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Abstract: The current study was performed to isolate keratin from chicken feathers with an in-
tention to develop a keratin–genistein wound-healing hydrogel, along with its in vivo analysis.
Pre-formulation aspects were analysed by using FTIR; SEM; HPTLC, while gel was characterized
for gel strength, viscosity, spreadability, drug content, etc. Additionally, an in vivo study along with
biochemical factors against pro-inflammatory factors and histopathological studies were conducted
to determine possible wound-healing and anti-inflammatory effects. Pre-formulation studies re-
vealed the presence of amide bonds with region of dense fibrous keratin and an internal porous
network in extracted keratin, which corresponds with standard keratin. Evaluation of optimised
keratin–genistein hydrogel indicated the development of neutral, non-sticky hydrogel which spread
evenly on the skin. In vivo studies in rats indicate higher degrees of wound-healing in combined
hydrogel (94.65%) for a duration of 14 days as compared to an individual hydrogel formulation with
the development of the epidermis and excessive proliferation of fibrous connective tissue indicating
wound repair. Furthermore, the hydrogel inhibited the overexpression of IL-6 gene along with
other pro-inflammatory factors, indicating its anti-inflammatory effects. In order to find out the
possibility of closure of wounds and anti-inflammatory properties of the novel product, an in vivo
investigation into the healing of wounds in laboratory animals was carried out through biochemical
(ELISA and qRT-PCR) analyses against inflammatory markers (IL-2, IL-6, IL-1, IL-10, and COX-2) and
histopathological (liver, skin, and the kidneys) investigations. Based on the results, we conclude that
keratin–genistein hydrogel is a promising therapeutic molecule for the management of wound repair.

Keywords: chicken feather; keratin; genistein; hydrogel; wound healing; ELISA; qRT-PCR

1. Introduction

For healthcare systems, skin wounds represent a significant burden. Their high rates of
morbidity chronification, and relapse, pose a significant strain on healthcare-related aspects
of living, elevating both individual and societal expenses as well as posing a problem for
healthcare systems across the globe [1–3]. Based on the ageing of the population and a rise
in the rates of diabetes, overweight, and heart disease, skin wounds and their potential to
become chronic will likely grow more common [2,4]. As a result, managing wounds is a
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major issue that is becoming more and more prevalent globally [4,5]. As such, it is crucial
to develop new products that can accelerate the healing process.

When the integrity of any tissue is damaged, a wound develops (such as when the
skin or a muscle becomes damaged, a bone is fractured, or burns occur) [6]. A wound
could occur from a fall, surgery, an infection, circumstances, or another event [7]. Several
antioxidant genes, including catalase (CAT) and glutathione peroxide (GPx), are expressed
more frequently during the natural healing of wounds, indicating a possible function for
free-radical-scavenging enzymes [8].

In order to promote cellular growth and cell-guided tissue development, the protein
layer has a distinct three-dimensional architecture. Hair, nails, and other areas of the skin
contain large amounts of the naturally occurring protein keratin [9]. In comparison with
the other proteins, it contains greater levels of cysteine [10]. The protein is hard, resilient,
and lighter because the sulphur atoms in the remnants of cysteine frequently interconnect
with each other [11]. Chicken feathers can serve as a good source of protein due to their
elevated keratin protein level [12].

Genistein, which is extracted from soybean, is used as an inhibitor of epidermal
growth factor (EGF)-induced proliferation [11,13]. It promotes the synthesis of collagen,
which is important for preserving the equilibrium of the skin as well as accelerating wound
repair [12]. In human dermal fibroblasts, genistein has a direct influence on the signalling
pathways which govern collagen production [14]. T-BHP (t-butylhydroperoxide) induces
collagen production in the presence of oxidative stress [15]. Because of its antioxidant
effects, this phytochemical guards human dermal fibroblasts from oxidative-stress-related
production of collagen suppression [16]. Through changing the inflammatory reaction, it
further modulates the healing of wounds [17,18]. Through enhancing antioxidant activity
while regulating the expression of cytokines that are pro-inflammatory in the initial stages
of wound repair, genistein supplements decrease the risk of oxidative stress [19]. Without
proper antioxidant activities, wound healing might be delayed, or severe tissue damage can
occur [20]. Isoflavone (genistein) in soybean has been reported to have potent antioxidant
properties and also possess pharmaceutical potency with oestrogen-like activity [21].

