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of Plastic and Cosmetic Surgery, Tongji Hospital, Tongji University School of Medicine, Shanghai, China

ABSTRACT
Introduction:  The injectable skin fillers available for soft tissue augmentation are constantly growing, 
providing esthetic surgeons with more options in the treatment of scars, lines, and wrinkles. Hyaluronic 
acid (HA)-derived injectable fillers are ideal to reduce the appearance of nasolabial folding. This study 
investigated the efficacy and safety of the commercially available HA filler from Maxigen Biotech Inc. 
(MBI-FD) in the treatment of nasolabial folds (NLFs).
Methods:  We analyzed 1,4-butanediol diglycidyl ether (BDDE) residues and injection force test and 
observed the protein content in MBI-FD, and then was cultured in fibroblast L929 cells and examined 
for cytotoxicity. Finally, 95 healthy participants underwent dermal filler injection therapy to evaluate 
the efficacy and safety for 24 and 52 weeks, respectively.
Results:  BDDE residues in MBI-FD was <0.125 µg/mL. MBI-FD was fitted using 27- and 30-G injection 
needles with an average pushing force of 14.30 ± 2.07 and 36.43 ± 3.11 N, respectively. Sodium 
hyaluronate protein in MBI-FD was 7.19 µg/g. The cell viabilities of 1× and 0.5× MBI-FD were 83.25% ± 
3.58% and 82.23% ± 1.85%, respectively, indicating MBI-FD had no cytotoxicity, and decreased NLF 
wrinkles with no serious adverse events.
Conclusion:  MBI-FD is an effective filler for tissue augmentation of the NLFs and may be a suitable 
candidate as an injectable dermal filler for tissue augmentation in humans in the future.

Introduction

In recent years, due to the improvement in the quality of life, indi-
viduals gradually have begun to pay attention to their maintenance, 
particularly facial wrinkles. Therefore, several wrinkle removal meth-
ods are available on the market; however, subcutaneous injection to 
treat wrinkles on the face is the most direct treatment method (1). 
Filler materials are often used with autografts, allografts, synthetic 
materials, and biosynthetic fillers, and some have been approved by 
the U.S. Food and Drug Administration (2). However, the currently 
used filling materials have considerable shortcomings. The skin 
structure can be divided into three layers, including the epidermis, 
dermis, and subcutaneous fat layers, in order from the outside to 
the inside (3). The main function of the epidermis is defense; the 
dermis is mostly composed of connective tissue, including collagen, 
elastic tissue, and ground substance, of which collagen is the main 
component (4). Of the connective tissue collagens in the human 
body, the proportion of type I collagen is 80% in young individuals. 
Furthermore, the dermis is rich in glycosaminoglycans, which are 
mainly composed of hyaluronic acid (HA), whose main function is to 
retain moisture (5).

HA is a linear polysaccharide composed of repeating disaccha-
ride units of N-acetyl-D-glucosamine and D-glucuronic acid (6). HA 

