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Dehydroabietol polyoxyethylene(10) ether (DHA(EO)10H) was reacted 
with epichlorohydrin (ECH) using BF3 as catalyst and transformed into 
DHA(EO)10H-ECH, then dehydrochlorinated in the presence of sodium 
hydroxide and converted into dehydroabietyl polyoxyethylene(10) glycidyl 
ether (DHA(EO)10GE). Hydroxyethyl chitosan (HEC) was modified with 
DHA(EO)10GE, and a series of different DHA(EO)10GE-grafted HECs 
(DHA(EO)10GE-g-HECs) were prepared. Finally, the hydrogels based on 
DHA(EO)10GE-g-HECs were obtained through the reaction between 
genipin (GE) and DHA(EO)10GE-g-HECs. Effects of the grafting degree 
(DG) of DHA(EO)10GE and the dosage of GE on the gelation ability of 
mixed solution composed of DHA(EO)10GE-g-HECs and GE were 
investigated, and the behaviors of DHA(EO)10GE-g-HEC/GE hydrogels as 
carriers for loading chloramphenicol (CAP) were studied. It was found that 
the gelling time of the DHA(EO)10GE-g-HEC with  high DG was longer than 
that with low DG, and a higher GE dosage could improve the capability of 
DHA(EO)10GE-g-HEC to form hydrogels. The relation between the 
cumulative release rate of CAP, which was loaded in DHA(EO)10GE-g-
HEC/GE gel, and the release times in artificial intestinal fluid could be well 
described by Boltzmann function. Increasing the DG or decreasing the GE 
dosage could improve the final cumulative release.   
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INTRODUCTION 
 

Hydrogels are hydrophilic materials with three-dimensional (3D) crosslinked 
polymeric network structures that can absorb and retain a significant amount of water 
without dissolving in it (Drury and Mooney 2003; Piantanida et al. 2019). As the ideal 
materials for the 3D encapsulation of cells, hydrogels have the potential to provide a 
highly hydrated tissue-like environment. Hydrogels may also incorporate bioactivities, 
such as growth factors, to mimic the tissue-specific signals. This can influence the 
embryonic development, proliferation, and even the differentiation of the cells (Peppas et 
al. 2000; McKay et al. 2014; Liu et al. 2018). Hydrogels could also be utilized as useful 
devices for drugs delivery, and the release performance of drugs loaded in the hydrogels 
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could be adjusted by controlling the crosslinked density or using different hydrogels 
(Dong et al. 2016; Zhao et al. 2017). Synthetic and natural polymers can be utilized to 
prepare hydrogels (Marsich et al. 2008; Kempaiah and Nie 2014). Hydrogels based on 
natural polymers possess numerous advantages that make them ideal candidates for 
biomedical applications (Feng et al. 2010; Lai and Shum 2015). The hydrogels based on 
biopolymers, such as chitosan (CTS), cellulose, and starch, have become important 
materials for tissue engineering, wound healing, drug loading and controlled release, and 
cell culture applications (Sacco et al. 2014). 

CTS is a natural polysaccharide that is obtained by the partial deacetylation of 
chitin, which is a highly abundant natural polymer composed of N-acetylglucosamine and 
glucosamine residues (Ravi Kumar 2000; Shariatinia 2019). Due to its biocompatibility, 
biodegradability, nontoxicity, and ability to be transformed into a cationic polymer through 
protonation, CTS has been examined and proposed as a biomaterial in the development of 
controlled and targeted release of drug delivery systems (Supper et al. 2014; Zhou et al. 
2015). Hydroxyethyl chitosan (HEC) is one of the most important derivatives of CTS and 
can be obtained through the reaction between CTS and a hydroethylating agent (Liang et 
al. 2011). The introduction of hydroxyethyl groups into the sugar chain of CTS can 
improve its spatial structure, weaken the inter-molecular forces, and increase the water-
solubility. This can endow HEC with excellent properties, such as moisturizing, film-
forming, and antioxidation, among others (He et al. 2017; Wang et al. 2017). These 
excellent properties give HEC the ability to be applied as an antioxidant, a tissue 
engineering material, a medicine carrier, a medical dressing, and others. HEC and its 
derivatives have been employed as one of components for preparing hydrogels that can 
be utilized to load and control the release of drugs (Hou et al. 2021). 

