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Metformin hydrochloride (MET) is the first-line drug and the preferred drug for 
patients with type II diabetes. In order to be convenient for patients with dysphagia to 
take, and to overcome that fear of the patient on potential health hazards of the MET 
sustained-release preparation containing a synthetic or semi-synthetic polymer car-
rier. In this paper, a green, pure natural and harmless sustained-release preparation 
of MET was prepared by using composite polysaccharide hydrogel (NCPH) as carrier. 
The influence of preparation conditions of MET-NCPH on its sustained-release perfor-
mance was investigated. The results indicated that the sustained-release performance 
of MET-NCPH prepared with agar/ι-carrageenan mass ratio of 1:3, polysaccharide 
concentration of 4 wt% and MET loading of 50mg/g was the best. The cumulative 
release in simulated gastric fluid was 61.32 wt% in 2 hours. The sustained-release 
mechanism of the drug accords with Fick’s diffusion mechanism. 

The research results of physical and chemical properties of NCPH showed that 
during the formation of NCPH, the interaction between agar molecules, ι-carrageen-
an molecules and agar/ι-carrageenan molecules would form a double helix structure, 
and agar/ ι -carrageenan molecules together formed a hydrogel. Dense network struc-
ture and high re-dissolution temperature were all helpful to improve the sustained-re-
lease performance of MET, but excessive dosage of ι -carrageenan would reduce its 
sustained-release performance. The sustained-release gel preparation can provide 
convenience for patients with dysphagia type II diabetes, and has significant applica-
tion value.

Keywords: Metformin Hydrochloride (MET); Sustained-Release Preparation; Agar/ 
ι-Carrageenan; Composite Hydrogel

Introduction
Metformin hydrochloride (MET) is the first-line and preferred 

drug for patients with type II diabetes [1-5]. Making MET into 
sustained-release preparation can prolong the time of drug effect, 
reduce the frequency of drug administration and the fluctuation 
range of blood sugar of patients, reduce many adverse reactions 
caused by overuse, and improve the tolerance of patients [6-9]. At  

 
present, the common MET sustained-release preparations in the 
market mainly include sustained-release tablets, sustained-release 
capsules, enteric-coated tablets and enteric-coated capsules 
[10,11].  Although the existing metformin sustained-release 
preparations have been used for many years, most sustained-release 
preparations have low drug economy, and some patients still have 
adverse gastrointestinal reactions after using them [12-16]. The 
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production processes of some sustained-release preparations are 
complicated and contain many auxiliary ingredients, which leads to 
high potential safety hazards [17,18]. 

In 2020, the Food and Drug Administration of the United States 
analyzed the samples of metformin sustained-release preparations, 
and found that the content of carcinogen N- nitrosodimethylamine 
in the samples of metformin sustained-release preparations 
produced by more than a dozen enterprises exceeded the standard, 
resulting in a large number of products being recalled, which 
caused people to pay more attention to the food safety of metformin 
sustained-release drugs. The development of new metformin 
sustained-release formulations has been a hot topic in recent 
years. Scholars [19] developed a pH-sensitive metformin delivery 
system by grafting polymethyl methacrylate onto gellan gum which 
could sustainably release for 12 hours. Researchers [20] prepared 
sodium alginate-commercial polyvinyl alcohol composite hydrogel 
which was sensitive to pH and temperature by freeze-thaw cycle 
method. When the pH value was 8.0, the release amount was the 
highest in 6 hours, reaching 55%. 

In the aspect of long-term sustained-release system with high 
drug loading, Scholars [21] developed a sustained-release system 
of MET loaded on lipid vesicles. The encapsulation rate of MET 
in lipid vesicles can reach 40.12%, and the system can release 
drugs continuously within 12 hours. Researchers [22] synthesized 
carboxymethyl modified sesbania gum, and developed a sustained-
release metformin microsphere with it as a carrier. The maximum 
drug loading of the microsphere system was 39.3%, and the final 
release amount was 68% after 12 hours. Scholars [23] developed a 
kind of metformin sustained-release pellets with high drug loading, 
using partially hydrolyzed polyvinyl alcohol and microcrystalline 
cellulose as main carriers and methacrylic acid copolymer as coating 
material. The maximum drug loading of the pellets was 70% and the 
sustained release time could reach 12 hours. Researchers [24] used 
Fe3+ ion cross-linked sodium alginate and sodium carboxymethyl 
cellulose to prepare hydrogel beads as sustained-release carriers of 
MET, and found that the release rate of metformin from these beads 
in pH=7.4 solution environment was faster than that in pH=1.2 
solution.