The current study was performed to isolate keratin protein from chicken feathers with
the intention to develop a keratin–genistein-combination-based wound-healing hydrogel.
Since hydrogel polymer material can absorb and hold a greater amount of exudates,
it was rationally chosen for this study. The pre-formulation aspects, such as protein
content, drug–excipient interactions, etc., were determined through standard methods and
sophisticated instruments (UV, FT-IR, SEM, and HPTLC). The prepared gel was evaluated
comprehensively with respect to the physicochemical parameter (gel strength, viscosity,
pH, spreadability, drug content, etc.). An in vivo wound-healing study in experimental
animals followed by biochemical assays (ELISA and qRT-PCR) against pro-inflammatory
factors (IL-2, IL-6, IL-1β, IL-10, and COX-2) and histopathological (liver, skin, and kidney)
studies were performed to determine the possible wound closure and anti-inflammatory
effects of the innovative product.

2. Results and Discussion
2.1. Characterisation of Keratin
2.1.1. Protein Content

The protein content as determined by the Kjeldahl method showed 86.89% w/w of
protein content from 500 mg of keratin sample. This was found to be a good percentage of
protein content available in the keratin sample, as it was expected to contain above 80%
w/w [22].

2.1.2. Amino Acid Profiling

As per the literature, total amino acid contents must exceed 70% of the keratin obtained
from the chicken feathers. The keratin sample displayed the presence of aspartic acid,
alanine, glutamic acid, serine, threonine, and tyrosine in the range of 0.36 to 12.1 g/100 g.
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These values corresponded with the reference range of standard keratin (Table 1). Serine,
glutamic acid, and aspartic acid were found in higher concentrations than tyrosine, alanine,
and threonine [16].

Table 1. Amino acid profiling of extracted keratin.

Test Parameter Test Unit (g/100 g) Reference Range (g/100 g)

1. Aspartic Acid 2. 3.15 3. 4.70
4. Threonine 5. 2.81 6. 4.10
7. Serine 8. 12.10 9. 13.57
10. Alanine 11. 2.41 12. 3.64
13. Glutamic Acid 14. 5.22 15. 9.10
16. Tyrosine 17. 0.36 18. 1.84

2.1.3. Fourier-Transform Infrared (FT-IR) Spectroscopy

The absorption bands that were observed in the keratin sample are mainly because of
the amide bonds (-CONH-). Among nine amide bands, five were prominently observed,
viz., amide-I, II, III, A and B. The signal at approximately 3300 cm−1 corresponds to amide
A. The Amide B band has been reported and appeared within 3056 to 3075 cm−1. The
strong peaks at 1654 cm−1 were assigned to amide-I, which is closely related to the carbonyl
groups. Amide–II was observed within 1480–1580 cm−1, which is related to symmetric
bending vibrations of –NH and –CN. The bands of approximately 1230–1240 cm−1 were
observed and associated with β-sheet of amide-III. All the characteristic bands that were
observed in the FT-IR spectrum of extracted keratin were indicative of its similar secondary
structure as that of the standard [23].

The FT-IR spectrum of pure genistein shows a broad band at 3464.15 cm−1, corre-
sponding to the phenolic–OH group, and carbonyl stretching vibrations were observed at
1625.99 cm−1. The C-H aromatic band was observed at 3041.74 cm−1, whereas the band of
carbonyl functionality C=O was observed at 1159.22, and that of the C-O stretching band
was seen at 1022.27 cm−1. Aromatic C=C stretching bands were observed in the range of
1600–1400 cm−1. All the characteristic bands were observed in the FT-IR spectrum of pure
genistein, confirming its identity and purity [24,25]

The FT-IR spectrum of the physical mixture of keratin and genistein with Carbopol
940 and other excipients was found to retain all major peaks shown in pure keratin and
genistein. It revealed no interaction of the drug component with the excipients, and thus,
the formulation is considered stable and compatible, as shown in Figure 1.
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2.1.4. High-Performance Thin Layer Chromatography (HPTLC)

The solvent system butanol: acetic acid: water in the ratio of 6.5:3.5:1 presented Rf
value of 0.63 for the extracted keratin, which was also found in the keratin gel with an alike
Rf value (Table 2). The chromatogram of the keratin gel produced the related characteristic
peaks with a% corresponding area of 0.57 and 0.95, respectively (Figure 2). The most
abundant constituents of keratin were found in the final formulation, which represents the
intactness of the keratin in the gel.