Gum rosin (GR) is a natural product that is obtained by heating pine oleoresin, 
which is produced from pine and conifer trees, by vaporizing the volatile liquid terpene 
components (Wilbon et al. 2013). The main component of GR is rosin acids, which are the 
complex mixture of several compounds, particularly abietic acid and pimaric acid 
(Sacripante et al. 2015). Rosin’s excellent biocompatibility and biodegradation features 
mean that it is safe to use, and hence many of its derivatives have been applied in 
pharmaceutical fields (Kreps et al. 2017; Li et al. 2019). Dehydroabietic acid (DHAA) is 
a carboxylic acid with hydrogenated phenanthrene nucleus and isolated from 
disproportionated rosin (Sacripante et al. 2015). The presence of a phenanthrene nucleus 
could endow the DHAA with lipophilicity and rigidity (Lei et al. 2017), and the presence 
of carboxyl groups could endow it with reactivity including esterification, salification, and 
amidation. These properties make DHAA a suitable material for use in different fields, 
such as in the preparation of surfactants, the synthesis of drugs, and the manufacturing of 
coatings (Feng et al. 2018). Dehydroabietinol (DHA) is a derivative of DHAA, and it is 
obtained through reducing methyl dehydroabietate or DHAA. Monodehydroabietyl 
polyethylene glycol(n) ether (DHA(EO)nH) is an etherifying product of DHA reacted with 
oxirane, and it could be utilized to prepare dehydroabietyl polyoxyethylene(n) glycidyl 
ether (DHA(EO)nGE). Similar to the dehydroabietyl glycidyl ether (DAGE) (Guo et al. 
2020), the presence of epoxy group could also endow the DHA(EO)nGE with the ability 
to react with the water-soluble derivatives of CTS and introduce the phenanthrene nucleus 
and polyoxyethylene structure into their sugar chain. Meanwhile, because the 
phenanthrene nucleus is one of the hydrophobic groups with rigidity, and the 
polyoxyethylene chain is a hydrophilic-lipophilic structure with flexibility (Ito et al. 2013; 
Arslan 2020), the DHA(EO)nGE-modified water-soluble derivatives of CTS could possess 
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the capability to aggregate into micelle with large lipophilic core in aqueous solution. The 
DHA(EO)nGE-modified water-soluble derivatives of CTS could then be utilized as a 
special carrier for loading poorly water-soluble drugs and increasing their solubility in 
physiological conditions without compromising their pharmaceutical performance. 