According to the actual market application and existing literature 
reports, the carriers of MET sustained-release preparations mostly 
contain semi-synthetic or fully synthetic polymer materials 
(such as modified cellulose, modified starch, carbomer, polyvinyl 
alcohol, polyacrylate, etc.) [25-32]. However, long-term use of 
these synthetic or semi-synthetic materials may cause potential 
health hazards to patients. Among them, many carrier materials 
still have the defects of relatively low drug entrapment rate due to 
insufficient mechanical strength or relatively weak interaction with 
drug molecules, or sudden drug release in drug-carrying system 

due to the corrosion of digestive enzymes or gastric acid in the 
stomach. This not only increases the probability of drug side effects, 
but also reduces the bioavailability of the drug [33]. Therefore, 
how to improve the drug loading capacity of the carrier, improve 
the bioavailability of the drug, improve the sustained-release 
performance of the preparation, and remove the hidden danger of 
food safety of the carrier material has become a difficult problem 
faced by the research and development of metformin sustained-
release preparation. 

Edible natural polysaccharide has the advantages of low 
price, no toxicity, medicinal safety, biocompatibility, etc., 
especially the gel structure and performance can be adjusted by 
polysaccharide compounding, which can completely make it have 
excellent drug sustained-release function [33,35]. Therefore, the 
development of metformin sustained-release preparation with 
natural polysaccharide composition as carrier will undoubtedly 
completely eliminate the hidden danger of food safety of existing 
metformin sustained-release preparation with semi-synthetic or 
fully synthetic polymer material as carrier, and at the same time, it 
can provide a new safe and efficient drug sustained-release system. 
The isoelectric point of MET is 11.5. When the pH is between 2.8 
and 11.5, metformin is mono-protonated, and when the pH is less 
than 2.8, metformin is bi-protonated [36]. In order to prepare 
excellent sustained-release hydrogel-type MET sustained-release 
preparation, it is required that its hydrogel carrier should not only 
be insoluble in gastrointestinal fluid, but also have a certain binding 
force with MET [37,38]. 

Agar, as a cheap and easy-to-obtain pure natural polymer 
polysaccharide, has unique self-gelation property and delayed 
temperature of gel re-dissolution, which also makes its hydrogel 
insoluble in human gastrointestinal fluid, providing a foundation 
for its use as a sustained-release drug carrier. However, agar also 
has some disadvantages, such as brittleness, rough taste, low 
transparency, and relatively weak binding force with positive ions 
of metformin caused by low content of anionic groups. Therefore, 
it is often necessary to compound other natural polysaccharides 
to improve its gel properties in practical application [39-41]. The 
molecular structure and gel formation mechanism of carrageenan 
are similar to those of agar, and it is cheap, easy to obtain, nontoxic, 
biocompatible and degradable. Compared with agar, its molecular 
structure contains a higher content of sulfate groups, so it can be 
used to modify agar gel, the basic carrier. The sustained-release 
performance of agar gel carrier can be improved by providing a salt 
bond between sulfate groups and MET.

There are 450 million people suffering from diabetes in the 
world. MET is the most commonly used drug for diabetes patients, 
and its conventional tablet diameter is usually about 0.5 cm, 
which is extremely inconvenient for patients with dysphagia due 
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to age, oral diseases and other reasons. In order to make it easy 
for patients with dysphagia to take and to enrich the dosage forms 
of MET sustained-release preparation, this paper studies the 
preparation and performance of MET sustained-release hydrogel 
with natural polysaccharide as sustained-release carrier, hoping 
to develop a drug-loaded edible hydrogel with excellent sustained-
release performance, so as to overcome patients’ fear of potential 
health hazards of MET sustained-release preparation containing 
synthetic or semi-synthetic polymer carrier, and at the same time, 
make patients enjoy the pleasure of eating jelly or jelly in the course 
of taking medicine.

Experimental
Reagent

The reagents, hydrochloric acid, disodium hydrogen phosphate 
and potassium dihydrogen phosphate were of analytically pure 
chemicals from Sinopharm Chemical Regent Co., Ltd. The agar, 
κ-carrageenan, ι-carrageenan and λ-carrageenan were food grade 
powder from Dehui Biotechnology Co., LTD (Qingdao, China). The 
Metformin hydrochloride (MET) was pharmacopoeia BP drug from 
Aladdin Reagent Co., LTD. Gliclazide metformin hydrochloride 
tablet was commercial drug from Sino-American Shanghai Squibb.

