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Abstract: 
In this work, novel copolymers of poly(adipic anhydride-co-mannitol) were 

synthesized by melting condensation polymerization of poly(adipic anhydride) with 

five percentages of mannitol sugar, 1 to 5 Wt.%. These copolymers were purified and 

then, characterized by FT-IR, which was proved that the cross-linking reaction was 

caused by nucleophilic attack of mannitol hydroxyl group to acidic anhydride groups 

of poly(adipic anhydride) backbone and new ester groups were formed and appeared. 

Also, modified organic-soluble chitosan, N-maleoyl-chitosan, were synthesized by 

grafting reaction of chitosan with maleic anhydride in DMF as solvent, and it was also 

purified and characterized by FT-IR. Biodegradation in vitro of the IPNs of 

poly(adipic anhydride-co-mannitol)-N-maleoyl chitosan networks were evaluated by 

hydrolytic degradation studies at three different media (PBS, SIF and SGF) for 18 

weeks with 92% as maximum degradation and it was found that minimum weight loss 

of IPNs was noticeably shown in SIF. In addition, hydrolytic degradation percent was 

decreased with increasing mannitol proportions. 
 

Key words: melt condensation, poly(adipic anhydride), mannitol, poly(adipic 

anhydride-co-mannitol), biodegradable polymer, in vitro degradation . 
 

Introduction: 
Synthetic biodegradable polymers 

have been extensively investigated as 

useful biomaterials for bone and 

cartilage repairing, controlled drug 

delivery systems, and tissue engineering 

applications [1]. Many types of 

synthetic polymers have been found to 

be biodegradable materials, including 

polyesters, polyanhydrides, poly(ortho 

esters), poly(phosphazenes), etc. [2]. 

Poly(aliphatic esters), such as poly(D,L-

lactide) (PDLLA), poly(l-lactide) 

(PLLA), poly(ε-caprolactone) (PCL), 

poly(glycolide) (PGA) homopolymers 

as well as their random or block 

copolymers, are the most widely used 

biodegradable polymers in clinics as 

medical devices or drug delivery carriers 

due to their biocompatibility, 

biodegradability, high-purity, and the 
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ease to be produced in a large-scale [3]. 

Also, polyanhydirde is one of few 

classes of synthetic biodegradable 

polymers that have received great 

attention through the past decades. They 

have been widely used as antibiotics [4], 

anesthetics [5], controlled delivery of a 

number of drugs containing 

chemotherapeutics [6], and polypeptides 

[7].  

Hui and et al [8] synthesized poly 

(sebacic anhydride-co-caprolactone), 

poly(anhydride-ester) multi-block 

copolymer, and showed different 

crystallization kinetics with two stages 

degradation behaviour; rapid hydrolysis 

of anhydride linkage groups, and slower 

hydrolysis of remaining ester groups. 

Also, bioactive-based poly(anhydride-

esters) and blends are one of therapeutic 

biodegradable that hydrolytically 

degrade into bioactive components 

which conjugated as pendant groups or 

directly incorporated into the polymer 

backbone [9]. Schmeltzer and et al [10] 

synthesized poly(anhydride esters) that 

were composed of several salicylate 

derivatives, including halogenated 

salicylates, aminosalicylates, 

salicylsalicylic acid, and thiolsalicylic 

acid, and studied in vitro degradation lag 

times from 1 to 3 days. Recently, a 

number of papers have reported the 

combinatorial synthesis of polymers 

through enzyme-assisted 

polymerization, microwave 

polymerization, or by judicious choice 

of polymerization reaction chemistries 

[11-14].  

In this work, we are interested in the 

synthesis poly (anhydride-ester) 

formulating of poly(adipic anhydride-

co-manitol) by melting condensation 

polymerization and study their in vitro 

degradation behaviour as IPNs with 

chitosan derivative which it might be 

suitable for different medical 

applications. 