Genipin (GE) is the hydrolyzing product of geniposide, which is isolated from the 
fruits of Gardenia (Park et al. 2002; Nunes et al. 2018). It has been widely used as an 
antiphlogistic and a cholagogue in herbal medicines (Feng et al. 2011; Muzzarelli et al. 
2015). The existence of a recessive glutaraldehyde structure in the GE molecule could 
endow it with the capability to react with amino groups by nucleophilic addition 
condensation (Chen et al. 2005). The cytotoxicity of GE is approximately 5,000 to 10,000 
times less than that of glutaraldehyde (Sung et al. 2003), so it has been utilized as a safe 
crosslinking agent for the fixation of biological tissues. Several animal studies concerned 
with the biocompatibility of the GE-fixed tissues indicated that its inflammatory reaction 
was significantly less than that of their glutaraldehyde-fixed counterparts (Hurst 2017; Du 
et al. 2020). With GE as crosslinking agent, CTS aqueous solution (pH between 4.0 and 
5.5) and microemulsion composed with Tween 80, Span 20, and isopropyl myristate (IPM), 
could be transformed into a hydrogel for the extended release of hydrophobic drugs 
(Delmar and Bianco-Peled 2016). In the past decades, several reports concerned with 
CTS/GE hydrogels have been published (Wu et al. 2014). However, there are few studies 
about the hydrogels based on HEC, and no works concerned with hydrogels based on 
rosin-modified HEC have been published thus far. Due to its special structure and good 
hydrophilic and lipophilic balance, rosin-modified HEC could potentially offer stable 
capability to load and control the release of both water-soluble drugs and oil-soluble drugs.  
A series of novel and ecofriendly hydrogels based on DHA(EO)nGE grafted HECs 
(DHA(EO)nGE-g-HECs) with GE as crosslinking agent were prepared in this study, and 
the properties and capabilities of the hydrogels to load and control the release of 
chloramphenicol (CAP) were investigated. The detail procedure for preparing drug-loaded 
hydrogels is shown in Scheme 1.  

 

 
Scheme 1. Preparation of drug-loaded hydrogels 
 
EXPERIMENTAL 
 
Materials 

The DHA (99%) was purchased from Shenzhen Vtolo Industrial Co. (Shenzhen, 
China). The HEC was prepared according to literature (Wang et al. 2019), and its degree 
of substitution (DS) was 112.4%, as determined by elemental analysis. The sodium 
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hydroxide (NaOH), potassium hydroxide (KOH), boron trifluoride etherate, and 
epichlorohydrin (ECH) were purchased from Sinopharm Chemical Reagent Co. (Shanghai, 
China). The dialysis bags were purchased from Biosharp (Beijing, China). All other 
chemicals were of reagent grade and were used without purification as received. 
 
Instruments and Equipment 

The Fourier transform infrared (FTIR) spectra were recorded with potassium 
bromide (KBr) pellets on a Nicolet Nexux 670 spectrometer (Thermo Fischer Scientific, 
Waltham, MA, USA). The liquid samples were referenced against KBr pellets, while the 
solid samples were referenced against air. The 1H NMR patterns were obtained at 500.13 
MHz with a Bruker DRX-500 spectrometer (Billerica, MA, USA) at 30 ± 0.5 °C, and the 
samples were dissolved in a 5 mm diameter tube at a concentration of approximately 20 
mg/mL with D2O as solvent.  
 
Preparation of DHA(EO)10H and DHA(EO)10GE 

The DHA (143.3 g, 0.50 mol) and KOH (0.86 g) were added into a reaction kettle, 
which was equipped with an electromagnetic stirrer, a gas conduit, a manometer, a vacuum 
system, and a temperature measuring device. The air was then drawn out through the 
vacuum system before the material temperature reached 100 ℃. The residual water in the 
reaction materials was removed by heating under vacuum condition. When the temperature 
was approximately 140 ℃, the vacuum system was stopped and oxirane was imported into 
the kettle to make the pressure approximately 0.30 MPa. After 220 g of oxirane (5.0 mol) 
was imported into the kettle, the valve for controlling the import of the oxirane was shut, 
and the reaction was maintained until the value of manometer became 0 MPa. The reaction 
material was cooled with water until the temperature of the reaction materials was below 
100 ℃. The material was then dissolved using toluene, washed with 5% muriatic acid until 
the pH was approximately 7, and bleached with hydrogen peroxide solution. Finally, the 
DHA(EO)10H was obtained by recovering toluene and removing the residual water through 
vacuum distillation.  