Preparation of Natural Composite Polysaccharide Hydrogels

In a beaker containing 100 ml deionized water, add a 
proper amount of single polysaccharide or binary compound 
polysaccharide, keep stirring at 90 ℃ until the polysaccharide 
is completely dissolved. Then, after adding water to a constant 
weight, immediately cover the beaker mouth with plastic wrap, and 
perform ultrasonic treatment at 80 ℃ with an ultrasonic cleaner 
to remove bubbles in the solution. After cooling to 60 ℃, pour the 
polysaccharide solution into the sample pool and immediately 
cover it with plastic wrap to prevent water loss. Let the sample pool 
stand until the solution temperature drops to room temperature, 
and then continue to stand for 5 hours. Then, put the sample pool 
in a constant-temperature biochemical incubator and store it at 
20 ℃ for 12 hours to obtain single polysaccharide or composite 
polysaccharide hydrogel.

Preparation of MET Loaded Natural Composite Polysaccharide 
Hydrogels

The polysaccharide solution was prepared according to the 
method of section 2.2. After the polysaccharide solution was cooled 
to 60 ℃, a certain amount of MET was added and stirred at 60 ℃ 
for 0.5 h. Then, the polysaccharide solution was poured into the 
sample pool and covered with fresh-keeping film immediately to 
prevent water loss. Then, the sample pool was putted in a constant-
temperature biochemical incubator and store it at 20 ℃ for 12 
hours. The MET loaded natural composite polysaccharide hydrogel 

(MET-NCPH) was obtained. Part of the hydrogels prepared in 2.2 
and 2.3 were pre-frozen at -40℃ for 5 h, and then freeze-dried at 
-60℃ with a vacuum freeze-dryer (CTFD-12S, China) to obtain 
xerogel samples for characterization.

Measurement of MET content

Preparation of Simulated Gastrointestinal Fluid

Diluted hydrochloric acid solution with pH=1.2 was used as 
simulated gastric fluid.

Disodium hydrogen phosphate and potassium dihydrogen 
phosphate solutions with a concentration of 66.71 mmol/L were 
prepared, respectively. The two solutions were mixed according 
to the volume ratio of disodium hydrogen phosphate solution/ 
potassium dihydrogen phosphate solution =80: 20 to obtain the 
simulated intestinal fluid with pH=7.4.

Characterization of MET Ultraviolet Absorption Wavelength

Simulated gastric fluids (simulated intestinal fluid) with 4, 10, 
16 and 20 μg/mL of MET were prepared. The ultraviolet absorption 
spectrum of MET in simulated gastric fluid (or simulated intestinal 
fluid) was obtained by scanning the wavelength of the diluted 
MET with an ultraviolet spectrophotometer (UV-2600, SHIMADZU, 
Japan) in the wavelength range of 400 nm-200 nm.

Establish standard curve

Simulated gastric fluids (simulated intestinal fluid) with 1, 2, 
4, 6, 8, 10, 12, 14, 16, 18 and 20 μg/mL of MET were prepared. 
The absorbance of simulated gastric fluid (or simulated intestinal 
fluid) with different concentrations of MET was measured by at the 
maximum absorption wavelength obtained from section 2.4.2. The 
test needs to be repeated 5 times.

Continuous Release Test of MET-NCPH in vitro

Continuous release test of MET-NCPH in vitro was carried out 
in two 500 mL conical flasks containing simulated gastric fluid and 
simulated intestinal fluid respectively. The flasks were placed in 
a constant temperature water tank at 37.0±0.5 ℃ to simulate the 
internal environment. 10 g of MET-NCPH was putted in a tea bag, 
and the tea bag was strapped in the stirring head (rotating speed 
was set at 30 RPM). It was stretched into the simulated gastric fluid. 
It was stirred and released for 2 h, then the simulated gastric fluid 
was removed, continuing to rotate until no liquid drops escape 
from the tea bag. Then, the stirring head was transferred into the 
simulated intestinal fluid. It was continuously released for 8 h to 
simulate the migration process of MET-NCPH in vivo. Samples of 4.0 
ml were taken from the conical flask at 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 
10 h respectively. Meanwhile, 4.0 ml of simulated gastric fluid (or 
simulated intestinal fluid) corresponding to the stage was added to 
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keep the liquid volume in the bottle unchanged. After the extracted 
solution is diluted by the corresponding simulated gastric fluid (or 
simulated intestinal fluid), the concentration of MET in the solution 
was determined by ultraviolet spectrophotometry. The cumulative 
release efficiency of the MET-NCPH to MET was calculated.