 

 

Materials and Methods 
Materials 

Local shrimp shells were used as a 

main source of Chitin; they were well 

isolated from shrimps, washed and dried 

at room temperature. Adipic acid and 

acetic anhydride were supplied by BDH 

and Sigma-Aldrich respectively. 

Mannitol sugar (Sigma-Aldrich) used as 

crosslinking agent for preparation adipic 

anhydride polymer. It was purified and 

crystallized by dissolving in ethanol, 

filtered, precipitated in diethyl ether and 

dried under vacuum at room 

temperature. Solvents, including 

methylene chloride, petroleum ether, 

dimethylformamide and diethyl ether 

purchased from GCC and dried perfectly 

by sodium wire, then freshly distilled 

prior to use. 

Methods 

Preparation of Chitosan  

Shrimp shells (100g) were dried at 

100°C for 12 hours and ground to 

powder, then 1000 ml of (5%) 

hydrochloric acid solution was added to 

the powder and stirred vigorously by 

mechanical stirrer for 24 hours at room 

temperature to remove minerals and 

their salts. The residual powder was 

filtered and washed twice with distilled 

water to remove residual hydrochloric 

acid. Deproteinization were achieved 

by mixing 1000 ml of (10%) sodium 

hydroxide solution with the powder and 

stirred mechanically for 3 hours at 

90°C. The mixture was cooled down to 

room temperature, filtered and washed 

with water to obtain chitin powder. 

Next, 20g of chitin and 250 ml of 

(50%) potassium hydroxide solution 

were charged in Three-neck round 

bottom flask, which was fitted with a 

stirrer, condenser and thermometer. 

The mixture was heated to 90°C for 6 

hours. Finally, residual was washed by 

water and dried [15]. It was 

characterized by FT-IR, the yield was 

78%. 
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Synthesis of N-maleoyl Chitosan 

(NMCS) 

Modified organic-soluble chitosan 

were prepared by dissolving 2g 

Chitosan and 6g maleic anhydride 

into100 ml of dimethylformamide 

(DMF). The mixture was stirred at 

130°C for 3 hours under nitrogen 

atmosphere. The reacted solution was 

cooled to room temperature and poured 

into an ice water to precipitate the 

product. The product was collected by 

filtration, washed with diethyl ether for 

three times, then dried in vacuum at 

40°C [16]. The greyish-white powder 

of N-maleoyl-chitosan (NMCS) was 

obtained with yield of 46%. It was 

characterized by FT-IR spectroscopy.  

Preparation of Poly(adipic 

anhydride) 

An amount 24g of adipic acid and 

248g of acetic anhydride were charged 

into a three-neck round bottom flask 

fitted with a condenser and 

thermometer. The reaction was 

processed under dry nitrogen gas at 

reflux temperature for 20 minutes. 

Then, rotary evaporator was used to 

remove unreacted acetic anhydride and 

the resulted acetic acid. The crude pre-

polymer was recrystallized from dry 

toluene. Subsequently, the crystals 

were immersed in dry solvent of 1:1 

dry petroleum ether and diethyl ether to 

extract residual acetic anhydride and 

toluene. The poly(adipic anhydride) 

was dried under vacuum for 48 hours 

[17], and the results are white crystals 

with yield 81%, which was also 

characterized by FT-IR. 

Preparation of Poly(adipic 

anhydride-co-mannitol)  
Two grams of poly(adipic 

anhydride) and (1, 2, 3, 4, and 5% wt.) 

of mannitol were placed in the vacuum 

glass tube (2*15 cm). The cross-linking 

reaction was carried out as melt-

condensation polymerization at 180°C 

by bath oil under high vacuum 

condition, about 50-20 Pa, and 

magnetic stirrer for 120 minutes during 

the polymerization process, a strong 

nitrogen sweep with vigorous agitation 

of the melt was applied for 30 S every 

15 minutes. The crude polymer was 

purified by dissolving into dry 

methylene chloride and then 

precipitated by filtered into stirred dry 

petroleum ether to extract adipic acid. 

The precipitated was filtered off, 

washed with petroleum ether and dried 

at 40°C under vacuum for 48 hours 

[17] to give 79% yield. The polymer 

was characterized by FT-IR. 