is a versatile glycosaminoglycan that is present in all biological flu-
ids and tissues and is involved in several biochemical processes, 
including cell signaling, wound repair, and regeneration (7). The 
skin on the face gradually ages, showing fine lines and wrinkles (8). 
In recent years, HA fillers can locally improve skin aging (9). 
Therefore, subcutaneous injection of HA has rapidly developed in 
the medical beauty market (10). The biocompatibility, biodegrad-
ability, and high water absorption of HA make it the main material 
for dermal fillers (11). However, uncross-linked HA is easily decom-
posed by enzymes in the physiological environment and subse-
quently metabolized by the human body, which reduces its 
tolerance in the skin tissue, thereby limiting the application of HA 
as a dermal filler (12). The cross-linked HA can effectively stimulate 
collagen proliferation; moreover, they pointed out calcium 
phosphate-modified cross-linked HA particles can be used as 
long-acting hypodermic fillers (13). Studies have indicated there are 
several factors affecting HA fillers, including concentration, percent-
age of crosslinking, type of crosslinking, and injection technique 
(14). To improve efficiency, several manufacturers use a variety of 
agents and techniques for crosslinking HA. Formaderm from 
Maxigen Biotech, Inc. (MBI-FD) is an HA filler that can be injected 
into the dermis of the facial skin for wrinkle correction and lip aug-
mentation (15). MBI-FD uses the ECHA™ balanced crosslinking 
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technology to flatten the entangled HA molecular chain, add a 
small amount of 1,4-butanediol diglycidyl ether (BDDE) crosslinking 
agent, evenly distribute around HA, and evenly distribute HA parti-
cle size, with special temperature control for a long time. It is made 
to achieve two-phase crosslinking of HA. Impurities are removed 
through purification, so that the residue of crosslinking agent is 
close to zero, ensuring extremely high product safety. First, using 
MBI-FD, we conducted a three-stage study to analyze BDDE resi-
dues and injection force test and subsequently observed the pro-
tein content. Second, MBI-FD was cultured in L929 cells and 
examined for cytotoxicity. Third, subjects were recruited to evaluate 
the efficacy and safety of MBI-FD for 24 and 52 weeks, respectively.

Methods

Formaderm dermal filler injection (MBI-FD)

First, the HA solution was prepared by dissolving sodium hyaluro-
nate (bacterial fermentation, purity of >95%, and the average 
molecular weight is approximately 1500 kDa) in 0.1-N NaOH. 
Subsequently, the HA solution was cross-linked with BDDE to pre-
pare the cross-linked HA (cHA). After cross-linking, the cHA was 
mixed with uncross-linked sodium hyaluronate solution with a vol-
ume ratio of 80:20 to prepare the product formulation with 2% 
sodium hyaluronate content. The product formulation was then 
filled into a syringe by using the aseptic filling process by ISO 
13408. Finally, the pre-filled syringe was sterilized by using moist 
heat by ISO 17665.

BDDE residues

BDDE residues can be tested by detecting the fluorescence intensity 
of the substance produced by BDDE and nicotinamide, which have 
strong fluorescent and excitation, and emission wavelengths located 
at 370 and 430 nm, respectively. Then, 200 μL of 16.0, 8.0, 4.0, 2.0, 
1.0, 0.5, 0.25, 0.125, and 0.0625 µg/mL BDDE solution and 200 μL of 
125 mmol/L nicotinamide solution were respectively mixed in tubes 
and incubated for 2 h at 37 °C. Five milliliters of formic acid were 
added, heated for 5 min in a 60 °C water bath, and subsequently 
chilled on ice for 5 min. The solution was left at room temperature 
for 10–15 min. The fluorescence values were determined using a 
multifunctional microplate reader SpectraMax M5 (Thermo Fisher 
Science, CA, USA) with excitation and emission wavelengths located 
at 370 nm. BDDE concentration and fluorescence were used as the 
abscissa and ordinate to make the standard curve.

Pushing force determination

The physical and mechanical aspects of the relevant powers and 
forces were assessed, and two combinations of HA fillers and needles 
were selected. The machine was programmed to push and displace 
the syringe plunger at a constant speed. The injection force was 
determined by analyzing the results corresponding to the speed 
(30 mm/min). Plunger displacement and injection force measure-
ments were recorded at 0.1-s intervals using a data acquisition system.

Protein content determination

Two grams of cross-linked sodium hyaluronate gel were weighed 
and put in a 20-ml headspace bottle to avoid contacting the bottle 

wall and affecting acidolysis. Next, 3-ml 0.5 mol/l sulfuric acid solu-
tion was added without shaking, and the bottle cap was pressed 
tightly and placed in a constant temperature drying oven at 
(95 ± 5)°C for 45 min to completely dissolve it. After cooling at room 
temperature, the solution was transferred in the headspace vial to a 
10-ml quantitative bottle, the headspace vial was rinsed three times 
using 3 ml of 1 mol/l sodium hydroxide solution, the rinse solution 
was transferred to a volumetric flask, and finally fixed with water. 
From the 10-ml solution, 1 ml was aspirated and placed in a test 
tube. The repeat test number for the protein content of the product 
was n = 3. The standard protein solution was prepared by using 
bovine serum albumin with 2, 4, 6, and 10 µg/mL, and the water for 
injection was used as the blank control. After serial dilution, 5.0 ml 
of Coomassie brilliant blue G-250 was added to the test tube and 
mixed well. After 5 min at room temperature, the absorbance was 
measured at a wavelength of 595 nm. The regression equation was 
calculated with the concentration of bovine albumin on the corre-
sponding absorbance, and the protein content of the test solution 
was calculated from the regression equation.