Effect of preparation conditions of MET-NCPH on Sustained-
Release Performance of MET

An orthogonal experiment (Table 1) was designed to evaluate 
the effect of preparation conditions of 1 on sustained release of 
MET. The mass concentration of agar/carrageenan MET-NCPH (the 
levels were set at 2 wt%, 3 wt% and 4 wt%) was labeled as factor A. 
the drug loading of the MET-NCPH (the levels were set at 50 mg/g, 
150 mg/g and 250 mg/g) was labeled as factor B. The mass ratio of 
agar/carrageenan (Ag/Ca, the levels were set at 1:2, 1:3 and 1:4) 
was labeled as factor C. 

Table 1: Orthogonal experimental design table.

No.
A B C Condition

1 2 3 A 
(wt%)

B 
(mg/g) C

1 1 1 1 2.0 50 1:2

2 1 2 2 2.0 150 1:3

3 1 3 3 2.0 250 1:4

4 2 1 2 3.0 50 1:3

5 2 2 3 3.0 150 1:4

6 2 3 1 3.0 250 1:2

7 3 1 3 4.0 50 1:4

8 3 2 1 4.0 150 1:2

9 3 3 2 4.0 250 1:3

Physical and Chemical Properties Test of MET-NCPH 

The gel strength, gel temperature and gel re-dissolution 
temperature of MET-NCPH were determined by referring to 
literature methods. The functional groups of xerogels were 
characterized by FT-IR (Nicolet Is10, PerkinElmer Waltham). The 
apparent viscosity of MET-NCPHs were characterized by rheometer 
(DV-3T, America). Optical rotation of MET-NCPH was characterized 
by polarimeter (MCP 5300, Austria). The surface morphology 
of xerogels were characterized by SEM (JSM-7800F, Japan).  The 
thermal stability of MET-NCPHs were characterized by TG (TG7, 
America). 

MET-NCPH Simulated Release Kinetics

According to the literature, Korsmeyer-Peppas release model is 
widely used to describe the sustained release process of polymer 
drug-loaded preparations. The equation is shown in formula (1). 
The larger the value of k in Korsmeyer-Peppas equation, the higher 
the diffusion rate, and the value of k2 can be used to explain the 

drug release mechanism. When k2>0.89, the drug release conforms 
to the matrix dissolution mechanism. When 0.89> k2>0.45, the drug 
release process conforms to the mechanism of skeleton dissolution 
and drug diffusion. When k2<0.45, the drug release process 
accords with Fick’s diffusion release mechanism. In this paper, the 
model was used to simulate the sustained-release process of MET-
NCPH, and the relationship between the cumulative release rate 
and release time of MET in MET-NCPH was explored to reveal the 
sustained-release mechanism. y=k1tk2        (1) Where y was the 
cumulative release rate and t was the release time.

Results and Discussion 
Determination of MET in Simulated Gastrointestinal Fluid

The ultraviolet absorption spectrum and standard operating 
curves of MET in simulated gastric fluid and simulated intestinal 
fluid are shown in Figure 1. The pH of the solution had a great effect 
on the ultraviolet absorption of MET. The reduced pH means that the 
formation of double protonation of MET, which would reduce the 
electron cloud density of the C=N bond in the MET molecule, thus 
leading to the blue shift of the maximum absorption wavelength.

Screening of Composite Hydrogel Carriers

Effect of carrageenan type and dosage on the strength of 
NCPH

On the premise of ensuring the gel degree of NCPH, the more 
anionic groups in NCPH, the more favorable it is to combine with 
protonated MET through salt bond, thus achieving higher drug 
loading and better sustained release performance. The contents 
of sulfate groups in agar, κ-carrageenan, ι-carrageenan and 
λ-carrageenan are 1.54 wt%, 7.94 wt%, 18.92 wt% and 25.27 
wt% respectively. However, excessive sulfate will lead to mutual 
repulsion between negative charges and inhibit the formation of 
double helix structure between agar molecules and carrageenan 
molecules, thus affecting the gel strength. Table 2 shows the effects 
of carrageenan types and the mass ratio of Ag/Car on the gel 
strength of 1.5 wt.% NCPH. Agar, κ-carrageenan and ι-carrageenan 
solutions alone could all form gels with certain strength, among 
which agar solution had higher gel strength, while κ-carrageenan 
and ι-carrageenan solutions had relatively lower gel strength, and 
λ-carrageenan solution alone could not form gel. The gel strength of 
NCPH also showed an obvious downward trend with the increase of 
carrageenan content.