The DHA(EO)10GE was prepared using a modified method similar to that reported 
by Guo et al. (2020). Briefly, the obtained DHA(EO)10H was dissolved using toluene 
before metered boron trifluoride etherate was added. Then, metric ECH was added into the 
reactant dropwise and the temperature of mixture was controlled below 25°C during the 
dropping process. After the ECH was mixed completely, the reaction materials were stirred 
at 65 °C for 4 h. Then, the reaction intermediate, DHA(EO)10H-ECH, was obtained by 
removing the toluene and unreacted ECH from the reactant using vacuum distillation. An 
appropriate amount of toluene and 40% of NaOH solution were added into the 
DHA(EO)10H-ECH and stirred at 35 °C for 5 h. Then the obtained mixture was washed 
with saturated sodium chloride solution until the pH of the separated aqueous solution was 
approximately 7. The organic phase was collected and dehydrated using anhydrous sodium 
sulfate. Finally, the DHA(EO)10GE, an oil-like liquid with light yellow, was obtained by 
recovering toluene through vacuum distillation. 
 
Synthesis of DHA(EO)10GE-g-HECs 

The DHA(EO)10GE-g-HECs were synthesized through the condensation reaction 
between DHA(EO)10GE and HEC in the presence of NaOH. Briefly, dried HEC (2.16 g, 
10 mmol sugar unit) was dispersed in 50 mL of dimethyl sulfoxide (DMSO) at 50 °C. Then, 
metrological DHA(EO)10GE, which was dissolved in 50 mL of DMSO, and NaOH (4 g) 
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were added into the reactant in sequence. After the mixture was reacted at 50 °C for 48 h, 
it was dispersed in 400 mL of ethanol with stirring and then stored at -18 °C for 
approximately 12 h to ensure the floccule precipitated sufficiently. The floccule was 
separated from the mixture and then dissolved using 200 mL of distilled water. The pH of 
the aqueous solution was adjusted to approximately 7, then transferred into dialysis bag 
and dialyzed against distilled water. After 48 h, the dialyzed solution was concentrated and 
the remainder was treated using ethanol. The blend was filtered, and the DHA(EO)10GE-
g-HEC was obtained by lyophilizing the filter reside under vacuum. 
 
Preparation of DHA(EO)10GE-g-HEC-based Hydrogels  

The DHA(EO)10GE-g-HEC aqueous solution (3.5% w/w) and the GE aqueous 
solution (10 mg/mL) were prepared firstly. Then, the metric DHA(EO)10GE-g-HEC 
solution was added into an ampoule bottle and mixed with the metric GE solution under 
stirring. The ampoule bottle was sealed and stored in a 37 ± 0.5 ℃ water bath after the 
mixture was transformed into a homogenous phase, and the fluidity of the mixture was 
observed every 5 min using the inverted bottle method. When the fluidity could not be 
observed, it meant that the mixture had become the hydrogel and the corresponding time 
could be regarded as the gelling time.         
 
Preparation of Drug-Loaded Hydrogels and the Release Behavior of Drugs 
in vitro   

Metric CAP was added into the solution of DHA(EO)10GE-g-HEC and stirred to 
ensure it was dispersed sufficiently. The hydrogels were then prepared according to the 
above, except that the ampoule bottle was stored in the water bath for 36 h. The release of 
the CAP loaded in the DHA(EO)nGE-g-HEC-based hydrogels was investigated in vitro 
with phosphate buffered saline (PBS) solution (pH equal to 7.4) as the release medium. 
The dialysis bag filled with the drug-loaded gel was placed in a conical flask, and 100 mL 
of PBS solution was added to ensure the dialysis bag was immersed in the release medium. 
Then, the conical flask was shaken at 37 ± 0.5 ℃ using a shaker at a speed of 130 
revolutions per min. 5 mL of solution was removed from the release medium at a special 
time, and the other 5 mL of fresh PBS solution was added to keep the total volume of the 
release medium at 100 mL. The absorbance of the withdrawn liquid was measured at 278 
nm and the concentration of CAP in the solution was determined according to the standard 
curve concerned with the relationship between absorbance and concentration. Finally, Eq. 
1 was used to calculate and determine the cumulative release rate of CAP at different times. 
All the experiments were conducted in triplicate. 