MTT assay for cell viability

L929 cells (1 × 104 cells/well) were seeded into 96-well plates in the 
minimum essential medium at 37 °C with 5% CO2 and maintained in 
culture for 24 h. They were subsequently exposed to the test sample 
over a range of concentrations, including 0.5 − 1× of polar vehicle 
extract (L929 culture medium without 10% serum) and 0.5 − 1× of 
additional vehicle extract (L929 culture medium). Negative control 
(culture medium) and positive control (5% DMSO). Next, the cell via-
bility was assessed using a tetrazolium bromide reduction (MTT) 
assay for mitochondrial activities in all of the test and control 
groups. After 24 h treatment, 10 µL of the 5-mg/mL MTT solution 
was added to each well. After 4 h of incubation at 37 °C, the for-
mazan precipitates were solubilized by the addition of 100 µL of an 
acid solution of SDS (10% SDS in 0.01-M HCl), and the plate was 
incubated overnight at 37 °C. Absorbance at 570 nm was determined 
using a spectrophotometric microplate reader (SpectraMAX Plus, 
Molecular Devices) and observed using a microscope.

Clinical trial

A randomized, double-blind (assessor and participant), with a con-
trol group (self and control for the same period), non-inferior, and 
single-center trial of MBI-FD was performed in Tri-Service General 
Hospital (IRB Number: 2-102-05-113), and the study was registered 
on ClinicalTrials.gov Identifier: NCT05822778. Q-Med “Restylane®” 
was used as the control to evaluate the efficacy and safety of the 
trial product. MBI-FD was injected into 95 participants aged 
30–65 years old whose nasolabial fold (NLF) wrinkle baseline was 
3–4 points and was symmetrical. The following were the major 
inclusion criteria: participants aged 30–65 years old of both sexes; 
those with a wrinkle severity rating scale (WSRS) baseline measure-
ment of 3–4 points, and the left and right sides were symmetrical; 
and those with healthy facial skin, without any disease that possi-
bly interfered with skin aging status assessment. The following 
were the major exclusion criteria: female participants who were 
pregnant, breastfeeding, and planning to become pregnant during 
the trial period; those who have severe skin disease, inflammation, 
or related symptoms, such as infections, psoriasis, and herpes; 
those who underwent laser treatment or dermabrasion and facial 
wrinkle augmentation surgery, such as Botox injections, within the 
past 12 months; those who underwent chemical peels treatment 
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within the last 3 months; and those with a medical history of cos-
metic filling agent allergy or any type of HA implants. Following 
recruitment and providing informed consent, the participant’s con-
trol and experimental group’s injection site was determined through 
randomized coding. The rating physician and the physician admin-
istering injections had to be different individuals. The injection vol-
ume was limited to 2 ml per injection site. Two weeks after injection, 
the participants had to enter the postoperative log to record their 
postoperative condition. They were re-visited on weeks 2, 4, 12, 24, 
36, and 52 for the injection, and the rating physician performed 
the assessment and recorded the results in the case report. The 
safety tracking period was 52 weeks, and the validity was 24 weeks. 
The primary efficacy assessment indicator was the effective rate of 
trial treatment, which is the relative baseline (V0) WSRS improve-
ment ratio at week 24 (V5); the secondary efficacy assessment indi-
cators were the participant’s WSRS improvement score and Global 
Esthetic Improvement Scale class. Conversely, safety assessment 
was the observation of adverse reactions/events.