Effect of carrageenan type and dosage on the strength of 
NCPH

The relationships between MET release profile and time during 
the sustained-release process of MET-NCPH in vitro with the total 
polysaccharide concentration of 2 wt% as the carrier and the MET 
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loading of 250 mg/g (the mass of the composite hydrogel) are given 
in Figure 2. As shown in Figure 2, a typical commercial MET tablet, 
«Gliclazide», was a common preparation. When it was added into 
simulated gastric fluid, the tablet would be dispersed and dissolved 
quickly without sustained-release performance. However, the MET-
NCPHs all had sustained-release properties, and the cumulative 
release rates of MET could reach more than 80 %. For ι-carrageenan, 

the sustained-release performance of the agar/ ι-carrageenan (1:3) 
MET-NCPH was the best. For λ-carrageenan, the sustained-release 
performance of the MET-NCPH composed of agar/λ-carrageenan 
(1:2) was the best, but the former one was significantly better than 
the latter one. The cumulative release rate of MET in simulated 
gastric fluid of the former was 74.40%, which was significantly 
lower than the cumulative release rate of the latter (85.01%). 

Figure 1: Ultraviolet absorption spectrums of MET, 
a)	 simulated	gastric	fluid,	
b)	 simulated	intestinal	fluid.	Standard	operating	curves	of	MET,	
c)	 simulated	gastric	fluid,	
d)	 simulated	intestinal	fluid.

Figure 2: Effects	of	carrageenan	types	and	dosage	on	the	sustained-release	process	of	MET-NCPH	in	simulated	gastric	fluid	and	
intestinal	fluid,	
a.	 κ-	carrageenan,	
b.	 ι-	carrageenan,	
c.	 λ-	carrageenan.
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The sulfate content of ι-carrageenan was lower than 
λ-carrageenan. The 3,6- internal ether bonds in ι-carrageenan gave 
it the ability to form hydrogel. And in the process of forming the 
hydrogel by the agar/ ι-carrageenan composite polysaccharide 
solution, a double helix structure would be formed between a part 
of ι-carrageenan molecules and the agar molecules. λ-carrageenan 
contained a large number of sulfate and didn’t contain 3,6- internal 
ether bond. It had no ability to form gel. In the gel forming process 
of agar/λ-carrageenan NCPH, a double helix structure was difficult 
to be formed between λ-carrageenan molecules and agar molecules, 
so the λ-carrageenan molecules basically existed in a gel network 
structure formed by agar molecules. When the agar/λ-carrageenan 
MET-NCPH was put into the simulated gastrointestinal liquid, 
λ-carrageenan was precipitated, thereby causing the occurrence of 
relatively large release amount of MET in gastric fluid.

Table 2: Effect of carrageenan type and dosage on the strength 
of NCPH.

Ag/Car
Gel strength (g/cm2)

κ- carrageenan ι- carrageenan λ- carrageenan

1:0 1250 1250 1250

4:1 915 860 745

3:1 780 760 600

2:1 565 550 450

1:1 375 350 195

1:2 215 145 80

1:3 135 100 50

1:4 90 40 10

0:1 85 25 0

In addition, at the same ratio, the final release rate of MET in 
the MET-NCPHs was agar/κ-carrageenan > agar/ ι-carrageenan > 
agar/λ-carrageenan. With the increase of carrageenan content, the 
final release rate of MET in the MET-NCPHs showed a downward 
trend, which was attributed to the electrostatic force between 
sulfate and MET in carrageenan molecules. It made some MET 
molecules unable to be released, and may caused drug waste in 
practical application.

