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A B S T R A C T

At present, titanium (Ti) and its alloys are most commonly use in hemostasis clip clinical applications. However,
the Ti Clip cannot be absorbed in human body and produce artifacts on computed tomography (CT), and induce
clinically relevant hypersensitivity in patients. In order to overcome the drawbacks of the non-degradable Ti
clips, an Mg–Zn–Ca alloy operative clip was fabricated by combining hot extrusion and blanking processing. In
vitro and in vivo biocompatibility of Mg–Zn–Ca alloy operative clip were evaluated by L-929 Cells and SD rat
model respectively. It was found that Mg–Zn–Ca alloy exhibited non-cytotoxic to L929 cells. In vivo implantation
showed that the newly designed Mg–Zn–Ca clip can successfully ligated carotid artery and no blood leakage
occurred post-surgery. During the period of the clip degradation, a small amount of H2 gas formation and no
tissue inflammation around the clips were observed. The degradation rate of the clip near the heart ligated the
arteries faster than that of clip far away the heart due do the effect of arterial blood. Histological analysis and
various blood biochemical parameters in rat serum samples collected at different times after clip implantation
showed no tissue inflammation around the clips.

1. Introduction

Minimally invasive surgery has received increasing attention due to
the minimization of tissue damage and more rapid postoperative re-
covery [1–3]. During the operation, blood vessels are usually occluded
by using hemoststic clips instead of medical sutures because of the
small surgical incision [4]. At present, titanium (Ti) and its alloys are
most commonly used in clinical applications because they possess ex-
cellent ductility and biocompatibility to ensure occluding blood vessels
completely and safely in biological systems [5–7]. However, in actual
operation, there are many shortcomings influencing the reliability of
hemostatic clips. Firstly, the corrosion rate of Ti alloys is so slow that Ti
clips may remain in the body permanently and it is very difficult to
remove the clips from dense tissues after a patient has fully recovered.
In addition, removing the clips may result in secondary injuries and
pain to patient [8,9]. Moreover, the X-ray scanning diagnosis will be
interfered by Ti alloy clips due to its higher X-ray absorption coefficient
compared to human tissue [8–10]. They can also cause allergic reac-
tions and induce clinically relevant hypersensitivity in patients [11].

In order to overcome the drawbacks of the non-degradable Ti clips,
it is expected that future hemostatic clips will only exist in the body

temporarily. With the completion of the hemostatic function and the
progress of tissue repair, it is possible for the clips to gradually degrade
and for the body to absorb the degradation products. For example,
Lapro-Clips can be fully hydrolyzed in 180 days without affecting the
patient's medical examination post-operatively [12]. However, due to
the low mechanical strength and elasticity modulus of polymer clips,
clinically-used degradable polymer clips rely on a special structural
design to ensure the sufficient clamping force resulting in a relatively
complex clip structure, which increases the difficulty of surgical ma-
nipulation and greatly reduces the application range of biodegradable
polymer clip.

Currently, magnesium and its alloys have received increasing at-
tention as metallic implant materials due to their excellent bio-
compatibility and biodegradability. To date, magnesium alloys have
been extensively studied in biodegradable bone fracture fixation, car-
diovascular stents and other applications [13]. At present, the major
drawback of the magnesium alloys as implant materials is that they
dissolve too fast and promote fast degradation of mechanical properties
before the completion of bone-healing process [14]. Although several
methods such as alloying, high purification and surface modification
treatments have been used to improve the corrosion resistance, this
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problem still has not been solved effectively. From the perspective of
service performance requirements for application in hemostasis clips, it
is necessary to maintain the mechanical strength of the alloy for only
two weeks, and therefore the rapid corrosion is not a major issue for the
use of magnesium alloys. It was also shown that magnesium alloys did
not exhibit artifacts in the CT testing [15]. Thus, magnesium and
magnesium alloys are very desirable candidate materials for use in
degradable hemostatic clips. However, pure Mg showed poor ductility
due to the movement of some slip systems were limited by the high
anisotropy of crystal structure [16]. When clip was occluded, a dra-
matic plastic deformation occurs at the top corner of the clip, which
may lead to crack nucleation and propagation. Micro-cracks will be
prone to corrode after implantation in the body, possibly leading to
crevice corrosion and giving rise to clip fracture during the application
period. On the other hand, alloying Mg with biocompatible elements
and controlling the microstructure may contribute to the excellent
fracture toughness of the Mg-based alloys. In recent years, Mg–Zn–Ca
series alloys have attracted extensive attention. This is because both Zn
and Ca are essential elements in the human body and are biocompatible
within certain limits [17]. Moreover, these alloying elements are ef-
fective grain refiners for magnesium and therefore are expected to
improve the ductility [18]. Recently, Mg-0.55Zn-0.16Ca clip was fab-
ricated by double extrusion combined machining and manually bent
processing route. This Mg-0.55Zn-0.16Ca clip successfully occluded
renal vein in a rat model. There was no inflammation of the sur-
rounding tissues [19]. However, the preparation process of the Mg-
0.55Zn-0.16Ca clip is is relative complex, and the precision of the fin-
ished clip and the production efficiency need to be improved. Our
previous work shows that Mg–3Zn-0.2Ca alloy exhibits the good com-
bination of mechanical performance and corrosion resistance [17]. In
this study, a new designed Mg–3Zn-0.2Ca alloy clip was fabricated by a
novel route of combined hot extrusion and blanking process tech-
nology. After fabrication, these clips ligated carotid artery in a rat
model. Microstructure evolution, mechanical properties, corrosion be-
havior and occlusion properties of the Mg–Zn–Ca alloy hemostatic clip
were investigated in vitro and in vivo [20]. The biocompatibility eva-
luations of biodegradable Mg–Zn–Ca alloy hemostatic clips at different
times after clip implantation were also investigated.