Statistical analysis

Data were expressed as means ± SEM. Statistical significance among 
multiple groups was assessed using one-way ANOVA. p values 
<0.05 were considered statistically significant.

Results

MBI-FD had very low BDDE residues

According to safety data sheets provided for BDDE as a raw 
material, exposure to BDDE may induce irritation and allergic 
reactions at greater concentrations than the safety threshold of 
2 ppm. BDDE residues in MBI-FD were <0.125 µg/mL (0.125 ppm) 
(Table 1). The results indicated that MBI-FD uses the crosslink-
ing agent BDDE with a low residual content, which can effec-
tively reduce the risk of adverse reactions in patients 
postoperatively.

MBI-FD had stable injection force and reduced protein content

By applying force to the push rod of the product syringe, the 
operation of the product in clinical use was simulated at a 
speed of 30 mm/min. The results showed that MBI-FD was fit-
ted with a 27-G injection needle, with an average pushing 
force of 14.30 ± 2.07 N. When the 30-G injection needle was 
placed, the average pushing force was 36.43 ± 3.11 N, which 
had a stable injection force (Figure 1). During the extrusion 
process of the sample, the feedback stress was stable, indicat-
ing the HA gel in the product was uniformly dispersed without 
aggregation and concentration. Moreover, the average protein 
content in MBI-FD was 7.19 ± 0.34 µg/g, which complies with 
the requirement of YYT 0962-2021 that the protein content of 
cross-linked sodium hyaluronate gel for plastic surgery should 
be <20 µg/g (Table 1). Therefore, the low protein content of 
MBI-FD can effectively reduce the risk of adverse reactions in 
patients postoperatively.

Table 1. T he residues of BDDE and protein in MBI-FD.

Average Standard deviation

BDDE residues (ppm) 0.11 0.01
Content of protein in sodium 

hyaluronate gel (µg/g)
7.19 0.34

Figure 1. T he injection forces achieved using MBI-FD. (A) MBI-FD exhibits an injection force of 14.30 ± 2.07 N corresponding to the 27-G needle. (B) MBI-FD exhibits 
an injection force of 36.43 ± 3.11 N corresponding to the 30-G needle.



4 X.-Z. LI ET AL.

MBI-FD had no cytotoxicity in vitro

Subsequently, the cytotoxicity of MBI-FD was examined. We used 
MBI-FD to culture with L929 cells for 24 h and then examined the 
viability using MTT. The negative control group (without the test 
sample) was 100% ± 2.94%, the positive control (5% DMSO) was 
30.67% ± 1.84%, and 1× and 0.5× MBI-FD (without serum) were 
83.25% ± 3.58% and 82.23% ± 1.85%, respectively. Additionally, 1× 
and 0.5 × MBI-FD (with serum) were 100.36% ± 2.71% and 105.74% 
± 2.19%, respectively (Table 2). Cell images are shown in Figure 2. 
According to ISO 10993-5:2009 “Biological evaluation of medical 
devices–Test for in vitro cytotoxicity,” the cell viability was >70%, 
indicating MBI-FD had no cytotoxicity to L929 cells.

MBI-FD decreased wrinkles and had no serious adverse events

Next, we evaluated the efficacy and safety of MBI-FD on the face. 
A total of 95 participants (aged 30–65 years old) were recruited to 
examine the efficacy (24 weeks) and safety (52 weeks) of the 
MBI-FD therapy. The primary outcome of this trial was the rate of 
improvement in the WSRS at week 24 after injection by profes-
sional physicians. The treatment effective rate of the MBI-FD group 
was 71%, whereas that of the control group was 72% in the full 

analysis set. Furthermore, the treatment-effective rate of the 
MBI-FD group was 68%, while the treatment-effective rate of the 
control group was 70% per protocol set (PPS) analysis (Table 3). 
Therefore, the efficacy of MBI-FD was equivalent to that of the 
control product. Regarding safety assessment, the evaluation of 
adverse events, includes erythema, lumps, scabs, pain, pigmenta-
tion, and facial swelling. Among the 92 participants at 24 weeks 
after injection, 1 (1%), 3 (3%), and 1 (1%) developed erythema, 
lumps, and scabs in the MBI-FD group, respectively, whereas only 
1 (1%) developed erythema in the control group. No adverse 
events were noted in the 90 and 93 participants at weeks 36 and 
52 post-injection, respectively (Table 4).