Optimization of preparation process of MET-NCPH

The results of the three-factor three-level orthogonal 
experiment constructed with the mass ratio of agar/ι-carrageenan, 
the concentration of NCPH, and the drug loading of MET as the 
three factors with the cumulative release rate of gastric fluid as the 
dependent variable are shown in Table 3. The order of influence 
of the three factors on the cumulative release rate of MET-NCPH 
in gastric fluid was the Ag/Car > drug loading amount > gel 
concentration. For factor A, KA1>KA2>KA3 indicated the higher the 
concentration of the polysaccharide solution forming the gel was, 
the better the sustained-release performance of the MET-NCPH. 
Increasing the concentration of polysaccharide molecules in the 
hydrogel could increase the content of anionic group sulfate groups 
of the hydrogel and increase the binding amount of MET with the 
hydrogel network structure. For factor B, KB3>KB2>KB1 indicated 
that the smaller drug loading of MET-NCPH was, the better the 
sustained-release property of MET-NCPH in simulated gastric fluid 
was. It was due to the lower the drug loading, the higher the percent 
binding of MET to the gel network structure, correspondingly, the 
lower the cumulative release rate in simulated gastric fluid.

Table 3: Orthogonal test to optimize preparation process of MET-NCPH.

No. Composition
Condition Result

Concentration 
(wt%) Loading (mg/g) Ag/Car Release rate 2h 

(%)
Final release rate 

(%)

1 A1B1C1 2 50 01:02 75.77 91.46

2 A1B2C2 2 150 01:03 72.62 92.53

3 A1B3C3 2 250 01:04 88.22 89.24

4 A2B1C2 3 50 01:03 62.68 90.97

5 A2B2C3 3 150 01:04 81.58 89.73

6 A2B3C1 3 250 01:02 76.94 92.69

7 A3B1C3 4 50 01:04 79.05 88.09

8 A3B2C1 4 150 01:02 69.76 90.82

9 A3B3C2 4 250 01:03 70.88 92.01

K1 78.87 72.5 74.16

K2 73.73 74.65 68.73

K3 73.23 78.68 82.95

R 5.64 6.18 14.22
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For factor C, KC3>KC1>KC2 indicated that, when the Ag/Car was 
1:3, the sustained-release property of the MET-NCPH in simulated 
gastric fluid was the best. The results showed that the gel strength 
and the sulfate content (ι-carrageenan dosage) had staggered 
effects on the cumulative release rate of MET-NCPH in simulated 
gastric fluid. It reached the maximum when the Ag/Car was 1:3, 
which was consistent with the result in Figure 2. It was found that 
the cumulative release of A1B3C2 MET-NCPH in gastric fluid was 
the lowest. The optimized preparation condition of the MET-NCPH 
was as follows, the concentration of polysaccharide in the hydrogel 
was 4 wt%, the drug loading was 50 mg/g, and the mass ratio of 
Ag/Car was 1:3.

Application Performance Evaluation of MET-NCPH

In order to improve the practicality of the MET-NCPH, the 
sustained-release performance of the MET-NCPH with the 

polysaccharide concentration of 4 wt%, Ag/Car of 1:3 was further 
investigated. Figure 3 shows the photos of drug-loaded gel with 
different drug loadings. The MET-NCPHs with the drug loadings 
of 50, 150 and 250 mg/g were transparent and uniform gel-like, 
indicating that MET could be uniformly loaded into the MET-
NCPHs. However, as the drug loading continued to increase, white 
needles appeared in the hydrogel, indicating that the MET loading 
was too high and had precipitated in the gel. It was due to most of 
the water molecules in the gel have been absorbed and combined 
by the polysaccharide molecules, and the small amount of water 
molecules that were not combined by the polysaccharide molecules 
were insufficient to completely dissolve the excessive MET. The 
results showed that the optimal drug loading range of MET-NCPH 
(Ag/Car=1:3, gel concentration 4 wt%) was from 50 mg/g to 250 
mg/g.

Figure 3: Photos of MET-NCPH (Ag/Car=1:3, gel concentration 4 wt%) with different drug loadings.

Figure 4: Effect of drug loading on the sustained-release performance of MET-NCPH (Ag/Car=1:3, gel concentration 4 wt%).
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Figure 4 shows the release curves of MET-NCPHs (Ag/Car=1:3, 
gel concentration 4 wt%) with drug loading of 50, 150 and 250 
mg/g in simulated gastrointestinal fluid. With the increase of drug 
loading, the cumulative release rate of MET-NCPHs in gastric fluid 
shows an increasing trend, with the minimum cumulative release 
rate of 61.32%. Characterization and physicochemical properties 

of the NCPH The performance of MET-NCPH depends directly on 
its gel structure. Therefore, studying the relationship between 
the structure and performance of NCPH will have important 
theoretical guidance for the development of its sustained-release 
gel preparation loaded with MET [42].