Table 2. HPTLC interpretation of various gel formulations.

Peak
Start

Position
(Rf)

Start
Height
(AU)

Max
Position

(Rf)

Max
Height
(AU)

Max %
End

Position
(Rf)

End
Height
(AU)

Area
(AU) Area %

Keratin extract and keratin gel formulation
3 0.62 6.5 0.63 12.8 2.52 0.64 0.4 90.3 0.57
7 0.62 7.7 0.63 18.9 3.54 0.65 6.4 159.5 0.95

Genistein extract and genistein gel formulation
6 0.56 42.9 0.56 49.2 8.81 0.60 38.7 802.0 11.03
5 0.48 26.8 0.50 41.4 13.37 0.51 25.6 448.2 13.34

Keratin, genistein extract and keratin, genistein combination gel
(Mobile Phase: butanol: acetic acid: water)

10 0.56 3.5 0.58 14.3 2.33 0.60 9.8 175.0 1.46
9 0.49 5.9 0.51 13.0 2.35 0.55 1.2 135.9 1.78

Keratin, genistein extract and keratin, genistein combination gel
(Mobile Phase: chloroform: methanol)

4 0.73 21.3 0.74 27.7 6.09 0.75 19.5 279.2 3.68
8 0.68 15.2 0.70 25.4 7.02 0.72 14.2 271.8 4.87
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Figure 2. HPTLC of (A) Comparative chromatograms of extracted keratin and keratin gel;
(B) extracted keratin; and (C) keratin gel.

2.1.5. Scanning Electron Microscopy (SEM)

The morphology of the keratin crystals at both 5000× (Figure 3B) and 1000× (Figure 3C)
was investigated via SEM analysis. The microphotographs presented a region of dense
fibrous keratin with an internal porous network (Figure 3A).
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Figure 3. Microphotograph of (A) reference keratin; (B) extracted keratin at 5000×; and (C) extracted
keratin at 1000×.

2.2. Characterisation of Genistein
High-Performance Thin Layer Chromatography (HPTLC)

The solvent system chloroform: methanol in the ratio of 10:1 presented an Rf value
of 0.49, which was also found in genistein gel (Rf = 0.50) (Table 2). The chromatogram of
the genistein gel produced the related characteristic peaks with a % corresponding area of
11.03 and 13.34, respectively (Figure 4). The most abundant constituents of genistein were
found in the final formulation, which represents the intactness of the genistein in the gel.
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2.3. Characterisation of Gel Formulations
2.3.1. General Characterisation

The initial batches of the gel base were characterised for their consistency, pH, viscosity,
and spreadability. Based on the study base formula, F1 was found to be difficult and not
acceptable. The viscosity was also found to be quite high. In contrast, the F2 showed a
slightly acidic nature and sticky content. The formulation F3 represented a non-sticky
consistency, which favoured the ease of its application to the skin surface, and the pH was
found to be neutral. Furthermore, the drug content study was performed to determine
the content of the drug that was present in the optimised formulation. An optimised gel
formulation was found to be a satisfactory drug content that ranges from 91 to 100% of
keratin and genistein extract (Table 3).
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Table 3. Post-stability characterisation of gel formulations.

Gel Type
Gel

Strength
(Sec)

Drug Content
Mean ± SD

pH
Mean ± SD

Viscosity (Cps)
Mean ± SD

Spreadability (gm·cm/s)
Mean ± SD

Pre-Stability Post-Stability Pre-Stability Post-Stability Pre-Stability Post-Stability

Keratin gel 4 96.07 ± 0.7214 7.6 ± 0.15 6.8 ± 0.15 470,913 ± 1978.7 433,342 ± 9495.1 9.78 ± 1.0 8.4 ± 0.85
Genistein gel 3 91.89 ± 0.2134 6.8 ± 0.1 6.4 ± 0.20 738,063 ± 2411.4 706,920 ± 1126.8 14 ± 1.4 13.65 ± 0.63

Keratin–
Genistein

gel
4

93.21 ± 0.764
(Keratin)

92.79 ± 0.7543
(Genistein)

7.2 ± 0.2 6.5 ± 0.26 714,547.53 ± 3040.3 700,446 ± 6777.86 12.56 ± 0.92 10.83 ± 1.2