Discussion

In recent years, with the continuous emergence of new materials, 
drugs, and technologies, injection cosmetic procedures and injec-
tion filling technology have rapidly developed, and clinical appli-
cations have become increasingly extensive. An ideal filling 
material for injection should have the following conditions: good 
histocompatibility; non-sensitizing, non-carcinogenic, and 
non-teratogenic; has a certain binding ability with human tissues; 
not causes inflammation and foreign body reactions; and not 
causes immune- and tissue-related diseases (16). After the filling 
material is placed in the human body, it is easy to form, shape, 
and fix, and it is not easily absorbed. Moreover, the effect is last-
ing, and it is easy to disinfect and store (17). Currently, commonly 
used filler materials include collagen, HA, botulinum toxin, hydroxy-
apatite, autologous fibroblasts, and autologous fat (18). Among 
them, HA is widely used and can be used as filler in medical cos-
metology. Additionally, it exists in the connective tissue and skin 
of the human body (5). In this study, we found that MBI-FD was 

Table 2. T he cytotoxicity of MBI-FD by MTT assay.

Group/Treatments Viability (%) Standard deviation

Negative control 100.00 2.94
Positive control 30.67 1.84
1 × MBI-FD (without serum) 83.25 3.58
0.5 × MBI-FD (without serum) 82.23 1.85
1 × MBI-FD (with serum) 100.36 2.71
0.5 × MBI-FD (with serum) 105.74 2.19

Figure 2. C ell toxicity of MBI-FD. Morphologic evaluation of L929 cells exposed to different MBI-FD by MTT and observed using a microscope. Magnification 100×.
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safe and effective. Regarding safety, MBI-FD had very low residues 
of BDDE, protein content, and no cytotoxicity. Regarding efficacy, 
it had stable thrust, biocompatibility, and reduced NLF wrinkle.

Natural HA has a loose structure, is easily decomposed by 
metabolism, is not easy to shape, and cannot be directly used for 
filling (12). It requires to be artificially modified by a crosslinking 
agent so that natural HA molecules can produce more effective 
connections, which can resist the effects of biological enzymes 
and physical external forces (7). Therefore, it is not easily metab-
olized and decomposed, which enables it to be maintained for a 
longer time. BDDE is metabolized by cytochrome P450 enzymes 
in the human body, and the main metabolic intermediates are 
glycerol and butanediol, most of which are excreted in urine or 
further degraded into water and carbon dioxide (19). The unre-
acted BDDE content in FDA-approved HA fillers must be <2 ppm 
(19,20). For example, the sterile pyrogen-free physiological solu-
tion of cross-linked HA that is not of animal origin, with a BDDE 
content of <2 ppm (14). Additionally, another brand of hyaluronic 
acid has a BDDE content of 0.249 ppm (21). In this study, MBI-FD 
had very low BDDE residues of <0.125 ppm.

The application of HA injection in cosmetic medicine is mainly 
for the treatment of static lines and facial modification and sculp-
ture (22). Subcutaneous injection is a commonly used method. 
Therefore, the stability of the injection will be affected by the 
smoothness of its thrust. According to the Hagen–Poiseuille law, 
under a constant flow rate and fluid viscosity, the loss of pressure 
through the needle is inversely proportional to the square of the 
radius (inner diameter) of the needle and directly proportional to 
the length of the needle (23). A previous study reported that 25-, 
27-, and 30-G injection needles had an average pushing force of 
9.5, 13.9, and 33.2 N, respectively (24). Consistent with our results, 
MBI-FD using 27- and 30-G injection needles had an average 
pushing force of 14.3 and 36.4 N, respectively. The MBI-FD exhib-
ited a constant elastic modulus. The viscosity of the filler did not 
induce any variations in the injection force with respect to the 
needle dimensions due to the manufacturer’s control of the filler 
properties of this series. According to the UNI EN ISO 10993 regu-
lation, the L929 cell line was chosen for cytotoxicity assay, cell pro-
liferation test, and cell morphology evaluation by H&E staining 

