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Aim: The aim of this study was to evaluate the effect of a gel made with
amniotic fluid (AF) formulation on wound healing in diabetic foot ulcers.

Methods: This clinical trial was performed on 92 type 2 diabetic patients
referring to the Diabetes Clinic of Golestan Hospital of Ahvaz, southwest
of Iran in 2019-2020. Patients were randomly divided into three groups of
intervention and one placebo group. The wounds of the three intervention
groups were dressed with gauze impregnated with an AF formulation gel while
wounds of the control group were dressed with plain gauze without any topical
agent. Chi-square tests and generalized estimating equations (GEE) with a
significance level of 0.05 were used to analyze the data.

Results: At the end of the eighth week of intervention, there was a statistically
significant difference among the four groups in terms of wound grade, wound
color, condition of the tissues surrounding the wound, the overall condition of
the wound, and the duration of wound healing (P < 0.05).

Conclusions: Based on our experience with the patients in the present study,
we believe that AF represents a useful and safe option for the treatment of
chronic diabetic foot ulcers.

Clinical trial registration:
IRCT20201010048985N1.

https://en.irct.ir/trial/51551,  Identifier:
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Introduction

Diabetes is one of the health problems in the world today
and its prevalence in adults is currently 6.4% which is estimated
to reach 17.7% in 2030 (1). Common diabetes comorbidities
including peripheral neuropathy, ischemia, callus formation,
deformity, edema and peripheral arterial disease (PAD) are
among the well-established risk factors for diabetic foot ulcers
(2). Diabetic foot ulcers are the most common cause of
hospitalization of diabetic patients (1, 3). Diabetic foot ulcers
are more common in men than women, and type 2 diabetic foot
ulcers are more likely to develop than those caused by type 1
diabetes. According to the literature, the global prevalence of
diabetic foot ulcers is 6.6%. It has also been reported that the
prevalence of diabetic foot ulcers in Asia is 5.5% (4). In Iran, this
prevalence has been reported to be between 4-10%, and the rate
of lower limb amputation in diabetic patients is 15 times higher
than that in otherwise normal people (5).

In addition to long-term hospitalization, foot ulcers and
amputations increase treatment costs, reduce quality of life
and self-esteem increase patient dependence, and can even
lead to patient mortality (6). Therefore, prevention of foot
ulcers and amputations and identification of diagnostic methods
and timely and effective treatment can increase the quality
of life of these patients and reduce their treatment costs (7).
Common treatments for diabetic foot ulcers include proper
glycemic control, appropriate antibiotic therapy, debridement
of necrotic tissue, pressure-relieving strategies restoring pulsatile
blood flow, negative pressure wound therapy (8), high-pressure
oxygen (9), and wound closure with a vacuum generator (10).

Regenerative medicine, a commonly used phrase in the
field of chronic wound management, is the “process of
replacing or regenerating human cells, tissues, or organs to
restore or establish normal function” (11). Recent studies
show that amniotic fluid (AF) contains a considerable
quantity of multipotent mesenchymal, hematopoietic, neural,
epithelial, and endothelial stem cells (12). AF also contains
factors that are involved in wound healing. These include
prostaglandins, carbohydrates, peptides, lipids, lactate, amino
acids (e.g., glutamine and arginine), proteins (e.g., lactoferrin),
enzymes, minerals (e.g., iron and zinc) and hormones (e.g.,
growth hormone and prolactin). In human amniotic fluid,
transforming growth factor (TGF)-a, TGF-p1, platelet-derived
growth factor (PDGF) and fibroblast growth factor (FGF) seem
to stimulate the cutaneous fibroblast proliferation (13, 14).
Many of the substances that constitute the innate immune
system have been identified in AF and have been shown to
have significant antimicrobial properties, including a-defensins
(human neutrophil defensins 1-3), calprotectin, secretory
leukocyte protease inhibitor, psoriasin (S100A7), lactoferrin,
lysozyme, bactericidal/ permeability-increasing protein, and
cathelicidin (15). These potent antimicrobials have been
shown to have broad-spectrum activity against bacteria, fungi,
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protozoa, and viruses (14). In vitro study showed that AF
enhanced collagenase activity but inhibited activity of cathepsin,
elastase, and hyaluronic acid (16). Alamouti et al., found that
amniotic membrane extract heals diabetic foot ulcers (17). Also,
a study by Abdo, in 2016 showed that the use of dehydrated
amniotic membrane allograft is effective in healing diabetic foot
ulcers (18).

AF is a biological substance that is disposable after childbirth
and can be obtained for free after making arrangements with
the related healthcare facilities. However, to the best of our
knowledge, no study has yet examined the effect of using AF on
healing of diabetic foot ulcers. Therefore, the present study was
conducted to investigate the effect of AF on wound healing in
diabetic foot ulcers.

Materials and methods

Design

This triple blind clinical trial was conducted in 2019-2020.