Preparation of Poly(adipic 

anhydride-co-mannitol)-N-maleoyl 

chitosan IPN’s 
0.5g of poly(adipic anhydride-co-

mannitol) and 0.5g of modified 

chitosan were dissolved into 10 ml of 

dry methylene chloride. The blend was 

precipitated by dry petroleum, washed 

with dry diethyl ether and dried for 48 

hours at 40°C. Table (1) shows the 

prepared specimen codes according to 

mannitol wt.%. 

 

Table (1) Prepared samples codes 
poly(adipic anhydride-

co-mannitol)-chitosan 

network code 

wt.% of 

Mannitol  

N1 1% 

N2 2% 

N3 3% 

N4 4% 

N5 5% 

 

In vitro Biodegradation 

Measurement 

The biodegradability of blend 

polymers (N1-N5) was studied by 

weight loss method. 0.3g of sample and 

10-ton pressure were needed to prepare 

disks with 1 cm diameter and 3mm 

height. Disks were immersed in 30 ml 

of three different mediums; simulated 

gastric fluid (SGF, pH=1.2), simulated 

intestinal fluid (SIF, pH= 8.2) and 

Phosphate buffer solution (PBS, 

pH=7.4) at room temperature. 
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Degradation or weight loss of samples 

can be determine by the fraction of 

initial disk weight (Wo) and disk 

weight after a particular period (Wt), as 

mention in equation 1 [18,19]: 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%) =
𝑊∘−𝑊𝑡

𝑊𝑡
∗ 100    

…… Eq. 1 

Results and Discussion 
Due to the limited solubility of 

chitosan in organic solvents, chemical 

modification affords a wide range of 

chitosan derivatives. N-maleoyl 

chitosan is organic-soluble derivative, 

which was achieved by grafting of 

chitosan NH2 with carboxylic acid as 

shown in Scheme 1. While, preparation 

of poly(adipic anhydride-co-mannitol) 

is a crosslinking process that fall into 

partial crosslinking achieved by 

nucleophilic attack of the mannitol 

hydroxyl groups to the linkages along 

the acid anhydride groups of PAA 

backbone chains at specific conditions, 

the anhydride linkages will form 

cleavages by esterification mechanism, 

as shown in Scheme 2.  

 

 
Scheme 1. Grafting mechanism of chitosan 

 
Scheme 2. Crosslinking mechanism of poly(adipic anhydride-co-mannitol). 

 

FT-IR Analysis 

The reactant materials and 

products are characterized by JASCO 

FTIR 4200 instrument and the results 

of those analyses are presented in 

Figures 1-7. The FTIR spectrum of 

chitosan, as exhibited in Figure 1, 

shows a broad peak between 3600-

3100 cm
-1

 which assigned for 

stretching of hydroxyl groups and two 

peaks at 3300 cm
-1

 and 3108 cm
-1

 

related to stretching of NH2 groups 

[20]. Other two peaks at 2931 cm
-1

 and 

2879 cm
-1

 represent the symmetric and 
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asymmetric stretching of aliphatic C-H 

bond for methylene groups 

respectively. The stretching of the C-O 

group appears as a sharp peak at 1072 

cm
-1

.  

Figure 2 shows the FT-IR 

spectrum of N-maleoyl chitosan which 

indicates the appearance of three 

groups: ester carbonyl group as strong 

peak at 1718 cm
-1

, a sharp peak at 1627 

cm
-1

 for C=C group stretching, and 

strong peak at 1690 cm
-1

 for carboxylic 

acid carbonyl groups [20]. In addition, 

the disappearance of the two peaks 

assigned for NH2 group at 3300 cm
-1

 

and 3108 cm
-1

 confirm the ring opening 

of maleic anhydride and grafted with 

free N-substituted of chitosan. 