2.3.2. High-Performance Thin Layer Chromatography (HPTLC)

The most abundant constituents of keratin and genistein were found in the final
formulation. The mobile phase system comprised butanol: acetic acid: water (6.5:3.5:1
v/v/v); the keratin extract showed an Rf value of 0.58, which was also found in the
keratin–genistein gel (Rf value of 0.51) (Table 2). The most abundant constituents of keratin
and genistein were found in the final formulation. The mobile phase system comprised
chloroform: methanol (10:1 v/v); the genistein extract demonstrated an Rf value of 0.74,
which was equivalent to the keratin–genistein gel (Rf value of 0.70) (Table 2). However,
only genistein runs in this solvent system. The chromatogram of keratin, genistein gel
revealed similar characteristic peaks to that of genistein, which represented the intactness
of the genistein in the gel formulation. The corresponding % area was found to be about
the same (3.68 and 4.87) (Figure 5).
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genistein combination gel; (B) extracted keratin, genistein; and (C) keratin–genistein gel under mobile
phase system chloroform: methanol (10:1 v/v).

2.4. Stability Studies

The stability studies were carried out for the optimised formulation at 40 ± 2 ◦C
temperature and 65 ± 5% RH for a period of 90 days [26]. The formulation presented
good stability over the time regimen with no remarkable change in the pH, viscosity, and
spreadability test profile (Table 4).

Table 4. Short-term (90 days) stability studies of gel formulations.

Formulation

pH
Mean ± SD

Viscosity (cPs)
Mean ± SD

Spreadability (gm·cm/s)
Mean ± SD

0 Days 90 Days 0 Days 90 Days 0 Days 90 Days

Keratin gel 7.6 ± 0.15 6.8 ± 0.15 470,913 ± 19,787.5 433,342 ± 9495.15 9.78 ± 1.0 8.4 ± 0.85
Genistein gel 6.8 ± 0.1 6.4 ± 0.20 738,063 ± 24,114.7 706,920 ± 11,268.6 14 ± 1.4 13.65 ± 0.63

Keratin-Genistein gel 7.2 ± 0.2 6.5 ± 0.26 714,547.53 ± 30,403.9 700,446 ± 6777.86 12.56 ± 0.92 10.83 ± 1.2
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2.5. Wound-Healing Activity

Keratin–genistein gel formulation showed higher degrees of wound healing (94.65%)
for the duration of 14 days as compared to the keratin gel formulation (87.57%) and genis-
tein (87.40%) gel formulation (Table 5). Furthermore, the keratin–genistein-combination
gel formulation presented a comparable activity to that of the marketed hydrogel product
(96.66%), as well as the control group (85.98%) (Figure 6). The stages of healing by the
keratin–genistein-combination gel formulation in the experimental animal model are de-
scribed in Figure 7. The present observations and potential roles of genistein in promoting
wound healing were found to be comparable with the results stated in previous reports on
early-stage cutaneous wound healing, refractory wound healing in type-1 diabetes, skin
wound repair in an incision model, and wound healing in ovariectomised mice [27].
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Table 5. Wound healing after 7 days and 14 days.

Groups Day 7 (% Wound Healing) Mean ± SD Day 14 (% Wound Healing) Mean ± SD

Keratin gel 54.29 ± 4.170 87.57 ± 5.00
Genistein gel 48.51 ± 7.88 87.40 ± 3.57

Keratin and genistein combination gel 51.18 ± 2.043 94.65 ± 4.64
Standard gel 54.99 ± 13.63 96.66 ± 5.77