Study population

The study population included all patients with grades
1 and 2 diabetic foot ulcers referred to Diabetes Clinic of
Golestan Hospital of Ahvaz and physician offices in Ahvaz, Iran.
Considering recovery ratios of 73.33% and 13.33% and assuming
a significance level of 0.05 a power of 90%, and an attrition rate
of 10%, the final sample size was 92. The patients were assigned
into four groups (A, B, C, D) using the randomized permuted
block design, which included three intervention groups and one
control group (23 patients in each group). The intervention
of this study took 8 weeks. The participants were eligible to
participate in the study if they: had grade 1 or 2 diabetic
foot ulcer according to Wagner system classification, were 18
years old and older, did not smoke or use drugs, did not
take medications such as corticosteroids or immunosuppressive
and toxic agents that may interfere with wound healing, lack
of concomitant diseases such as cancer, vasculitis, renal and
hepatic failure, did not have advanced heart failure that may
interfere with wound healing process, and were able to fill out
the informed consent form. Patients were excluded from the
study if they: had active wound infection requiring intravenous
antibiotics or gangrenous ulcer requiring amputation, evidence
of ischemic, venous, or traumatic lesions, malignancy in the
wound area or any malignancy in the patient. Patients who
either did not refer to the center for follow up, changed
the dressing more than two consecutive times, participated in
another research project, or had any sensitivity to AF were
also excluded.

For blinding in this study, the gel with AF formulation in
three percentages of 5, 10 and 15, and the placebo were produced
by a pharmacologist. The dosage was determined using labels A,
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B, C, D, of which only the pharmacologist was aware. The gel
with AF formulation was administered to the patients by the lead
researcher, and the wound healing evaluation was performed
by a physician who was blind to group assignment in the
diabetes clinic.

Instruments

Data collection tools in this study included a form including
the patients’ demographic and clinical characteristics, Wagner
wound classification system and a checklist for evaluating the
healing of diabetic foot ulcer. The demographic form included
age, gender, occupation, marital status, educational attainment,
comorbidities, type of diabetes treatment, ulcer location and
body mass index.

The Wagner system assesses ulcer depth and the presence
of osteomyelitis or gangrene using the following grades: grade
0 (pre-or post-ulcerative lesion), grade 1 (partial/full thickness
ulcer), grade 2 (probing to tendon or capsule), grade 3 (deep with
osteitis), grade 4 (partial foot gangrene), and grade 5 (whole foot
gangrene) (19).

Ulcer healing assessment scale evaluates on a weekly basis 4
ulcer parameters including color, surrounding tissues, drainage,
and degree, as well as overall ulcer status. Based on this scale, the
maximum score for each parameter is 100, and the overall ulcer
status scores range from 50 to 400. Based on this scale, higher
scores represent better healing (Table 1) (20).

At the end of the eighth week, the last score (score of week 8)
was compared to the first score (score of week 0) and status of the
ulcer was defined as full recovery, partial recovery, no recovery,
and deterioration.

Full recovery: In case that total scores of the ulcer were equal
to 400 according to the checklist.

Partial recovery: In case that total scores of the ulcer were
increased at least 30-fold compared to the initial score.

No recovery: In case the score did not change compared to
the initial score or its increase was below 30-fold.

Worsening: In case the score decreased 10-fold compared to
the initial score (20).

Intervention

In this study, access to AF was made possible after
arrangements were made with Ahvaz Neurogenic Laboratory. In
the neurogenic laboratory, pregnant women who were in their
14th to 20th weeks of pregnancy, after being diagnosed by a
gynecologist for amniocentesis, underwent sterile amniocentesis
under ultrasound guidance, and about 20-30ml fluids were
drawn in each amniocentesis. It should be noted that the AF
provided to the research team was obtained from pregnant
mothers whose viral test was negative for markers including
HIV, HBs Ag, and HCVab. The obtained fluid was taken to
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Jundishapur University Diabetes Center using a cold box, and
it was stored in the center’s refrigerator at 1 °C. The AF was
centrifuged at 1100 g for 8 min. The supernatant fluid was used
to prepare the gel formulation.

2-3-1 AF gel formulation.

I order to find the most effective dose of the drug according
to advice of the pharmacologist of the research team, the AF
gel was prepared using 5, 10, and 15 % w/w gel base. The gel
base consisted of 15% propylene glycol, 2% hydroxy propyl
methyl cellulose (HPMC), and distilled water which are non-
active ingredients of the formulation and have no inflammatory
or immunological reactions. Therefore, the 5, 10 and 15% gels
were prepared as w/w method. That is, the 5% AF gel consisted
of 5 g of AF and 95 g of gel base, the 10% AF gel consisted of
10 g of AF and 90 g of gel base, and the 15% AF gel consisted of
15 g of AF and 85 g of gel base. The placebo consisted only of gel
base. In sum, in the intervention groups, the gel contained AF
in 5, 10 and 15 percentages, while the gel (placebo) used in the
control group contained all the gel ingredients except AF.

To perform the intervention, the patients’ wounds were first
examined by a physician, and if necessary, wound debridement
was performed. Then, in each group, the wound and the
surrounding tissue were washed with 0.9% normal saline and
then dried with sterile gauze. As a routine procedure for
new topical drugs, to control the possible allergic effects of
preparation, a skin patch test was performed on each patient
as follows. We put some of the prepared formula on disk-like
plates called patches and stuck the patch on the inside of the
forearm or the arm. After a certain period of time, we removed
the patch. Any evidence of contact dermatitis (itching, swelling,
redness, induration, etc.) led to the patient’s exclusion from the
study population.