On the other side, poly(adipic 

anhydride) is also characterized by FT-

IR and a spectrum obtained is shown in 

Figure 3. It exhibits two strong and 

sharp peaks at 1831 cm
-1

 and 1742 cm
-1

 

assigned for stretching carbonyl of 

acidic anhydride groups along polymer 

backbone chains. The C-O stretches for 

the same group also appear as a strong 

peak at 1021 cm
-1

. The carboxylic acid 

at the end of polymer chains showed a 

weak peak at 1702 cm
-1

 [20]. Figures 4-

7 are presenting spectra of poly(adipic 

anhydride-co-mannitol) with different 

mannitol proportions. In comparison 

with poly(adipic anhydride), there is a 

peak strongly increased with increasing 

mannitol preparations. This peak at 

1730 cm
-1

 related to carbonyl ester 

groups formed by crosslinking reaction 

of melt-condensation polymerization.  

 
Figure 1. FT-IR spectrum for chitosan

 
Figure 2. FT-IR spectrum for N-maleoyl chitosan 
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Figure 3. FT-IR spectrum for PAA 

 

 
Figure 4. FT-IR spectrum for N2 

 
Figure 5. FT-IR spectrum for N3 
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Figure 6. FT-IR spectrum for N4 

 
Figure 7. FT-IR spectrum for N5 

 

In vitro Biodegradation Assessments 

Weight loss measurement of 

polymer matrix is a common method 

that is currently used by many 

researchers to evaluate in vitro polymer 

degradation. By immersing certain 

amount of polymer in buffer solution, 

penetration of the solution takes place 

through polymer matrix, i.e., 

degradation will initiate. Polymer 

matrix should completely vanish at 

reasonable period to prevent any 

consequences due to polymer 

accumulation in the human body. Thus, 

degradation time is one of the 

important factors makes polymers 

occupied in specific bio-applications. 

In this study, the new prepared 

IPNs are studied at three different 

media, FBS (pH=7.4), SGF (pH=1.2) 

and SIF (pH=8.2) depending on the 

weight loss measurements as a function 

of immersion time, as shown in Figures 

8-10. The results, in general, show that 

weight loss was decreased with 

increasing mannitol proportions in 

polymer matrix. This is attributed to 

matrix holes grown smaller with 

increasing crosslinking of poly(adipic 

anhydride-co-mannitol) and the results 

of ester groups are less reactive with 

water than acidic anhydride groups, 
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which reduce solution penetration 

through the center of disks [21]. Also, 

the results show weight loss in SGF 

solution is significantly low compared 

with other media, reaching to 91% of 

weight loss in 126 days with N5. 

Examining the results in Figure 8 

reveal that there is constantly losing 

weight with time in SGF for PAA and 

IPNs. In addition, IPNs (N2-N4) are 

nearly closed to each other in 

degradation time, about 21% weight loss 

within 32 days and 79% within 98 days. 

The erosion of N5 shows clearly more 

resistance and good degradation 

behaviour. While, faster weight loss is 

achieved in the PAA, reaching to 93% 

weight loss of PAA which regularly 

degraded over a period of 70 days. 

Figure 9 shows degradation of 

PAA and IPNs in PBS (pH=7.4). By 

examining these results, the PAA weight 

loss is rapid raised and strongly 

degraded, compared to other specimens. 

It recorded a 90% weight loss in 37 

days. Many researchers have reported 

that highest surface-eroding property of 

polyanhydride in aqueous medium 

among other media, SGF and SIF [21, 

22], because of the strong nucleophilic 

attack to cleavage acidic anhydride 

groups of media with approximately 

pH=7. Other specimens, N1-N5, were 

also start to degrade rapidly in the first 

20 days and then, weight loss of IPNs is 

slight decreases. With increasing 

mannitol proportions in a polymer 

matrix, crosslinking will also increase. 

That means ester groups formed via 

crosslinking will increase instead of 

acidic anhydride groups and for this 

reason N5 appears to have less weight 

loss percentage over the majority of the 

period. 