Control 48.15 ± 9.32 85.98 ± 3.53

2.6. Histopathological Investigations

After 14 days, the wound-healing activity produces a normal architecture of the skin.
As compared to the genistein gel and keratin gel, the keratin–genistein combination gel
produced proper development of the epidermis, along with the proliferation of fibrous
connective tissue and the growth of hair follicles. After 14 days, the normal functioning
of the kidney and liver was studied, where wound healing does not produce any toxic
effect. Genistein purposely solved the development of epidermal growth on the skin. The
control sample of the skin showed failing to develop an epidermis and no proliferation
of fibrous connective tissue. The keratin sample presented the development of epidermis
and the proliferation of fibrous connective tissue, indicating wound healing. The genistein
gel sample revealed the development of epidermis and excessive proliferation of fibrous
connective tissue, demonstrating wound healing [23,28].
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The combination of keratin and genistein showed proper development of epidermis,
along with the proliferation of fibrous connective tissue and growth of hair follicles. The
standard sample displayed the best wound healing, with development of epidermis and
proliferation of fibroblastic cells and hair follicles. The control sample of the liver revealed
vacuolar degenerative changes in hepatocytes around the central vein. The keratin, the
genistein, the standard, and the combination sample showed the normal architecture of
hepatocytes around the central vein. The control sample of the kidney revealed the inflamed
architecture of glomeruli and tubules. In contrast, keratin, genistein, standard, and the
combination sample showed the normal architecture of glomeruli and tubules (Figure 8).

In the case of vital organ toxicity studies, the histological section of liver shows normal
architecture of hepatocytes around the central vein as compared to vacuolar degenerative
changes in positive control group. Kidney histology shows the normal architecture of
glomeruli and tubules. This result proved the safety of keratin and genistein for medici-
nal use.
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2.7. Biochemical Investigations

The biochemical investigations through ELISA and qRT-PCR studies strongly advo-
cated that the keratin–genistein combination gel-formulation-treated group produced a
comparatively high impact over the IL-6 expression via the downregulation of the over-
expressed IL-6 gene in contrast to the working control group (Figure 9). In comparison with
other pro-inflammatory factors such as COX-2, IL-2, IL-10, and IL-1β expressed in the liver
tissues, genistein and keratin, both in combination, have the capacity to regulate the higher
expression of mRNA of IL-6 in inflamed liver tissues and, therefore, play an imperative role
in the suppression of inflammation [29,30]. The exploration of the underlying mechanism(s)
supported our hypothesis that the combination markedly normalised (p < 0.001) the upregu-
lation of the IL-6 gene and exerted an anti-inflammatory effect by modulating the molecular
targets (Table 6). The efficacy of the gel combination was observed to be quite comparable
with the positive control (marketed standard formulation) at an analogous dose.
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Table 6. ELISA measurement of interleukins (IL-2, IL-6, IL-1β, and IL-10) and COX-2 levels in liver
after the application of keratin, genistein, and keratin–genistein gel.

Parameters NC WC PC Keratin Genistein Keratin and
Genistein

COX-2 (pg/mL) 188.78 ± 8.09 449.24 ± 12.95 210.84 ± 10.51 *** 240.97 ± 8.46 *** 223.79 ± 11.49 *** 196.25 ± 9.61 ***
IL-2 (pg/mL) 492.27 ± 12.03 1103.32 ± 19.37 594.38 ± 12.45 *** 620.31 ± 16.85 *** 601.76 ± 18.17 *** 519.37 ± 11.51 ***
IL-6 (pg/mL) 148.91 ± 4.61 327.94 ± 8.16 179.24 ± 5.34 *** 204.37 ± 9.17 *** 191.38 ± 7.42 *** 163.84 ± 7.19 ***
IL-10 (pg/mL) 630.94 ± 20.37 1294.01 ± 25.79 764.85 ± 23.14 *** 804.59 ± 22.67 *** 789.41 ± 11.64 *** 681.93 ± 9.43 ***
IL1-β (pg/mL) 552.37 ± 18.19 1109.86 ± 24.17 624.87 ± 12.37 *** 655.49 ± 11.27 *** 634.59 ± 9.73 *** 611.48 ± 10.70 ***

Legends: NC: Normal Control; WC: Working Control; PC: Positive Control. *** Represents the level of significance
in comparision with normal control/working control.

The inflammation-reducing potential of genistein by reducing the levels of cytokines
(IL-1β, IL-2, IL-6, and IL-10) was found to have complied with the previous reports on the
protective actions of this natural product in gut inflammation, inflammation that is related
to colitis, TNF-α-induced endothelial inflammation, and vascular inflammation [23,31].