𝐹𝐹𝑖𝑖 = 5𝛴𝛴1𝑖𝑖−1𝐶𝐶𝑛𝑛+100𝐶𝐶𝑖𝑖
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

× 100       (1) 

In Eq. 1, Fi is the cumulative release rate of drug after No.i sampling (%), Ci is the 
concentration of CAP in the release medium determined at the time of No.i sampling 
(mg/mL), 5 was the solution volume of sampling (mL), and 100 was the total volume of 
the release medium (mL). 
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RESULTS AND DISCUSSION 
 
Results for the Grafting Degree (DG) of the DHA(EO)10GE-g-HECs 

The DG of the different DHA(EO)10GE-g-HECs was determined according to the 
results of elemental analysis (EA) and calculated using Eq. 2,   

𝐷𝐷𝐷𝐷 = 7×𝐶𝐶/𝑁𝑁−48+12𝐷𝐷𝐷𝐷−12𝐷𝐷𝐷𝐷
258

       (2) 

where C/N is the mass ratio of the total carbon versus total nitrogen of the DHA(EO)10GE-
g-HEC samples, DD is the degree of deacetylation of the CTS (87.95%), and DS is the 
substitution degree of hydroxyethylation of HEC (112.39%).  

Two kinds of DHA(EO)10GE-g-HECs were obtained with the mass ratio of 
DHA(EO)10GE versus sugar unit of HEC. The samples had mass ratios of 1.0 and 2.0, and 
the results concerned with their elemental analysis can be seen in Table 1.  

As shown in Table 1, the increase of the mass ratio of DHA(EO)10GE versus sugar 
unit could result in the increase of DG. The increase of DHA(EO)10GE in the reactant 
could provide much more opportunity for the reaction between DHA(EO)10GE and HEC, 
and it was favorable for much more DHA(EO)10GE to graft into the sugar chain. 

 
Table 1. Results of EA of the DHA(EO)10GE-g-HECs and their DG Values 

Sample n(DHA(EO)10GE):n(sugar 
unit) 

C Content 
(%) 

N Content 
(%) 

DG 
(%) 

DHA(EO)10GE-g-HEC 
I 

1.0:1.0 
53.58 4.218 

14.72 

DHA(EO)10GE-g-HEC 
II 

2.0:1.0 
54.98 3.739 

20.15 

 
Results and Ascription of FTIR, Ultraviolet (UV), and 1H NMR Analysis 

The FTIR spectra of DHA(EO)10H, DHA(EO)10H-ECH, and DHA(EO)10GE are 
shown in Fig. 1. The FTIR spectra of CTS, HEC, and DHA(EO)10GE-g-HEC are shown 
in Fig. 2.  

 

 
Fig. 1. FTIR spectra of DHA(EO)10H, DHA(EO)10H-ECH, and DHA(EO)10GE   
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Fig. 2. FTIR spectra of CTS, HEC, and DHA(EO)10GE-g-HEC 

 
In the FTIR spectrum of DHA(EO)10H, the absorption peak at 3490 cm-1 was 

ascribed to νO-H of hydroxyl, the peaks at 2937 and 2871 cm-1 were ascribed to νC-H of 
methyl and methylene, respectively. The peak at 1109 cm-1 was ascribed to νC-O of the 

ether bond, and the peak at 1723 cm-1 was ascribed to νC=O of the residual methyl 
dehydoabietate in DHA(EO)10H. Compared with the FTIR spectrum of DHA(EO)10H, a 
new peak was seen at 747 cm-1 in that of DHA(EO)10H-ECH, and it was ascribed to νC-Cl 

of the C-Cl bond. In addition, the absorption peak concerned with νO-H of hydroxyl had 
disappeared in the FTIR spectrum of  DHA(EO)10GE. 