After washing the wound, the gel containing AF formulation
was placed on the wound so that the whole wound surface
was impregnated with the amniotic gel and then a sterile
dressing was applied. Patients or their companions were given
the amniotic gel and were taught how to use it and perform
the correct dressing. It was recommended that the dressing be
changed every 24 hours, and the patients were advised to refer to
the diabetes clinic once a week for evaluation of wound healing
(Figure 1 shows an example of wound healing).

Ethical consideration

This clinical trial was registered in the Iranian Registry of
Clinical Trials (Ref. ID: IRCT20201010048985N1) and approved
by the Ethics Committee of Ahvaz Jundishapur University
(Ref. ID: IR.AJUMS.REC.1399.516).
Participants were assured that they would be given any

of Medical Sciences

information they need in case of any ambiguities, that they
would not be charged for the treatment, and that their
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TABLE 1 Diabetic foot ulcer healing assessment scale.

Total score  Ulcer
parameters
100 Degree Stage 0 1 2
Score 100 90 90
100 Color Center Total healing
50
Surroundings Total healing
50
100 Surrounding Color Normal
tissues
25
Hotness Yes
0
Edema Yes
0
Sense No
0
100 Drainages Color Without drainages
40
Odor No
20
Amount Without drainages

40

80

10.3389/fpubh.2022.1025391

Distribution of scores

4 5 6 7 8 9 10 11 12 13 14 15
75 65 65 55 50 40 40 30 25 15 15 10
Red Yellow Necrotic Necrotic + Red

40 30 20 10
Red Yellow Necrotic Necrotic + Red

40 30 20 10
Red Pale Cyanotic -

20 15 10 -

No - - -

25 - - -

No - - -

25 - - -

Decreased Yes - -

15 25 - -

Serosal Bloody Yellow Green

30 30 20 10
Yes - - -

0 - - -

Low Moderate Much -

20 20 10 -

Total score (total healing) = 400 (more score= more healing)

information would be used only for research purposes and
would be kept confidential.

Data analysis

After collecting and scoring the data, data analysis was done
based on GEE analysis and chi-square test using SPSS version 22.
The significance level of the tests was set at P < 0.05.

Results

The final analysis was performed on data obtained from 83
patients, of whom 44 (53%) were female and 39 (47%) were male.
Most patients (51.2%) were in the age group of 40-49 years.
With regard to occupation, 48.2% were housewives, 24.1% were
office workers, 8.4% were self-employed, and 19.3% were retired.
Also 83.1% of the patients were married, 8.4% were widow, 7.2%
were single, and 1.3% were divorced. As far as education was
concerned, 26.5% of the patients were illiterate, 37.3% did not
have a high school diploma, 31.4% had a high school diploma,
and 4.8% had a university degree. In terms of the ethnicity of
the participants, the highest frequency (55.4%) of patients were
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Arabs while the lowest frequency 1.2% (n = 1) were related to
other ethnicities. With respect to body mass index, 51.3% of the
patients had a body mass index of 25-29. According to Table 2,
29.1% of the patients’ wounds in the 4 groups were on the toes
while wounds on the whole foot (1.2%) were the least frequent
ones. Also, most patients (51.8%) were diagnosed with grade 2
ulcers according to Wagner classification. Based on chi-square
test, there was no significant difference between the 4 groups in
terms of demographic information (P > 0.05) (Table 2).

According to the results of GEE analysis, the effect of time
was significant (P-value < 0.001), with the mean scores in
the placebo, Group 5% and Group 10% having an upward
trend. However, this trend first increased in the Group 15% and
had the highest mean in the fourth week but then decreased.
Also, between-group comparison showed that Group 5% was
significantly different from the control group (P-value < 0.001),
but the Groups 10 and 15% were not.

Table 3 shows the mean of wound color scores of patients
in the 4 groups over a period of 0-8 weeks. According to the
results of GEE analysis, the effect of time was significant (P-value
< 0.001), with the mean scores in the four groups having an
almost upward trend, but this trend in the control group and the
Group 5% was initially upward until it reached its peak at the
seventh week and then it became downward in Week 8. Also,
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Pre treatment

post treatment

FIGURE 1
Picture shows an example of wound healing. (A) Pre-treatment.
(B) Post-treatment.

between-group comparison shows that the treatment Group 5%
was significantly different from the control group (P-value =
0.004), but the Groups 10 and 15% were not.

Table 3 shows the mean scores of the tissue surrounding the
wound of patients in the 4 groups over a period of 0-8 weeks.
According to the results of GEE analysis, the effect of time was
significant (P-value < 0.001), with the mean scores in the three
intervention groups having an upward trend, but this trend was
initially upward in the control group until it reached its peak
at the seventh week and then it became downward in Week 8.
Also, between-group comparison revealed that Group 15% was
significantly different from the control group (P-value = 0.038).