3. Conclusions

A safe and effective keratin, genistein wound-healing combined gel formulation
was successfully developed and comprehensively characterised through sophisticated
analytical techniques. The major active components that were needed for the wound-
healing activity were identified, along with other components, by using TLC, FTIR, and
amino acid profiling techniques. The present investigation revealed that the fabrication
of keratin gel showed excellent wound-healing properties, and with the combination of
the inhibitor of EGF- induced proliferation, genistein showed noteworthy wound-closure
activity. The fabricated formulations demonstrated good spreadability with a pH suitable
for human skin application. The formulations also retained a good stability condition
over a period of 90 days. The ability of the natural-component-containing gel product
as an effective wound healer was confirmed via histopathological studies. From all the
biochemical studies, it may be concluded that the novel keratin, genistein wound-healing
gel effectually reduced the pro-inflammatory factors (IL-2, IL-6, IL-1β, IL-10, and COX-2),
which led to acute lessening of inflammation. Comparing the gel to other commercially
available formulations, its desirable formulation texture characteristics, in addition to its
viscosity, pH, spreadability, and wound-healing function, contributed to the quality and
stability attributes of the gel.

4. Material and Methods
4.1. Material

Keratin was successfully extracted from chicken feathers based on an existing method.
Genistein was purchased from a local shop, namely, Green Heaven Lab Ltd., Nagpur,
Maharashtra, India. Carbopol 934 was procured from Apex Drug House Ltd., Mumbai,
India. LOBA Chemie Ltd., Mumbai, India, supplied analytical-grade methyl paraben and
propyl paraben. Cremophor RH-40 was obtained from PIOMA Chemicals, Mumbai, India.
The chemicals that were used in the study were of analytical grade and obtained in the
highest pure form. Double-distilled water (Borosil, Mumbai, Maharashtra, India) was
utilised for the experiment. The standard keratin was obtained from Sigma-Aldrich, St.
Louis, MO, USA, with CAS No. 69430-36-0.

4.2. Extraction of Keratin from Chicken Feathers

Chicken feathers of a sufficient quantity were obtained from a nearby poultry farm
and soaked in ether for a period of 24 h. The wet feathers were exposed to sunlight until
they were completely dried. The dried feathers were further cut uniformly into small pieces
and blended. The blended feathers were sealed carefully in a sealed plastic bag. In a 2 L
conical flask, 0.5 M of sodium sulphide solution was prepared, and the weighed amounts
of 50 g (Shimadzu BL-220H, Kyoto, Japan) of blended chicken feathers were added. The
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solution was stirred by a mechanical stirrer (Biotechniques BIPO5B, India) for the duration
of 6 hrs at a temperature of 30 ◦C and the target pH range of 10–12. Furthermore, the
solution was filtered off to acquire the supernatant liquid. The supernatant liquid was
taken into a beaker and stirred. In a conical flask, ammonium sulphate solution (0.7 g/mL)
was prepared in double-distilled water with continuous stirring until all particles were
dissolved [32,33]. The solution was subsequently filtered, and the obtained filtrate was
added drop wise to the previous breaker containing the feather filtrate solution in a ratio of
1:1 with fast stirring. The supernatant precipitates were collected separately. The collected
solid particles were added to ethanol (100 mL), and a pH of 12 was maintained with a
NaOH solution (0.1 N) with continuous stirring. Additionally, the solution was placed
overnight on a mechanical shaker. Finally, the solution was filtered to procure the solid
particles and the supernatant liquid. The solid particles were dissolved in 0.5 N NaOH
solution. Ultimately, the liquid was collected, and the solid materials were discarded. The
liquid sample was then dried, and the keratin crystals were collected [22].

4.3. Characterisation of Extracted Keratin
4.3.1. Protein Content

The protein content of the keratin sample was estimated via the Kjeldahl digestion
flask method, as reported in the standard literature [34]. Protein content was determined
by multiplying nitrogen contents by conventional factor 6.25, as the average nitrogen (N)
content of most of the proteins was found to be about 16%. The % total nitrogen content in
the sample was determined from the following formula [32]:

% Total Nitrogen = (Blank titration−Sample titration) × 1.4 (constant factor for Nitrogen)
× 2 × Exact normality of 0.1N NaOH solution

4.3.2. Amino Acid Analysis

The amino acids present in the feather keratin were estimated quantitatively by using
the post-column derivatisation method with Ninhydrin applications followed by an amino
acid analyser. By using 6 N HCl, the keratin samples (n = 4) were hydrolysed in a glass
tube. The hydrolysed amino acids were then characterised via reverse-phase HPLC (RP-
HPLC) [35].