2. Material and methods

2.1. Structural dimension design for Mg–Zn–Ca alloy clip

The Structural dimension of the newly designed hemostatic clip is
shown in Fig. 1. Compared with the reported Mg-0.55Zn-0.16Ca clip
[19], the advantages of newly designed hemostatic clip are mainly
manifested in two aspects. Firstly, the circular opening at the top of the

clip is smaller, which makes it easier to fit the blood vessel wall during
the operation and easier to clamp the blood vessel. Moreover, the two
ends of the hemostatic clip are designed to be increasing thickness from
the tail end to the top, which is mainly because the deformation stress
of the clip is concentrated at the top, so as to avoid the top fracture
during hemostatic clamping.

2.2. Sample preparation

High-purity magnesium ingot (99.99 wt%), Zn particles (99.99 wt
%) and Mg–Ca master alloy (30 wt% Ca) were used as raw materials for
the preparation of the Mg-3wt%Zn-0.2 wt%Ca alloy. The alloy was
melted in a vacuum electromagnetic induction furnace (ZG-10,
Shanghai, China) with mechanical agitation under the protection of
argon gas at 720 °C. The molten metal was poured into a copper mold
for casting. The composition of the Mg–3Zn-0.2Ca is also shown in
Table 1.

The cast ingot was annealed at 380 °C for 24 h to homogenize the
alloy, and then extruded as cylindrical bar (8 mm diameter) and rec-
tangular sheet (45mm wide× 1.1mm thick) using a YQ 32–315 ex-
truding machine at 320 °C. For cellular viability/cytotoxicity experi-
ments, the bar-shaped alloys were cut into discs with heights of 3mm or
0.5 mm. Blanking process was applied to cut the magnesium alloy
sheets into clips with the shape and size shown in Fig. 1. The longer
direction of the clip was parallel to the extrusion direction. Then, the
clips were annealed at 300 °C for 2 h. Finally, all clips were polished to
1mm thick and then ultrasonic cleaned in anhydrous ethanol and dis-
tilled water before drying and sterilization with gamma rays.

2.3. In vitro cell test

2.3.1. Indirect contact cytotoxicity test
L-929 Cells (Dingguo, China) cultured in RPMI-1640 medium

(Gibco, US) supplemented with 10% fetal bovine serum (FBS) (Hyclone,
US) were passaged 3 days and incubated at 37 °C and 5% CO2 in a
humidified incubator. Preparation of extracts were prepared according
to ISO 10993-5 standard [21]. Disinfected cylinder alloy samples (Ø8
mm×3mm) were rinsed with phosphate buffer solution (PBS) (Sor-
abio, China) three times and then immersed in 1mL RPMI-1640
medium supplemented with 10% FBS (the surface-to-volume ratio was
200mm2/mL) for 7 days in a 5% CO2 humidified incubator at 37 °C.
Fresh cell culture medium was added to dilute extracts of Mg–3Zn-
0.2Ca alloy to 6.25%, 12.5%, 25% and 50%. RPMI-1640 medium
containing 10% FBS was used as a negative control. Cells (5000 cells/
well) were seeded in 96-well plates (Corning, USA) with cultivation
media (RPMI-1640 medium+10% FBS) and the plates were incubated
at 37 °C and 5% CO2 in a humidified atmosphere for 24 h to ensure cell
attachment. The medium in each well was then exchanged with 100 μL
extraction medium at different concentration (6.25%, 12.5%, 25%,
50% and 100%) and 100 μL pristine medium (negative control group)
and the passaged cells continued to incubate for 1, 3 and 5 days in the
same conditions. During this period, cell growth was observed by op-
tical microscopy (Nikon ECLIPSE Ti inverted microscope, Japan) at the
end time point of each group.