Table 3 shows the mean scores of wound discharge of
patients in the 4 groups over a period of 0-8 weeks. According to
the results of GEE analysis, the effect of time was significant (P-
value < 0.001), with the mean scores in all four groups having an
upward trend. Also, between-group comparison demonstrated
that Group 5% was significantly different from the control group
(P-value = 0.048).

Table 3 shows the mean scores of the overall wound status of
patients in the 4 groups over a period of 0-8 weeks. According
to the results of GEE analysis, the effect of time was significant
(P-value < 0.001), and the mean scores in the four groups had
an upward trend. Also, between-group comparison showed that
Group 15% and Group 5% were significantly different from the
control group (P-value = 0.048, P-value = 0.024, respectively).

Discussion

The aim of this study was to investigate the effect of a gel
made with AF formulation on the healing of diabetic foot ulcers.
Based on the findings of the present study, the most frequent
wound site in the patients of the 4 groups was on the toes,
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while the least frequent one was on the whole foot. In studies
by Nasiri et al. (6), most of foot ulcers were reported to be on
the toes, which is consistent with the findings of the present
study. However, the results of Aziza et al. (21) show that foot
ulcers of 96% and 96% of their patients in the intervention and
control groups were on the plantar surface, respectively, which is
different from the results of the present study. Also in the present
study, most patients had grade 2 ulcers according to Wagner
classification.

One of the findings of the present study was to compare
the overall healing of diabetic foot ulcers in the three treatment
groups using AF gel at 5%, 10% and 15% doses (Group 5%,
Group 10%, and Group 15%) and the placebo group before and
after 8 weeks of intervention. The results showed that the AF
gel, at different concentrations, was somewhat effective in the
healing of diabetic foot ulcer, with gels at concentrations of 5%
and 15% having the greatest effect on the healing process of
diabetic foot ulcer compared to the 10% concentration.

On the other hand, the placebo which consisted of
pharmacologically inert constituents had no effect on healing
rate of wounds. In fact, like any other pharmaco-clinical study,
the placebo was used to determine the real effect of test groups
(AF groups). Such formula for chosen for the placebo so that
it will have a non-irritating effect on tissue and be a good
vehicle for AF in terms of compatibility and stability of AF
gel formulation. The results of this study clearly depicted that
the placebo had no real healing effect, and the wound healing
effect is mainly due to the healing properties of the AF gels.
Constituent of carrier gel including propylene glycol is being
used as an excipient for a long time as it has subject to a report
by European Medicine Agency entitled: Propylene glycol used as
an excipient (22, 23). Regarding the HPMC Many techniques are
available for studying the sol-gel transitions in HPMC hydrogels
(24, 25). In fact this ingredient help to form a gel in association
with propylene glycol. Both of them had no considerable effect
on wound healing.

In line with the present finding, Alamouti et al. evaluated the
safety of amniotic membrane extract in the healing of diabetic
foot ulcers. Their results showed that the rate of wound healing
during 4 weeks of treatment with amniotic membrane extract
in the group of wounds with a size of 500 mm?2 > was 98.9 +
2.40%, and in wounds with a size of 500 mm? <, it was 92.1 +
7.23%, which indicates the effect of amniotic membrane extract
on the healing of diabetic foot ulcers (17). Also, the effect of
human amniotic membrane on reducing the size of foot ulcers
in diabetic patients has been repeatedly reported in clinical trial
studies (17, 26, 27). In the study of Zelen et al., for example,
the mean duration for complete wound healing with Epifix was
23.6 days (27). Epifix is a proprietary product for wound healing,
containing dehydrated amnion and chorion membrane. It is
used in wound clinics and produced by MiMedix Co, USA.

With respect to diabetic foot ulcer discharge in the four
studied groups, the results indicate that amniotic fluid gel at
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TABLE 2 Frequency distribution and percentage of demographic information of the four groups of patients participating in the study.

Variable Classification Group 10%, Group Group 5%, Group 15%, P-value*
N (%) Placebo, N (%) N (%)
N (%)

Sex Female 12 (57.1) 12 (57.1) 9 (42.9) 11 (55) 0.756
Male 9 (42.9) 9 (42.9) 12 (57.1) 9 (45)

Age (year) 18-39 3(14.3) 1(4.7) 0(0) 1(5) 0.17
40-49 9 (42.9) 14 (66.8) 8 (38.2) 11(5)
50-59 5(23.8) 5(23.8) 11 (52.4) 8 (40)
60-69 2(9.5) 0(0) 1(4.7) 0(0)
70> 2(9.5) 1(4.7) 1(4.7) 0(0)

Occupation Housewife 8(38.1) 12 (57.1) 9 (42.9) 11 (55) 0.11
Employed 8(38.1) 3(14.3) 8(38.1) 1(5)
Retired 2(9.5) 4(19.1) 3(14.3) 7 (35)
Unemployed 3(14.3) 2(9.5) 1(4.7) 1(5)

Marital status Single 2(9.5) 2(9.5) 1(4.8) 1(5) 0.49
Married 18 (85.7) 17 (81) 16 (76.2) 18 (90)
Divorced 0(0) 0(0) 0(0) 1(5)
Widow 1(4.8) 2(9.5) 4(19) 0 (0)