4.3.3. Scanning Electron Microscopy (SEM)

The morphology of the extracted keratin sample was characterised by electron mi-
croscopy (Jeol JSM-6360A, Japan). The dried sample was sprinkled lightly over the alu-
minium stub (3–5 nm; 75 s; 40 W) connected with double adhesive tape. The sample
underwent a gold coating to enhance the electrical conductance. The stub containing
the gold-coated sample was scanned randomly, and at 10 kV acceleration voltage, the
photomicrographs were recorded [32].

4.3.4. Fourier-Transform Infrared (FT-IR) Spectroscopy

The Fourier-transform infrared (FT-IR) spectroscopic (Shimadzu IR-Affinity-1, Kyoto,
Japan) investigation of keratin, genistein, Carbopol 934, and a physical mixture in the range
of 4000 cm−1 to 400 cm−1 was studied to determine the inherent stability and compatibility
of the formulation through various chemical groups. Any such changes perceived through
the spectra are a clear reflection of some possible interactions between the drug and the
polymer [36].

4.3.5. High-Performance Thin Layer Chromatography (HPTLC)
(a) For Keratin

High-performance thin-layer chromatography (HPTLC) (Camag, North Carolina,
USA) was performed for the keratin samples on 10 cm × 10 cm F254 HPTLC Si-60, diol, CN,
NH2, and RP-18 plates. The sample and standard were spotted as bands of 5 mm width by
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using the automatic applicator Desaga AS 30 (Heidelberg, Germany). The samples were
applied in the triplicate manner in the form of a band of 6 mm in the concentration of 10 µL.
The distance between the tracks was kept to 10 mm at an application rate of 110 nL/s for
the application of the bands. The plates were developed in a linear ascending mode at
85 mm in a chromatographic horizontal Teflon DS chamber (Chromdes, Lublin, Poland)
that was previously saturated with some vapours of the mobile phase of butanol: acetic
acid: water in the ratio of 4:1:1 v/v/v. The plates were developed after drying in the warm
air streams and observed at 254 nm and 366 nm under a UV lamp. Densitometric scanning
was performed by using the TLC scanner-III in the pre-absorbance/reflectance mode [37].

(b) For Genistein

In the present study, 10 cm × 10 cm F254 HPTLC Si 60, diol, and CN, NH2, and
RP-18 plates were used for thin-layer chromatography (TLC). A Desaga AS 30 automatic
applicator (Heidelberg, Germany) was used to identify standards and samples within 5 mm
bands. In a chromatographic horizontal Teflon DS chamber (Chromdes, Lublin, Poland),
which had been earlier saturated with mobile phase vapours, the plates were developed to
an 85 mm thickness. The plates were examined at 254 nm and 366 nm under a UV light after
being dried in a stream of hot air. On pre-coated TLC Plates (10 cm × 10 cm) and by using
a concentration of 10 µL, the samples were used in triplicates in the shape of a band with a
width of 6 mm via a Linomat-V sample applicator. A 110 nL/s rate of application was used
to apply bands while maintaining a 10 mm space among the tracks. In a glass chamber
with twin troughs that had been saturated with mobile phase, linear ascending progression
was performed. By utilising the TLC scanner III in the pre-absorbance/reflectance mode,
densitometric scanning was carried out. HPTLC-plates were used to hold the commercial
and enzymatic genistein hydrolysates. Chloroform: methanol (10:1 v/v) was used for the
development as long as the solvent front travelled to the highest point of the plate [33,37].

4.4. Characterisation of Genistein

A pre-formulation study of the drug moiety was performed to determine the authen-
ticity of the drug and to estimate its associative properties that may influence formulation
development. As per the methods that were comprehensively described in the previous
section, the λmax of the compound through UV-Vis spectroscopy, FT-IR, and HPTLC
were performed.

4.5. Formulation Development (Gels)
4.5.1. Optimisation of Gel Base

A lack of adequate activity of antioxidants, tissue injury, or healing of wounds may
both be impaired. In-process quality control (IPQC) is a vital phase in the formulation of
keratin protein wound-healing gel. In order to ensure that the final goods remain uniform
from run to run, efficient over a period of time, and risk-free to be utilised, certain particular
tests are carried out at different stages of the process of production. The first step that
is performed is to verify the unprocessed products to determine if they agree with the
standards that have already been established. As a result, the pH, viscosity, and amount of
drug of the test formulation were examined. Certain distinct quality control criteria, such as
texture profile, must be properly taken into account in the production of a gel (a semisolid
formulation), with the aim of increasing stability, elegance, and subsequent approval from
customers. The 1% gel formulation was prepared by taking 1 g of Carbopol 934, which was
further added to 100 mL of distilled water and hydrolysed for duration of 24 h.