In the FTIR spectrum of CTS, the brand peak at 3428 cm-1 was ascribed to νO-H of 
hydroxyl and νN-H of amino. The peaks at 2971 and 2924 cm-1 were assigned to νC-H of CH2 
and CH, respectively. The absorption peaks at 1636 and 1316 cm-1 were ascribed to amide 
Ⅰ and Ⅲ, respectively. The peak at 1384 cm-1 was ascribed to δC-H of methyl, and the peak 
at 1156 cm-1 was ascribed to the oxygen bridge. The peaks at 1053 and 1083 cm-1 were 
attributed to νC-O of alcohol. In the spectrum of HEC, a strong peak represented δC–H of 
CH2 occurred at 1449 cm-1. A wide strong peak representing νC–O of primary alcohol 
occurred at 1070 cm-1 and indicated much more primary hydroxyl existed its structure. The 
strong peak at 1303 cm-1 was assigned to the νC–N of secondary amine and indicated some 
of substitution reactions had happened on the amino group of CTS. Compared with the 
spectra of CTS and HEC, the intensity of absorption peaks at 2971 and 2924 cm-1 concerned 
with νC-H of CH2 and CH remarkable increased in the FTIR spectrum of DHA(EO)10GE-
g-HEC. This indicated that more methyl and methylene were present in the structure of 
DHA(EO)10GE-g-HEC. Meanwhile, some peaks concerned with the νC=C of aromatic ring 
were observed at 1612,1562, and 1455 cm-1.  

The UV spectra of HEC and DHA(EO)10GE-g-HEC are shown in Fig. 3. The 1H 
NMR spectrum of DHA(EO)10GE-g-HEC is shown in Fig. 4.  
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Fig. 3. UV absorption spectra of HEC and DHA(EO)10GE-g-HEC 
 

In the UV absorption spectrum of HEC aqueous solution, an absorption band 
associated with the C-N bond was seen at approximately 220 nm. Compared the UV 
absorption spectrum of DA(EO)10GE-g-HEC aqueous solution with that of HEC aqueous 
solution, it could be seen there existed some differences between them. Other than the 
absorption band at approximately 220 nm, there were two absorption bands at 258 and 
267 nm, which were associated with the aromatic ring structure, in the UV absorption 
spectrum of DA(EO)10GE-g-HEC. This indicated that the hydrogenated phenanthrene 
nucleus of DHA was present in the structure of DHA(EO)10GE-g-HEC. 

 

 
Fig. 4. 1H NMR spectrum of DHA(EO)10GE-g-HEC 
 

In the 1H NMR spectrum of DHA(EO)10GE-g-HEC, the peak at 4.21 represented 
the proton on C1 of sugar unit, and the peak between 3.85 and 4.0 represented the proton 
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on C5 of modified sugar unit. The peaks at 3.58 to 3.80, 3.40 to 3.58, and 3.0 were 
associated with the protons on C3, C6, and C2 of the sugar unit, respectively. The peaks 
at approximately 2.88 and 2.64 represented the H on C4 of sugar unit and that of methylene 
and methyne of the hydrophenylene ring. The peaks at 8.77, 8.52, 8.36, and 8.02 were 
ascribed to the H of benzene ring of the hydrogenated phenanthrene nucleus. The strong 
proton peaks at 1.0 to 1.50 and 1.50 to 2.0 were associated with the proton of methyl and 
methylene in the polyoxyethylene chain and dehydroabietylalcohol, respectively. The 
above results indicated the structure of dehydroabietyl polyoxyethylene had been 
introduced into the sugar chain of HEC. 
 
Gelating Behavior of the DHA(EO)10GE-g-HEC/GE Mixed Solution 

The hydrogelation behaviors of the mixed solution composed of different 
DHA(EO)10GE-g-HECs and GE with various mass ratio are shown in Table 2.  