Education Illiterate 4(19) 4(19) 9 (42.9) 5(25) 0.27
Primary school 6(28.6) 12 (57.2) 5(23.8) 8 (40)
High school 10 (47.6) 5(23.8) 5(23.8) 6 (30)
diploma
University 1(4.8) 2(9.5) 1(5)
degree

Body Mass Index 18-24 6(28.6) 10 (47.6) 10 (47.6) 9 (45) 0.86
25-29 13 (61.9) 10 (47.6) 9 (42.9) 10 (50)
30-35 2(9.5) 1(4.8) 2(9.5) 1(5)

Ulcer location Sole 5(23.8) 5(23.8) 7(33.3) 5(25) 0.63
Heel 3(14.3) 5(23.8) 7(33.3) 5(25)
Toe 7(33.3) 8 (38.2) 2(9.5) 8 (40)
Foot dorsum 6 (28.6) 3(14.2) 5(23.8) 2 (10)

Wound grade Grade 1 11 (52.4) 10 (47.6) 11(52.4) 8 (40) 0.77
Grade 2 10 (47.6) 11 (52.4) 10 (47.6) 12 (60)

"Chi-square test.

different concentrations was somewhat effective in the reduction
of diabetic foot ulcer discharge, but gel with 5% concentration
had the greatest effect in treating diabetic foot ulcer discharge
compared to 10% and 15% concentrations. Consistent with the
present finding, Hakim et al. (20) found a significant difference
between the two groups in terms of wound discharge in 4 weeks
of treatment. However, in Nasiri et al., no significant difference
was reported between the experimental and control groups in
terms of wound discharge after 4 weeks of intervention (6). One
of the reasons for the difference between our results and those of
Nasiri et al. is the different type of intervention.

As far as the tissue surrounding diabetic foot ulcer is
concerned, the AF gel at 5, 10 and 15% doses was effective
before and after 8 weeks of intervention compare with the
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placebo group. However, the gel at the concentration of 15% had
the greatest effect on the discharge reduction of diabetic foot
ulcers. In Hakim et al. (20) and Nasiri et al. (6), a significant
difference was observed between the two groups in terms of
tissues surrounding the wound in weeks 2, 3, and 4 of treatment,
which is in line with the results of the present study.

Apropos of the color of diabetic foot ulcer in four studied
groups, our results showed that amniotic fluid gel at different
concentrations affected diabetic foot ulcer color, but gel with
5% concentration had the greatest effect on the wound color
in diabetic foot ulcers. In Hakim et al. (20) and Nasiri et al.
(6), there was a significant difference between the two groups
in terms of wound color after 4 weeks of treatment, which is
completely consistent with the results of the present study.
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TABLE 3 Comparison of mean and standard deviation of ulcer parameters and total ulcer status from week 0 to 8 in 4 group.

Group 10% Group 5% Group 15% Placebo

Ulcer Time Mean =+ SD Mean £ SD Mean £ SD Mean £ SD P* (effect of
parameters time)
Wound Week 0 72.27 £ 8.96 74.31 £ 6.41 72.31 £4.41 71.26 £7.42 <0.001
degree

Week 1 74.77 £ 6.62 74.77 £ 6.98 73.40 £ 6.24 72.04 £ 6.66

Week 2 79.09 £7.70 80.68 £ 7.44 74.54 £ 6.52 75.45 £ 6.52

Week 3 83.86 £ 7.38 81.66 £ 6.95 76.56 £ 7.92 80.22 £ 6.63

Week 4 85.95 £ 7.51 84.00 £ 7.53 87.00 + 8.80 83.18 £ 5.46

Week 5 88.94 £6.14 88.15 £ 7.11 77.85+7.83 87.95+5.49

Week 6 90.88 + 4.04 89.06 £ 6.11 77.85+7.51 91.50 £+ 4.61

Week 7 94.68 £ 2.86 92.33 £6.77 79.04 + 7.68 94.11 + 6.64

Week 8 97.14 £3.23 93.18 £ 7.50 79.52 +7.89 95.31 + 8.84
P-value** (effect of treatment) 0.19 <0.001 0.54 -
Wound Week 0 66.36 £ 14.65 70.68 £ 7.91 67.95 £+ 11.30 77.67 £ 14.64 <0.001
color

Week 1 69.09 £ 13.76 71.36 + 8.47 70.00 + 6.86 66.81 £ 13.67

Week 2 73.86 £ 13.96 77.27 £8.12 71.13 £9.24 70.45+£11.43

Week 3 79.77 £ 10.96 79.52 £7.56 72.95 £ 9.46 75.68 £ 10.94

Week 4 82.61 £11.13 83.80 £ 9.86 74.54 £9.37 81.13 £8.15

Week 5 85.87 £ 8.70 87.93 £+ 8.39 74.52 £ 8.35 83.18 £17.49

Week 6 89.11 £5.22 88.12 £7.93 75.00 £ 7.58 90.25 £+ 5.49

Week 7 92.80 £ 5.46 91.00 £ 8.25 79.66 £ 7.79 92.94 + 4.69

Week 8 96.42 +4.12 90.90 + 8.89 79.90 + 7.98 79.18 + 3.67
P-value** (effect of treatment) 0.53 0.004 0.25 -
Surrounding Week 0 80.22 £ 19.90 81.59 &+ 13.57 77.27 £12.50 67.72 £ 16.67 <0.001
tissues