Cell viability was evaluated using MTT colorimetric assay (3-(4, 5-
Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) (Sigma, US).Fig. 1. Structural dimensions of Mg–3Zn-0.2Ca alloy clip.

Table 1
Nominal and analyzed compositions of Mg–3Zn-0.2Ca alloy.

Mg-3 (wt.%) Zn-0.2 (wt.%) Ca

Mg Zn Ca

Nominal composition/wt.% 96.8 3.0 0.2
Analysis composition/wt.% 96.77 3.02 0.21
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20 μL MTT solution (dissolved in PBS, 5mg/mL) was added to each test
well and then incubated for 3h (37 °C, 5% CO2, 95% relative humidity).
Finally, 150 μL dimethylsulfoxide (DMSO) (Sorabio, China) was added

to each well and optical density (OD) measurements were conducted
using an Epoch spectrophotometer (Bio-Tek, US) at 570 nm after an-
other 10min incubation at room temperature. The change in cell

Fig. 2. (a) The viability of L929 cells exposed to different concentrations of immersion extracts (0, 6.25%, 12.5%, 25%, 50%, 100% Mg–3Zn-0.2Ca alloy) and times
(1, 3, 5 days), *: p < 0.05. The typical morphologies of L929 cells cultured in RPMI-1640 medium +10% FBS (b) and 12.5% Mg–3Zn-0.2Ca alloy extract (c) for 5
days.

Fig. 3. Morphologies of direct growth of L929 cells: cells were stained after seeding on Mg–3Zn-0.2Ca substrates for one day (a1-a4) or five days (b1-b4); cells were
stained after seeding on plastic tissue culture sample for one day (c1-c4) or five days (d1-d4). Living cells fluoresced green and dead cells fluoresced red.
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viability compared to the negative control was calculated according to
the following equation: Viab.%=ODtest/ODnegative× 100%.

According to ISO 10993-5 standards, the value of Viab.% was
converted into a grade between 0 and V to assess the cytotoxic potential
of each sample: 100% or more is grade 0, 75%–99% is I, 50%–74% is II,
25%–49% is III, 1%–24% is IV and 0% is V. Extracts causing a Viab.%
reduction greater than grade I were considered cytotoxic to cells, as
described in ISO 10993–5 [21].

2.3.2. Direct cell adhesion experiments
500 μL L929 cells were seeded on bare Mg–Zn–Ca substrates (Ø8

mm×0.5mm) and plastic tissue culture substrates (Ø8 mm×0.5mm)
at a seeding density of 5× 105 cell/mL in six-well plates. The plates
were maintained at 37 °C and 5% CO2 in a humidified atmosphere for
48 h. To assess living and dead cells on the surface of the sample, all test
discs were washed with abundant PBS and marked with Hoechst 33342,
Propidium Iodide (PI, Sigma–Aldrich, Missouri, USA) and Wheat Germ
Agglutinin (WGA) stains. The specific methods of cell staining are as
follows. Firstly, blue fluorescent Hoechst 33342 was added to each well
at a concentration of 5 μg/mL and incubated for 15min, which pene-
trated the cell membrane of living and dead cells. Next, dead cells were
labelled with 20 μg/mL PI for at least 10min at room temperature. PI
stain cannot penetrate intact cell membranes, so only necrotic cells with
a loss of cell membrane integrity produced red fluorescence. Finally,
5 μg/mL WGA was dropped in each well, which produced green
fluorescence in healthy cells. The treated cells were observed by optical
microscopy (Nikon ECLIPSE Ti inverted microscope).