 
Table 2. Gelating Times of the DA(EO)10GE-g-HEC Aqueous Solution at 37 °C 

Sample VDHA(EO)10GE-g-HEC (mL) VGE (mL) Gelling Time (min) 
Ia 0.70 0.70 190 
Ib 1.0 0.50 255 
Ic 0.90 0.30 325 
Id 1.0 0 - 
IIa 0.70 0.70 310 
IIb 1.0 0.50 415 
IIc 0.90 0.30 620 
IId 1.0 0 - 

I: Sample of DHA(EO)10GE-g-HEC with DG of 14.72%; II: Sample of DHA(EO)10GE-g-HEC with 
DG of 20.15%. The “-” indicates the solution could not transform into gel after 36 h. 
 

The presence of GE and the increase of its mass ratio in the mixed solution were 
favorable for the DHA(EO)10GE-g-HEC/GE mixed solution forming the hydrogel, and the 
increase of DG of DHA(EO)10GE-g-HEC resulted in prolonged gelling times of the mixed 
solution. These results are primarily attributed to the ability of GE to promote the 
crosslinking among different sugar chains of DHA(EO)10GE-g-HEC. The increase in the 
DG could decrease the amount of unsubstituted amino groups in the molecular structure of 
DHA(EO)10GE-g-HECs and decrease its ability to form Schiff-base through nucleophilic 
addition reaction between GE and unsubstituted aminos.  
 
Release Behavior of CAP Loaded in the DHA(EO)10GE-g-HECs/GE Hydrogel   
Effect of the DG and GE usage on the release of drug-loaded in the hydrogels 

The drug-loaded gels were prepared by using 10 mg/mL of GE and 3.5% of 
different DHA(EO)10GE-g-HEC aqueous solution in various ratios. The cumulative release 
rate of the drug was investigated with 0.320% of CAP content in the hydrogels, and the 
results are shown in Fig. 5. 
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Fig. 5. Relation of the release times and the cumulative release rate of the drug-loaded hydrogels 

 
The experimental results indicated that the increase of DG of DHA(EO)10GE-g-

HEC was unfavorable for the initial release of CAP from hydrogels but favorable for 
improving its cumulative release rate. An increased GE content in the mixed solution could 
result in the decrease of cumulative release rate of CAP from the hydrogels. The higher 
DG meant that a more hydrophobic hydrophenylene ring existed in the molecular structure 
of DHA(EO)10GE-g-HEC and could cause more initial resistance for the polar medium to 
penetrate the hydrogels. However, the higher DG also meant that there were fewer 
unsubstituted amino groups in the molecular structure of DHA(EO)10GE-g-HEC, which 
resulted in the formation of DHA(EO)10GE-based hydrogels with low crosslinking density 
and was favorable for the diffusion of more drugs from the hydrogels into the release 
solution. The increased GE mass ratio in the mixed solution was favorable for the formation 
of DA(EO)10GE-g-HEC-based hydrogels with a high crosslinking density. This could 
result in the increased resistance of drug diffusion from the hydrogels to the medium and 
the decreased ability of the medium to penetrate the hydrogels.  
 
Release kinetics of drug-loaded in different hydrogels 

OriginPro 8.5.1 software (Originlab Co., Northampton, MA, USA) was utilized to 
investigate the release kinetics of the CAP loaded in the DA(EO)10GE-g-HEC/GE 
hydrogels. The relationships between the cumulative release rate of CAP and the release 
times for different drug-loaded hydrogels were fitted using different nonlinear function. 
The fitted results can be seen in Fig. 6, Fig. 7, Fig. 8, and Table 3. 
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Fig. 6. The fitting curve of the release behavior of the CAP from hydrogel 1 
 

 
Fig. 7. The fitting curve of the release behavior of the CAP from hydrogel 2 

 

                      
Fig. 8. Fitting curve of the release behavior of the CAP from hydrogel 3 
 

 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Huang et al. (2022). “(DA(EO)10H) hydrogels,” BioResources 17(3), 4331-4346.  4342 