Week 1 77.72 £22.92 82.27 £ 13.06 78.18 £ 11.90 70.90 + 15.08

Week 2 85.68 £ 18.37 86.59 £+ 12.2 79.77 £11.49 75.14 £ 14.14

Week 3 87.27 £13.69 87.14 £ 11.24 88.40 £ 16.15 80.00 £ 13.36

Week 4 89.28 £ 10.98 89.52 £ 11.05 82.04 £ 10.87 80.68 + 20.83

Week 5 91.42 £ 8.36 91.31 £9.83 81.90 £11.45 87.72 £ 8.96

Week 6 92.42 £ 6.85 92.50 £ 8.14 81.90 £ 11.45 91.75 + 6.54

Week 7 95.93 £5.23 96.33 £+ 6.22 82.38 £11.57 96.11 + 4.04

Week 8 98.92 £ 2.89 94.54 £ 5.68 82.61 £11.46 98.52 £2.93
P-value** (effect of treatment) 0.057 0.54 0.038 -
Drainages Week 0 85.45 £ 3.70 90.15 £ 15.73 82.00 + 24.76 80.68 £ 20.48 <0.001

Week 1 87.50 £ 1.82 92.27 £10.54 85.68 + 18.66 82.50 £ 19

Week 2 90.22 £ 10.05 95.22 £ 8.51 87.72 £ 16.67 84.54 +17.10

Week 3 94.54 £7.54 96.19 £ 7.40 88.40 £ 16.85 88.18 + 14.92

Week 4 95.71 £ 6.38 69.66 £ 7.30 89.54 +17.03 92.72 £10.31

Week 5 97.36 £ 5.36 97.36 £ 6.31 89.52 + 16.80 95.68 + 8.20

Week 6 97.64 £ 4.37 97.18 £ 6.31 89.76 + 16.84 89.00 £ 4.10

Week 7 99.06 £ 2.71 98.00 £ 5.60 89.76 £+ 16.84 95.44 £15.79

Week 8 100.00 £ 0.0 98.33 £5.77 90.47 £ 15.56 95.52 £ 16.03

(Continued)
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TABLE 3 (Continued)

10.3389/fpubh.2022.1025391

Group 10% Group 5% Group 15% Placebo
Ulcer Time Mean £ SD Mean + SD Mean £ SD Mean £ SD P* (effect of
parameters time)
P-value** (effect of treatment) 0.17 0.048 0.61 - <0.001

Total ulcer status 304.31 £ 40.68
309.09 £ 40.31
328.86 £ 35.52
345.45 £ 32.25
353.57 £29.11

363.94 £ 21.38

316.59 + 33.18
320.68 & 28.96
339.77 £ 26.4
344,52 +24.43
352.50 £ 28.35
364.47 +26.18

300.63 £ 31.81 284.54 +45.77

307.27 £27.84 292.27 £ 39.99
313.18 £27.53 305.45 £ 36.93
318.86 +29.51 324.09 + 33.08

32431 £3.74 337.72 £ 35.86

323.80 + 30.03 354.54 £23.54

370.58 £ 16.28 366.87 +24.21 324.52 £29.74 371.50 + 16.86

382.05 £9.96 375.66 + 23.66 327.85 £ 31.12 382.05 £ 9.69

392.50 £ 8.71 376.82 £ 25.12 367.82 + 35.66 390.31 +£13.84
P-value** (effect of treatment) 0.081 0.024 0.048 -

"Reference class-GEE analysis.
" Compared to the reference class.

Finally, the results of the present study revealed that
amniotic fluid gel at different concentrations had a significant
effect on the grade of diabetic foot ulcer, but the gel at 5%
concentration had the greatest effect on the process of diabetic
foot ulcer. In Nasiri et al., the wound grade score at the end of
weeks two, three and four was significantly higher than that in
the previous week, which indicates the upward trend of wound
healing (6). In Hakim et al. (20), there was a significant difference
between the two groups in terms of wound grade after 4 weeks
of treatment.

The main limitation of the present study was that the process
of wound healing is different in different people due to their
genetic profile, and this might have affected the results but was
beyond the control of the researchers.

Conclusion

According to the results of the present study, amniotic
fluid gel at different concentrations has a significant effect on
the grade of diabetic foot ulcer. Given these patients’ special
condition and their urgent need for various trainings in relation
to their disease and the associated interventions, it is necessary
that nurses and even all members of the health team attend
patient training programs aimed at orienting them on how
to care for and prevent diabetic foot ulcers. Also, the use of
effective and available materials such as the amniotic gel used
in this study should be promoted in order to treat foot ulcers of
diabetic patients and thus reduce the rate of amputation and the
physical, mental, social and economic complications associated
with their condition.

