 

2F may be due to the previously mentioned 

reasons for the release of 1F where the erosion 

or hydration of CMC surface facilitates the 

liberation of 2F, hence, its concentration in 

dissolution medium increases up to 4 h where it 

remains constant until 22 h. The difference 

between 2F and 1F may be due to the possible 

hydrogen bonding between the CMC matrix 

and the pyridine N-atom present in 1F leading 

to some sort of crosslinking and consequently 

decrease the released amount of 1F relative to 

2F in which N-atom is absent. 

 
Fig. 11: Release of 2F from CMC-2F blend 

under the room temperature and neutral pH 

3.3.4. For CMC-3F blend 

The behavior of the drug release for 3F is 

shown in Fig. 12. Comparing the chemical 

structure of 3F with both 1F and 2F it is 

obvious that 3F contains bifuran moiety instead 

of bithiophene moiety in both 1F and 2F beside 

pyridine ring instead of the benzene ring in the 

case of 2F. This difference in the molecular 

structures should be reflected more or less on 

the overall hydrophilic nature as well as the 

behavior of these compounds either from the 

chemical or physical point of view. Such 

hydrophilic nature facilitates hydrogen bonding 

between the bichalcophenes and the CMC 

matrix. It is comfortably expected that stronger 

hydrogen bonding would be formed in the case 

of 3F with CMC rather than with 1F or 2F 

leading to more tendency of CMC-3F to 

extensively absorb more water from the 

dissolution medium and consequently CMC-3F 

suffers from chain scissions rupture. This leads 

to an increase in the swelling tendency and 

reduces the effective physical crosslinking 

formed early through the H-bonding. As an 

overall result, CMC-3F would allow the 

blended 3F to be released easier and hence the 

release profile of 3F from the CMC-3F matrix 

shows an increasing amount of 3F in the 

dissolution medium opposite to the case for 1F 

and 2F. In all cases, the release behavior shows 

a gradual release of the blended bichalcophene 

from the CMC matrix over the processing time. 

 
Fig. 12: Release of 3F from CMC-3F blend under 

the room temperature and neutral pH 

4. Conclusion 

The results obtained in this study indicate 

that NaCMC has effects on the release 

characteristics of bichalcophene derivatives. 

CMC combines with positively charged active 
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bichalcophene derivatives producing signify-

cant slower release rate. This phenomenon is 

attributed mainly to hydrogen bonding between 

anionic polymer and cationic bichalcophene 

derivatives, leading to a reversible polymer-

drug complexation. The salt form of cationic 

bichalcophene derivatives show slower release 

rate compared to its free base that may be 

attributed to ionic interaction between anionic 

polymer and cationic derivatives. Also, the 

transformation of a salt form of the polymer 

into the acid form with low solubility in the 

dissolution medium prevents the diffusion of 

active substances through the polymer matrix 

leading to their release rate retardation. 

Solubility of the derivatives affects their release 

characteristics. Sparingly soluble derivatives 

hinder the diffusion of water molecules into the 

polymer matrix retarding their release rate. 
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