 The same degradation behavior 

of IPNs in distilled water is shown in 

SIF, Figure 10. But the differences IPNs 

(N2-N5) are nearly closed in weight 

loss, and degradation of N4 is less than 

others during immersed period. There is 

also a rapid rising in degradation at the 

first 27 days for PAA and IPNs, just 

over 50% weight loss. This is attributed 

to high hydrolysis of ester groups in 

alkali media as well as cleaving of acid 

anhydride group [23].  

 

 
Figure 8. Weight loss percent of PAA and IPNs in SGF. 
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Figure 9. Weight loss percent of PAA and IPNs in PBS (pH=7.4). 

 

 
Figure 10. Weight loss percent of PAA and IPNs in SIF. 

 

Conclusion 
The polymers of poly(adipic 

anhydride-co-mannitol) with various 

molar ratios of mannitol are successfully 

synthesized by melt-condensation 

polymerization, and it is found that 

poly(adipic anhydride) is crosslinked by 

free mannitol hydroxyl groups. Also, the 

organic soluble chitosan, N-maleoyl-

chitosan, is also synthesized by reaction 

free chitosan amino group with maleic 

anhydride. These are confirmed by 

FTIR analyses. IPNs of poly(adipic 

anhydride-co-mannitol)-N-maleoyl-

chitosan network was hydrolytically 

tested in vitro as biodegradable 

materials which show that 

biodegradation depends strongly on 

mannitol portion in prepared IPNs, and 

show much better decreasing in weight 

loss. More, degradability of IPNs is 

noticeably influenced by pH media and 

they are given less weight loss in SGF. 
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بوليمر -شبكات بولي)أنهيدريد الأدبيكلدراسات التحلل الأحيائي في المختبر 

 كيتوسان الملويل -N-مانيتول(-مشترك
  

ماهر أسعد جلال
 *                           

**هادي سلمان اللامي     
 

*
قسم تكنولوجيا البوليمرات، مركز أبحاث البوليمر، جامعة البصرة   
**
قسم الكيمياء، كلية العلوم، جامعة البصرة   

 

 الخلاصة
مانيتول( ببلمرة المنصهرات -في هذا العمل، تم تحضير بوليمرات جديدة من بولي)أنهيدريد الأدبيك

نسبة وزنية. نقيت هذه البوليمرات   2 -1  التكثيفة لبولي )أنهيدريد الأديبيك( مع خمسة نسب من سكر المانيتول،

ثم شخصت بتقنية مطيافية الأشعة تحت الحمراء، حيث تبين أن تفاعلات التشابك ناجم عن هجوم تفاعلات 

د الحامضية لبولي)أنهيدريد الأدبيك( الرئيسية النيوكلوفيلية لمجموعة هيدروكسيل المانيتول لمجموعات الأنهيدري

-Nوتكوين مجاميع إسترية جديدة واضحة في أطايف المركبات. أيضاً، تم تحوير الكيتوسان بتحضير مركب 

، DMFكيتوسان الماليويل القابل للذوبان في المحيط العضوي بتطعيم أنهيدريد الماليك للكايتوسان في مذيب

-بولي)أنهيدريد الأدبيك عة تحت الحمراء. تم تقييم التحلل الأحيائي في المختبر لشبكةوتمت تنقيتة وفحصه بالأش

بدراسات التحلل الهيدروليكي في ثلاث وسائل وسائط مختلفة  كيتوسان الملويل -N-مانيتول(-بوليمرمشترك

(PBS, SIF, SGF)   وزن الملحوظ كأقصى تدهور، ووجد أن الحد الأدنى لفقدان ال % 20أسبوعا مع  12لمدة

. وبالإضافة إلى ذلك، لوحظ انخفاض في التدهور الهيدروليكي مع زيادة نسب SIFللشبكات كان في وسط 

 المانيتول.

 

-بوليمرمشترك-بولي)أنهيدريد الأدبيك(، مانيتول، بولي)أنهيدريد الأدبيكمنصهر تكثيف، مفتاحية: الكلمات ال

 .المختبرمانيتول(، بوليمر متحلل أحيائياً، تحلل في 