Frontiersin Public Health

Guarantor's statement

SM is the guarantor of this work and, as such, had full
access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Ahvaz Jundishapur University of Medical Sciences.
The patients/participants provided their written informed
consent to participate in this study.

Author contributions

FN, SM, DB, AH, and LY researched data. FN, SM,
DB, AH, LY, AS, MM, and NS wrote the manuscript and
researched data. FN and SM contributed to discussion
and reviewed and edited the manuscript. All authors
contributed to the article and approved the submitted

version.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1025391
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Niami et al.

Funding

This study was extracted from a research project
No. NCRCCD-9913 approved by the Vice Chancellor
for Research of the Ahvaz Jundishapur University
of Medical Sciences.

Acknowledgments

We express our gratitude to patients and their families
participating in the study for their contribution. We also thank
the medical centers referring patients, and physicians helping in
collecting clinical data.

References

1. Ousey K, Chadwick P, Jawien A, Tariq G, Nair HKR, Lazaro-Martinez JL, et al.
Identifying and treating foot ulcers in patients with diabetes: saving feet, legs and
lives. ] Wound Care. (2018) 27:S1-52. doi: 10.12968/jowc.2018.27.Sup5.S1

2. Frykberg RG, Franks PJ, Edmonds M, Brantley JN, Téot L, Wild T, et al. A
Multinational, multicenter, randomized, double-blinded, placebo-controlled trial
to evaluate the efficacy of cyclical Topical Wound Oxygen (TWO?2) therapy in the
treatment of chronic diabetic foot ulcers: the TWO2 study. Diabetes Care. (2020)
43:616-24. doi: 10.2337/dc19-0476

3. Megallaa MH, Ismail AA, Zeitoun MH, Khalifa MS. Association of diabetic
foot ulcers with chronic vascular diabetic complications in patients with type 2
diabetes. Diab Metab Syndrome. (2019) 13:1287-92. doi: 10.1016/j.dsx.2019.01.048

4. Yazdanpanah L, Shahbazian H, Nazari I, Hesam S, Ahmadi F, Cheraghian B,
et al. Risk factors associated with diabetic foot ulcer-free survival in patients with
diabetes. Diab Metab Syndrome. (2018) 12:1039-43. doi: 10.1016/j.dsx.2018.06.020

5. Khodaie S-A, Kamalinejad M, Emadi F, Naseri M. Prioritization of effective
Materia Medica on diabetic foot ulcer in Persian medicine. Daneshvar Med.
(2020) 25:45-54.

6. Nasiri M, Fayazi S, Jahani S, Yazdanpanah L, Haghighizadeh MH. The effect
of topical olive oil on the healing of foot ulcer in patients with type 2 diabetes:
a double-blind randomized clinical trial study in Iran. J Diabetes Metab Disord.
(2015) 14:38. doi: 10.1186/s40200-015-0167-9

7. Spanos K, Saleptsis V, Athanasoulas A, Karathanos C, Bargiota A, Chan
P, et al. Factors associated with ulcer healing and quality of life in patients
with diabetic foot ulcer. Angiology. (2017) 68:242-50. doi: 10.1177/000331971665
1166

8. Seidel D, Storck M, Lawall H, Wozniak G, Mauckner P, Hochlenert D, et al.
Negative pressure wound therapy compared with standard moist wound care on
diabetic foot ulcers in real-life clinical practice: results of the German DiaFu-RCT.
BM]J Open. (2020) 10:€026345. doi: 10.1136/bmjopen-2018-026345

9. Pérez-Panero AJ], Ruiz-Mufioz M, Cuesta-Vargas Al, Gonzalez-Sanchez
M. Prevention, assessment, diagnosis and management of diabetic foot
based on clinical practice guidelines: a systematic review. Medicine. (2019)
98:¢16877. doi: 10.1097/MD.0000000000016877

10. Uccioli L, Meloni M, Izzo V, Giurato L. Use of nevelia dermal-
epidermal regenerative template in the management of ischemic diabetic
foot postsurgical wounds. Int ] Lower Extremity Wounds. (2020) 19:282-
8. doi: 10.1177/1534734619896460

11. Scheubel RJ, Zorn H, Silber RE, Kuss O, Morawietz H, Holtz ], et al.
Age-dependent depression in circulating endothelial progenitor cells in patients
undergoing coronary artery bypass grafting. ] Am Coll Cardiol. (2003) 42:2073-
80. doi: 10.1016/j.jacc.2003.07.025

12. Maraldi T, Russo V. Amniotic fluid and placental membranes as
sources of stem cells: progress and challenges. Int ] Mol Sci. (2022)
23:5362. doi: 10.3390/ijms23105362

13. Akita S, Akino K, Hirano A. Basic fibroblast growth factor in scarless wound
healing. Adv Wound Care. (2013) 2:44-9. doi: 10.1089/wound.2011.0324

Frontiersin Public Health

09

10.3389/fpubh.2022.1025391

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

14. Werber B, Martin E. A prospective study of 20 foot and ankle wounds treated
with cryopreserved amniotic membrane and fluid allograft. J Foot Ankle Surg.
(2013) 52:615-21. doi: 10.1053/j.jfas.2013.03.024