2.4. In vivo safety estimation

2.4.1. Surgical procedure
All animal studies were approved by the Institutional Animal Care

and Ethics Committee of Tianjin Medical University General Hospital
and carried out in this hospital (Permission number: SYXK:2016–0012).
The sterilized clips were used in 15 healthy 8 weeks old SD rats
(Sprague-Dawley) with average weight of 300 ± 5g to investigate the
ability to clinically occlude blood vessels. All rats were randomly se-
parated into five groups according to implantation time of 0.5, 1, 1.5, 2
and 3 months. General anesthetic was performed using an in-
tramuscular injection of 10% chloral hydrate (0.3 mL/100 g) for SD
rats. The rat's neck was disinfected with iodine. Afterwards, the rat was
placed in a supine position and the neck was covered with a sterile
drape to provide sterile conditions during operation. A 6 cm incision
was made into the skin and neck tissue to expose the left common
carotid. The blood vessel was ligated twice by the clips using the

specific hemostatic clip applier and then cut in-middle. After the pro-
cedure, the carotid artery was observed for 10min to confirm complete
hemostasis and no blood leakage. The jugular incision was washed by
0.9% NaCl solution and closed by medical suture.

2.4.2. X-ray scanning
Ventro-dorsal digital radiographs of rats' neck were taken to record

the closure and degradation of implanted hemostatic clips. The X-ray
machine (Digital Diagnost, Philips, Amsterdam, Netherlands) was op-
erated under the following conditions: 52 kV, 3.2mAs and 10.9 ms. X-
rays were performed at 0.5, 1, 1.5, 2 and 3 months after surgery to
assess the blood vessel healing and the degradation of clips. The rat was
anesthetized with 10% chloral hydrate (0.3 mL/100 g) intramuscularly
before each X-ray scanning.

2.4.3. Blood biochemistry
Blood samples were gathered prior to operation and at 0.5, 1, 1.5, 2

and 3 months after surgery. Blood biochemical tests were performed to
evaluate white blood cell count and concentrations of alanine amino-
transferase (ALT), aspartate transaminase (AST), creatinine (CRE), urea
and Mg ion.

2.4.4. Autopsy and histologic analysis
After implantation for 0.5, 1, 1.5, 2 and 3 months, the SD rats were

sacrificed by a painless procedure and immediately autopsied to de-
termine the healing effect of the severed blood vessel and adhesion
condition around the clips. The clips and surrounding tissues were ex-
planted. After various implantation periods, the surface morphology
and chemical composition of explanted clips were characterized by
scanning electron microscopy (SEM, Tescan Vega 3) with an energy
dispersion spectrometer (EDS, Oxford Instruments Inca 350).
Degradation products were washed off by CrO3 solution (200 g/L) and
the weight loss (mg) of the clips were measured and recorded. The
tissue around the hemostatic clip was separated and fixed in a 10%
formalin solution, embedded in solid paraffin, and then cut into 3 μm
thick slices. After Hematoxylin–Eosin (HE) and Sirius Red (SR) staining,
routine pathological examinations were performed to assess the degree
of inflammation.

2.5. Statistical analysis

All data is expressed as a mean value ± standard deviation
(showed with error bars in figures). A statistically significant difference
between groups was considered to p < 0.05.

3. Results and discussion

3.1. Cytotoxicity test

Cells culture is a very useful in vitro method to detect the interac-
tion between cells and biological materials. To investigate the effect of
the corrosion products of biodegradable Mg–3Zn-0.2Ca alloy on cell
growth, the viability of L929 cells exposed to different concentrations of
Mg–3Zn-0.2Ca alloy immersion extracts and exposure durations were
examined (Fig. 2a). Cultured L929 cells showed greater viability with
Mg–3Zn-0.2Ca alloy extracts compared with the negative control group
and no statistically significant difference (P < 0.05) of cell viability
was detected between immersed extract dilutions. Viab.% values in-
creased firstly and then decreased with increasing extract concentra-
tions. The highest cell viability was measured in 12.5% extract cultures.
Cell viability above 100% was observed when L929 cells were cultured
in lower concentrations of extracts (6.25%,12.5%,25%) for 1 day,
which may be due to the promotion effect of magnesium hydroxide in
the corrosion products. When both the concentration of the cultivation
fluid increased (100%) and the culture time increased (> 3 days), the
cell viability was reduced due to the high concentration of extracts

Fig. 4. Clip occluded carotid blood vessels of rats showing no blood leakage
post-surgery.
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leading to osmotic shock of the cells temporarily. After culturing for 5
days in 100% extracts, the viability value of the cells reached a
minimum value of 85%. The cytotoxicity of these extracts was still at
grade 0 to I (ISO 10993–5), which suggests the L929 cells were well
tolerated in various concentrations of Mg–Zn–Ca extracts. Fig. 2b and c
shows the typical morphologies of L929 cells cultured for 5 days in
RPMI-1640 medium +10% FBS and 12.5% extracts, receptively. All
cells exhibited normal circular and spindle morphology, which in-
dicates the cells were healthy and could be sub-cultured normally.