(25). The study showed none of the HA fillers analyzed had cyto-
toxic effects on L929 cells at 24, 48, and 72 h, with viability values 
of >70% (24,26). Consistent with our results, the cell viabilities of 
1× and 0.5 × MBI-FD were 83.25% ± 3.58% and 82.23% ± 1.85%, 
respectively.

The process of HA-based materials degradation and integra-
tion are key factors (27). Degradation studies in vitro should help 
to establish the proper time points for in vivo evaluation (28). 
During the material degradation process, chronic inflammation 
can also be observed. Shortly after implantation, the reaction due 
to the surgical procedure itself is difficult to distinguish from the 
reaction caused by the implant (29). Finally, a homeostatic state 
of the tissue is expected after complete absorption of the mate-
rial. Some HA fillers can take 12–18 months or 2–5 years to begin 
biodegrading without any cytotoxic response to the intact mate-
rial and its degradation products (27). Specific brands in the mar-
ket showed complete clinical biodegradation was observed within 
52 weeks of the last treatment (21). Consistent with our results, 
MBI-FD can take 1 year to begin biodegrading, and no abnormal 
signs were observed. In the clinical case of dermal fillers, 
FDA-approved brands are used. Some studies have shown that 
WSRS can improve by approximately 38–75% after 6 months of 
using dermal fillers. However, adverse events still occur (30). In 
this study, we used a specific brand in the market as the control 
group and found MBI-FD improved WSRS by approximately 68%–
75% and had no serious adverse events, suggesting MBI-FD is 
equal to or better than a specific brand in the market. Overall, 
MBI-FD showed excellent safety and efficacy.

Conclusion

Based on the results of the present study, MBI-FD had low residual 
and protein content, no cytotoxicity, and good biocompatibility. In 
clinical application, it showed better stability of the injection and 
effectively decreased NLF wrinkles. Notably, no adverse serious 
reactions occurred in the safety assessment. Therefore, MBI-FD 
may be a suitable candidate as an injectable dermal filler for tissue 
augmentation in humans in the future.

Table 3. I mprovement rate in the wrinkle severity rating scale.

Full analysis set (FAS) Per protocol set (PPS)

Item Index MBI-FD group Control group (Restylane) MBI-FD group Control group (Restylane)

Improvement rate (WSRS) at 
week 24

Valid number (%) 67 (71%) 68 (72%) 54 (69%) 55 (70%)
Invalid number (%) 28 (29%) 27 (28%) 25 (32%) 24 (31%)
Total number 95 95 79 79

Table 4. M BI-FD adverse Event evaluation.

Return period 
(number of 
individuals) Week 2 (n  =  95) Week 4 (n  =  93) Week 12 (n  =  93) Week 24 (n  =  92) Week 36 (n  =  90) Week 52 (n  =  93)

Group
MBI-FD 
group

Control group 
(RESTYLANE)

MBI-FD 
group

Control group 
(RESTYLANE)

MBI-FD 
group

Control group 
(RESTYLANE)

MBI-FD 
group

Control group 
(RESTYLANE)

MBI-FD 
group

Control group 
(RESTYLANE)

MBI-FD 
group

Control group 
(RESTYLANE)

Erythema 1 (1%) 4 (4%) 1 (1%) 4 (4%) 1 (1%) 2 (2%) 1 (1%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Lumps 1 (1%) 1 (1%) 2 (2%) 1 (1%) 6 (6%) 0 (0%) 3 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Scabs 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pain 0 (0%) 0 (0%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pigmentation 1 (1%) 1 (1%) 1 (1%) 1 (1%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Swelling 2 (2%) 6 (6%) 3 (3%) 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Total number 5 12 8 7 8 2 5 1 0 0 0 0
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