Infrared characterization of dry MET-NCPH

Figure 5: FT-IR spectra of MET, dry NCPH and dry MET-NCPH.

Table 4: Gel strength, gel temperature and gel re-melting temperature of MET-NCPH.

Ag/Car Gel temperature (℃) Re-melting temperature 
(℃) ∆T Gel strength (g/cm2)

1:0 35.5 83.2 47.7 1250

3:1 32.7 80.2 47.5 760

2:1 32.3 79.4 47.1 550

1:1 32.0 77.8 45.8 350

1:2 31.7 77.2 45.5 100

1:3 31.2 75.7 44.5 50

0:1 30.2 73.5 43.3 30

Note:	∆T	was	the	difference	between	the	gel	re-melting	temperature	and	the	gel	temperature.

The FT-IR spectra of MET, dry NCPH and dry MET-NCPH are 
shown in Figure 5. The apparent MET characteristic in the MET-
NCPH curve indicates the successful loading of MET in MET-NCPH. 
The region where 1210-1290 cm-1 attributed to sulfate was locally 
enlarged. It could be seen that the characteristic absorption peaks 
of sulfate in ι-carrageenan and agar molecules appeared in the 

NCPH at 1244 cm-1 and 1250 cm-1, respectively. The curve shapes of 
MET and MET-NCPH were the same in the 1210-1290 cm-1 region, 
and both showed two protrusions near 1246 cm-1 and 1270 cm-1. 
This might be due to the sulfate in the NCPH reacted with the amino 
group of MET, so that the sulfate characteristic absorption peak of 
the MET-NCPH xerogel disappeared.
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Gel Strength, Gel Temperature and Gel Re-Melting 
Temperature of MET-NCPH

The MET-NCPH in each proportion could form gel. With the 
increase of ι-carrageenan content in the system, the gel temperature, 
gel re-melting temperature and gel strength of the MET-NCPH 
exhibited a decreasing trend, which was related to the sulfate in 
carrageenan prevented the formation of the double helix structure. 
With the increase of ι-carrageenan content, △T between the re-
melting temperature and the gel temperature showed a downward 
trend, which indicated that the thermal hysteresis of the MET-NCPH 
was weakened. The gel re-melting temperatures of the MET-NCPHs 
were all higher than 70 ℃, which indicated that it could exist stably 
in the digestive tract and had drug sustained-release property.

Viscosity-Temperature Curve, Optical Rotation and TG of 
NCPH.

The viscosity-temperature curve, optical rotation and TG of 
NCPH are given in Figure 6. From the viscosity-temperature curves 
(Figure 6 (a)) of NCPH (1 wt%) with different Ag/Car, it could be 
seen that the viscosity of the samples increased slowly from 55 to 
36 ℃, which indicated that agar molecules, ι-carrageenan molecules 
and agar/ ι-carrageenan molecules in the solution were associated 
to form a double helix structure, which made the viscosity of each 
polysaccharide solution increase slowly with the decrease of 
temperature. When the temperature drops to around 36 ℃, each 
polysaccharide solution experiences an inflection point with a rapid 
increase in viscosity. This was due to the double helix structures 
(among agar molecules, carrageenan molecules and between agar/ 
ι-carrageenan molecules) formed in the solution begin to link with 
each other to form a three-dimensional network structure, that 
was, gel begun to form, which made the polysaccharide solution 
lose its fluidity.

When the temperature was above 70℃, the measured value of 
the optical rotation of the NCPH solution was equal to the theoretical 
value (Figure 6 (b)), which meant that the agar molecules and 
carrageenan molecules in the mixed solution mainly existed in a 
single-molecule coil conformation. As the temperature gradually 
decreased from 70 ℃ to 40 ℃, the measured value of the optical 
rotation of the agar/ι-carrageenan binary composite gel solution 
was found to be higher than the theoretical value, which indicated 
that the interaction between the agar molecules and carrageenan 
molecules in the binary composite polysaccharide solution resulted 
in the deviation of the measured value from the theoretical value. 
When the temperature of the NCPH solution was further reduced to 
40 ℃ or below, the measured value of the optical rotation showed 
a trend of increase at first and then obvious decrease, which was 
significantly lower than the theoretical value. During the cooling 
process of NCPH solution, some ι-carrageenan molecules and agar 
molecules had molecular interactions and formed a gel network 
structure that was insoluble in gastrointestinal fluid, thus making 
the MET-NCPH have good MET sustained-release performance in 
simulated gastric fluid and intestinal fluid.