To study the direct growth of L929 cells that attached on bare
Mg–3Zn-0.2Ca alloys, 500 μL cells suspensions (5×105 cell/mL) were
seeded on Mg–3Zn-0.2Ca substrates and plastic tissue culture sample.

The cells were stained by three steps according to the method described
in section 2.2.2 after one and five days of incubation and observed with
optical microscopy (Fig. 3). L929 cells cultured on both substrates were
abundant and evenly dispersed (Fig. 3. (a1,a2,b1,b2,c1,c2,d1,d2)), few
apoptotic cells were observed on each sample (Fig. 3. (a3,b3,c3,d3)).
The morphologies of the L929 cells stained by the three staining re-
agents were shown in Fig. 3.(a4,b4,c4,d4). After 1 day in culture, the
elongated and expanded morphology of adherent cells on the
Mg–Zn–Ca alloys confirmed cellular compatibility with the alloy. No
obvious differences in cell morphology were observed between these
two groups, so the corrosion of Mg alloys did not inhibit cell adhesion.
The cell density was similar among the Mg–3Zn-0.2Ca alloys despite

Fig. 5. Blood biochemical values in mouse serum: (a) white blood cell count, (b) alanine aminotransferase (ALT), (c) aspartate transaminase (AST), (d) creatinine
(CREA), (e) urea and (f) Mg ion, *: p < 0.05.
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different cell culture time, indicating the cells were not significantly
affected by prolonged direct exposure times to the corrosion environ-
ment. Thus, the surface of Mg–3Zn-0.2Ca alloy allowed cells to attach
and maintain for a longer period of time. However, more dead cells
were found on the surface of the experiment alloys when compared to
the negative control group. This result may be related to the higher
corrosion rate and the accumulation of corrosion products from Mg
alloys. This result was consistent with the 5-day MTT assessments at
25% and 50% extract concentrations where cell viability was lower
than the negative control. The direct cell adhesion experiments in-
dicated that Mg–3Zn-0.2Ca alloy possesses similar cytocompatibility to
tissue culture plastic sample. Therefore, these results showed the cells
could be attached, spread and proliferated on the Mg–3Zn-0.2Ca alloy
effectively and healthily.

3.2. In vivo safety evaluation

3.2.1. Evaluation for occlusion of blood vessel
Surgeries of the left common carotid artery closure were performed

as described in section 2.3.1. One set of clips was used on the blood
vessel near the heart as shown in Fig. 4. There was no blood leakage
after surgery and the total time from incision to closing the incision was
no more than 30min. All SD rats survived the operation and recovered
with no obvious complications during the predefined observation
period, indicating the Mg–3Zn-0.2Ca clip possessed sufficient occlusion
property. Our previous studies showed that the yield tensile strength
(0.2%YS), ultimate tensile strength and elongation of extruded
Mg–3Zn-0.2Ca alloys were 205MPa, 336MPa and 17.85%, respec-
tively, which ensure the complete closure of the clips during surgery
[17,18].

3.2.2. Evaluation for blood biochemistry parameters
Fig. 5 shows the Mg ion concentration and five blood biochemical

parameters in rat serum samples collected at different times after clip
implantation. The serum levels of ALT, AST (p < 0.05) and CREA
slightly increased after operation, but there were almost no differences
in these indicators when compared with the control group after longer

implantation times. In the clinic, AST and ALT are used as criteria for
the detection of liver function in organisms. In addition, CREA is an
indicator for renal function. The ratios of AST and ALT (p < 0.05) in
post-surgical blood samples were all less than 1, indicating that the
implantation of clips had limited effects on the liver function of the rats.
CREA levels were in the range of normal values (44–80 μmol/L) after 3-
months implantation, therefore the effect on renal function was also
limited. Since human beings are much larger than rats, we can infer that
the implantation of these clips will have little impact on human health.

3.2.3. Histological analysis
Hematoxylin-eosin stained tissues around the clips after implanta-

tion for 0.5, 1, 1.5, 2 and 3 months are shown in Fig. 6. After im-
plantation for 0.5 months, no obvious signs of adverse inflammatory
reactions were found in the tissues surrounding the clips (Fig. 6a). The
staining slice after implantation for one month (Fig. 6b) shows the
number of macrophages and lymphocytes increased and mild fibrosis
can be seen in the tissue, which suggests some inflammation occurred
during this period. After one month, less fibrotic and inflammation was
observed in the connective tissue microscopically suggesting the rat's
immune system had a lower rejection rate of the clips after the longer
implantation period.