15. Akinbi HT, Narendran V, Pass AK, Markart P, Hoath SB.
Host defense proteins in vernix caseosa and amniotic fluid. Am
J  Obstetr  Gynecol. ~ (2004)  191:2090-6.  doi: ~ 10.1016/j.ajog.2004.
05.002

16. Gao X, Devoe LD, Given KS. Effects of amniotic fluid on proteases: a possible
role of amniotic fluid in fetal wound healing. Ann Plastic Surg. (1994) 33:128-34.
Discussion 34-5. doi: 10.1097/00000637-199408000-00002

17. Alamouti MA, Shayan N, Momeni M, Nouri M, Koohkan A, Hajizadeh-
Saffar E, et al. Investigation on the safety of amniotic membrane extracts in
improving diabetic foot ulcers (phase 1 clinical trial study). Iran J Diab Lipid
Disord. (2019) 18:126-34.

18. Abdo RJ. Treatment of diabetic foot ulcers with dehydrated amniotic
membrane allograft: a prospective case series. ] Wound Care. (2016) 25:54-
9. doi: 10.12968/jowc.2016.25.Sup7.54

19. Oyibo SO, Jude EB, Tarawneh I, Nguyen HC, Harkless LB, Boulton AJ.
A comparison of two diabetic foot ulcer classification systems: the Wagner and
the University of Texas wound classification systems. Diab Care. (2001) 24:84-
8. doi: 10.2337/diacare.24.1.84

20. Hakim A, Sadeghi Moghadam A, Shariati A, Karimi H, Haghighizadeh MH.
Effect of infrared radiation on the healing of diabetic foot ulcer. Int | Endocrinol
Metab. (2016) 14:e32444. doi: 10.5812/ijem.32444

21. Aziza E, Nahad E, Nabila A, Wael SJR. Comparative study of ozonated
olive oil ointment versus conventional dressing methods on the healing of grade
I diabetic foot ulcers. Researchers. (2011) 3:16-30.

22. Committee for Human Medicinal Products (CHMP) EMA. Propylene glycol
Used as an Excipient Report Published in Support of the Questions and Answers on
Propylene Glycol Used as an Excipient in Medicinal Products for human Use. (2017).

23. Lin HH, Cheng YL. In-Situ thermoreversible gelation of block and star
copolymers of poly(ethylene glycol) and poly(n-isopropylacrylamide) of varying
architectures. Macromolecules. (2001) 34:3710-15. doi: 10.1021/ma001852m

24. Desbriéres J, Hirrien M, Rinaudo M. A calorimetric study of methylcellulose
gelation. Carbohydr Polym. (1998) 37:145-52.

25. Weng L, Zhang L, Ruan D, Shi L, Xu J. Thermal gelation of
cellulose in a NaOH/thiourea aqueous solution. Langmuir. (2004) 20:2086-93.
doi: 10.1021/1a0359950

26. Su YN, Zhao DY, Li YH, Yu TQ, Sun H, Wu XY, et al. Human amniotic
membrane allograft, a novel treatment for chronic diabetic foot ulcers: A systematic
review and meta-analysis of randomised controlled trials. Int Wound J. (2020)
17:753-64. doi: 10.1111/iwj.13318

27. Zelen CM, Serena TE, Denoziere G, Fetterolf DE. A prospective randomised
comparative parallel study of amniotic membrane wound graft in the management
of diabetic foot ulcers. Int Wound J. (2013) 10:502-7. doi: 10.1111/iw;j.12097

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1025391
https://doi.org/10.12968/jowc.2018.27.Sup5.S1
https://doi.org/10.2337/dc19-0476
https://doi.org/10.1016/j.dsx.2019.01.048
https://doi.org/10.1016/j.dsx.2018.06.020
https://doi.org/10.1186/s40200-015-0167-9
https://doi.org/10.1177/0003319716651166
https://doi.org/10.1136/bmjopen-2018-026345
https://doi.org/10.1097/MD.0000000000016877
https://doi.org/10.1177/1534734619896460
https://doi.org/10.1016/j.jacc.2003.07.025
https://doi.org/10.3390/ijms23105362
https://doi.org/10.1089/wound.2011.0324
https://doi.org/10.1053/j.jfas.2013.03.024
https://doi.org/10.1016/j.ajog.2004.05.002
https://doi.org/10.1097/00000637-199408000-00002
https://doi.org/10.12968/jowc.2016.25.Sup7.S4
https://doi.org/10.2337/diacare.24.1.84
https://doi.org/10.5812/ijem.32444
https://doi.org/10.1021/ma001852m
https://doi.org/10.1021/la035995o
https://doi.org/10.1111/iwj.13318
https://doi.org/10.1111/iwj.12097
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Evaluation of the effect of a gel made with amniotic fluid formulation on the healing of diabetic foot ulcers: A triple-blind clinical trial
	Introduction
	Materials and methods
	Design
	Study population
	Instruments
	Intervention

	Ethical consideration
	Data analysis

	Results
	Discussion
	Conclusion
	Guarantor's statement
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