The fitting results data indicated that the Boltzmann function (y=A2+(A1-
A2)/(1+exp((x-x0)/dx))) could be utilized to describe the relationship between the 
cumulative release rate of CAP, which was loaded in the DHA(EO)10GE-g-HEC/GE 
hydrogels, and the release times in the PBS buffer solution with coefficients of 
determination higher than 0.999. Meanwhile, the ExpDec1 function (y=A1*exp(-x/T1)+y0) 
could also be utilized to describe the relationship between the cumulative release rate of 
CAP, which was loaded in the hydrogel obtained composed of DHA(EO)10GE-g-HEC (DG 
was 14.72%) and GE, and  release times excellently. However, when the ExpDec1 function 
was utilized to describe the relationship between the cumulative drug release rate and the 
release time for the hydrogel obtained from DHA(EO)10GE-g-HEC (DG was 20.15%) 
crosslinked with GE, the coefficient of determination was lower than 0.96. The fitting 
results showed the release behavior of CAP that loaded in the hydrogels, which was 
obtained through the crosslinking reaction between GE and DHA(EO)10GE-g-HEC with  
low DG, was in accordance with the first-order kinetics equation. However, the release 
behavior of CAP loaded in the hydrogels that was obtained from GE and DHA(EO)10GE-
g-HEC with high DG, was approximately in accordance with the first-order kinetics 
equation. 
 
Table 3. The Fitting Functions for Describing the Relationship between Release 
Times and Cumulative Release Rate for Different Drug-Loaded Hydrogels and 
their Coefficients of Determination 
Hydrogel Sample Fitting Function coefficient of determination 

Hydrogel 1 
F= -65.68134×exp(-1.02973t)+65.61714 0.99953 

F=65.46377-
260.13986/(1+exp(1.13852×(t+1.40913))) 0.9996 

Hydrogel 2 
F= -86.64533×exp(-t/1.61829)+83.04387 0.95426 

F=80.02709-88.32926/(1+exp(1.77535×(t-
1.27134))) 0.9994 

Hydrogel 3 
F= -73.97387×exp(-t/1.02993)+73.67559 0.99818 

F= 73.11953-
163.5847/(1+exp(1.32674×(t+0.16049))) 0.99981 

F: Cumulative release rate of CAP (%); t: Release time (h). 
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CONCLUSIONS 
 
1.  The dehydroabietyl polyoxyethylene(10) glycidyl ether grafted hydroxyethyl chitosans 

(DA(EO)10GE-g-HECs), as one of derivatives of chitosan (CTS)-containing 
phenanthrene nucleus and polyoxyethylene structure, could be prepared by grafting 
modification of water-soluble hydroxyethyl chitosan (HEC) with dehydroabietyl 
polyoxyethylene(10) glycidyl ether (DA(EO)10GE) as a grafting agent. 

2.  When the genipin (GE) was utilized as a crosslinking agent, the aqueous solution of 
DA(EO)10GE-g-HECs could be transformed into hydrogels. The increased GE or the 
decreased grafting degree (DG) could result in lower gelling times of mixed aqueous 
solution composed of DA(EO)10GE-g-HECs and GE.  

3.  The DA(EO)10GE-g-HECs/GE hydrogels could be utilized as one of carriers for loading 
CAP, and the relationship between the cumulative release rate of CAP loaded in the 
DHA(EO)10GE-g-HEC/GE hydrogels and the release times in the PBS buffer solution 
could be described using Boltzmann function (y=A2+(A1-A2)/(1+exp((x-x0)/dx))) with 
high coefficients of determination.  

4.  The release behavior of the chloramphenicol (CAP) loaded in the hydrogels that were 
obtained through the crosslinking reaction between the GE and the DHA(EO)10GE-g-
HECs with low DG was in good accordance with the first-order kinetics equation. 
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