3.2.4. Degradation behavior of Mg–Zn–Ca alloy clips
Fig. 7 shows X-ray images of implanted clips after 0.5, 1, 1.5, 2 and

3 months, and yellow circle marks the location of the clip in each rat. It
was found that these is no obvious metallic artifacts, indicating the
implanted Mg clips had no effect on the CT imaging. At 0.5 months after
operation, the clip can be clearly identified and some black area sur-
rounding clips is observed, which indicates H2 gas generation in the
initial period of degradation.

Magnesium and its alloys degrade in aqueous environments, gen-
erating magnesium (Mg2+) and hydroxide (OH−) ions, as well as hy-
drogen (H2) gas. Hydrogen has certain solubility and diffusion coeffi-
cient in blood and muscle, so it can be absorbed by surrounding tissues
by dissolution and diffusion. Comparatively, no dark area was found
around the clips after implantation for more than 0.5 months,

Fig. 6. Histological analysis of tissue around clips following implantation for (a) 0.5, (b) 1, (c) 1.5, (d) 2 and (e) 3 months.
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indicating the degradation rate of the clip decreased as the implant time
increases. One possible explanation for these results is that a fiber
package may form between the surrounding tissue and the clip, which
reduces the contact between the clip and the tissue fluid, thereby
slowing down the degradation of the clip and reducing H2 production.
Throughout the two-month implantation period, the outline of the clips
maintain basically, which could provide enough strength support to
fully close blood vessels. After 3 months, some pieces of broken clip
were observed on the side near the heart and the other clip was clearly
identified. We also found the degradation rate of the clip near the heart
faster than that of clip far away from the heart. That is because the clip
connected to the heart and carotid, so the clip will continue to be af-
fected by arterial blood, i.e. pulsating stress. It was reported that cor-
rosions of Mg and its alloys are sensitive to stress and stress can ac-
celerate Mg corrosion and cause stress corrosion cracking (SCC)
[22–24]. In this study, pulsating stress accelerate Mg clip corrosion
degradation, which is need consideration for the design and clinical
application of Mg-based clip. On the contrary, the clip far away from

the heart will no longer pump blood and will not be influenced by blood
pressure. Thus, the degradation rate is relative slower.

Fig. 8a and d presents SEM images of two clips after implantation
for two months. No significant changes in the size and shape of the Mg
clips throughout the two-month implantation period were observed. It
also can be seen that there is no significant corrosion occurred at the
top corner part of the clamped magnesium alloy clips, indicating that
clips degraded homogeneously, resulting this new designed Mg–3Zn-
0.2Ca alloy clip can successfully withstand the blood pressure after
occlusion. Fig. 8b and e shows enlarged surface morphologies of the
clips after implantation for two months. Some corrosion degradation
products are deposited in a honeycomb-like etched pit instead of being
peeled off immediately, thereby inhibiting further corrosion of the
clips, which in accord with the tendency of H2 gas generation from the
X-ray images results. EDS results (Fig. 8c) show corrosion products were
abundant in O, Ca, P, Zn and Mg, which benefited the healing of blood
vessels. Fig. 8f presents the weight loss of Mg–Zn–Ca clips as a function
of implanted periods. During the initial 2 months of implantation, all

Fig. 7. X-ray images of clips implant after (a) 0.5, (b) 1, (c) 1.5, (d) 2 and (e) 3 months. Yellow circles mark the location of the clip in each rat.
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clips showed similar degradation rates. There is a significant increase in
the rate of degradation during the implantation period from 2 months
to 3 months, which suggests the occurrence of pitting corrosion.

4. Conclusion

In this study, newly designed Mg–Zn–Ca alloy hemostatic clips were
developed to overcome the drawbacks of the non-degradable Ti clips.
These Mg–Zn–Ca clips can successfully ligated carotid artery and no
blood leakage occurred after surgery. During the degradation of these
clips, no tissue inflammation around the clips and a small amount of H2

gas formation were observed. Due to the effect of arterial blood, the
degradation rate of the clip implanted near the heart faster than that of
clip implanted far away from the heart. Histological analysis and var-
ious blood biochemical parameters at different times after clip im-
plantation also confirmed no tissue inflammation around the clips.
Therefore, the newly designed Mg–3Zn-0.2Ca clips are expected as a
good candidate for biodegradable hemostasis clip.
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