There were three stages in the weight loss process of dry MET-
NCPH (Figure 6 (c)). First stage, within the temperature range of 
20–200 ℃, the weight loss rate was about 15%, which was mainly 
due to the moisture in the sample was heated and dried out, 
indicating that the drug loading gel had good stability. The second 
stage, within that range of 200-400 ℃, the NCPH and the MET-
NCPH both had obvious weight loss, which meant that both MET 
and polysaccharide molecules undergone thermal decomposition. 
In the third stage, the weight loss rates of the two samples slowed 
down and gradually stabilized when the temperature was above 
400 ℃. It demonstrated that the MET-NCPH possessed good 
thermal stability at temperatures below 100 ℃.

Figure 6: Viscosity-temperature curve (a), optical rotation (b) and TG (c) of NCPH.
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SEM photos of NCPH.

Figure 7 presents the SEM characterization results of NCPH. 
With the increase of carrageenan addition, the pores of NCPH 
became smaller and more irregular gradually. According to 
the previous research results of the research group on the gel 
mechanism of agar /k-carrageenan composite polysaccharide 
solution [Zhao Jingkun Sun Ce Paper], it could be speculated that 
in the gel formation process of NCPH solution, the double helix 

structure formed between agar molecules, agar/ι-carrageenan 
molecules, ι-carrageenan molecules would sequentially form a gel. 
The gel skeleton structure formed by the NCPH solution contained 
both agar molecules and ι-carrageenan molecules. With the 
increase of ι-carrageenan, the pores of the gel skeleton structure 
became more and more dense and irregular. This was because the 
ι-carrageenan molecules contain more anionic groups, so the gel 
forming ability was weak, and some ι-carrageenan molecules exist 
in the gel as a single molecular state or a double helix structure. 

Figure 7: SEM	photos	of	NCPH	with	different	Ag/Car,	
a) (a)1:0, 
b) (b)3:1, 
c) (c)2:1, 
d) (d)1:2, 
e) (e)1:3, 
f) (f) 0:1.

Figure 9.
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During the drying process, the ι-carrageenan molecules in the 
single molecular state or the double helix structure are embedded 
in the gel skeleton structure, so that the pores of the gel skeleton 
structure become more and more irregular. The dense gel mesh 
structure could effectively inhibit the release of MET, and the 
ι-carrageenan in the gel skeleton structure could also provide more 
electrostatic adsorption sites for the MET, so that the sustained-
release performance of the MET-NCPH was superior to that of the 
agar gel. However, if the dosage of ι-carrageenan was too large, 
the single-molecule state or double-helix ι-carrageenan molecules 
embedded in the gel backbone structure would rapidly dissolve 
and precipitate gel in the simulated gastrointestinal fluid, resulting 
in the decline of its sustained-release performance, which might 
be the reason why the sustained-release performance of Ag/Car 
(1:3) MET-NCPH was superior to that of Ag/Car (1:4) MET-NCPH. 
Sustained-release kinetics simulation of MET-NCPH Korsmeyer-
Peppas model was used to simulate the sustained-release process of 
MET-NCPH (Ag/Car=1:3, gel concentration 4 wt%, drug loading 50 
mg/g) in gastric fluid and intestinal fluid. The results are shown in 
Figure 8. The fitting degree R2=0.9903, and the obtained Y = 19.21 
* T 0.25 equation was in good agreement with the measured data, 
and k2=0.25 in the equation, which was lower than 0.45, indicating 
that the drug release process of the preparation conforms to Fick’s 
diffusion release mechanism and follows a unidirectional release 
pattern.

Conclusion 
1. The sustained-release performance of MET-NCPH 
prepared with agar/ι-carrageenan mass ratio of 1:3, 
polysaccharide concentration of 4 wt% and MET loading of 
50mg/g was the best. The cumulative release in simulated 
gastric fluid was 61.32 wt% in 2 hours. The sustained-release 
mechanism of the drug accords with Fick’s diffusion mechanism.

2. During the formation of NCPH, the interaction between 
agar molecules, ι-carrageenan molecules and agar/ι-
carrageenan molecules would form a double helix structure, 
and agar/ι-carrageenan molecules together formed a hydrogel. 
Dense network structure and high re-dissolution temperature 
were all helpful to improve the sustained-release performance 
of MET, but excessive dosage of ι-carrageenan would reduce its 
sustained-release performance.
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