4.5.2. Formulation Development of 2% Keratin Gel

In total, 1 g of keratin was taken (powder form obtained through freeze-drying tech-
nique) and triturated with 3 mL of Cremophor RH-40 (as a solubiliser) in a mortar and
pestle. Furthermore, 50 g of hydrated Carbopol 934 was added to the above content. The
preservatives (propyl paraben and methyl paraben) were added to the required amount.
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The pH of the formulation was maintained by adding Triethanolamine to form the gel
product (Table 7).

Table 7. Composition of keratin gel, genistein gel, and keratin–genistein gel (50 g quantity).

2% KERATIN GEL 1% GENISTEIN GEL KERATIN–GENISTEIN GEL

Ingredients Quantity Ingredients Quantity Ingredients Quantity

Carbopol 934 1% w/v Carbopol 934 1% w/v Carbopol 934 1% w/v
Keratin 1 g Genistein 0.5 g Keratin 1 g

Cremophor RH 40 3 mL Methyl paraben 0.01 g Genistein 0.5 g
Methyl Paraben 0.01 g Propyl paraben 0.01 g Cremophor RH 40 3 mL
Propyl Paraben 0.01 g Triethanolamine q.s. Methyl paraben 0.01 g
Triethanolamine q.s. Propyl paraben 0.01 g

Triethanolamine q.s.

4.5.3. Formulation Development of 1% Genistein Gel

In total, 50 g of hydrated Carbopol 934 was taken, and 0.5 g of genistein was added. The
content was mixed vigorously with a stirrer, and in required quantities, the preservatives
(propyl paraben and methyl paraben) were added. The pH of the product was maintained
by using triethanolamine (Table 7).

4.5.4. Formulation Development of Keratin–Genistein Combination Gel

In total, 0.5 g genistein was dissolved in 50 mL of hydrated Carbopol 934 (Sample 1).
A total of 1 g keratin crystal was mixed with 3 mL of the solubiliser Cremophor RH-40 in a
mortar and pestle (Sample 2). Sample 2 was added to sample 1, and preservatives (propyl
paraben and methyl paraben) were added. The pH of the gel formulation was maintained
by using Triethanolamine (Table 7).

4.6. Characterisation of the Gel Formulation
4.6.1. Physical Evaluation
Gel Strength

The gel strength was tested by the gel strength apparatus in accordance with the
method. The 100 mL measuring cylinder was filled with the gel formulations, and then
the gel was loaded with a 50 g piston. The gel strength was determined from the time
(in seconds) required to move the piston 5 cm down through the gel. In this case, it took
more than 5 min to drop the apparatus into the gel strength, and it was described by the
minimum weights that pushed the apparatus 5 cm down through the gel.

pH

The pH of the gel formulations was determined by utilising the digital type of pH
meter (Global-pH-DPH-507, Delhi, India) in the calibrated range of 4 and 7. In total, 1 g
of the gel was placed into double-distilled water, and both the reference electrode and the
glass electrode were dipped completely into the formulations to achieve the pH of the
products. The experiment was executed in a triplicate form.

Viscosity

The viscosity of the products was determined by using the Brookfield Viscometer
(DV-E1 model, Middleboro, MA, USA) at 0.5 rpm and using the no. 64 spindle in the
temperature range of 25 ± 1 ◦C. The experiment was carried out in a triplicate manner.

Spreadability

On the principle of slip–drag, the spreadability of the gel formulations was determined.
The required amount of the formulation was placed on the ground slide, and the test
material was prepared such that it was sandwiched by another glass slide which comprised
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a hook system. A pressure of 1 kg of mass was applied to the slides to remove the air
entrapped between the thin films. The excess content of the formulation was swiped off
from the edges of the slide, and the top slide was dragged with a force equivalent to 50 g
intensity. The time required for the top slide to cover 7.5 cm distance was estimated and
concluded from the following formula:

S = M × L/T

where S = Spreadability coefficient, M = weight applied, L = length moved by the glass
slides, and T = time taken to separate the glass slides completely from each other [38].

4.6.2. Keratin and Genistein Contents

In each formulation, the drug content was estimated by taking 0.1 mL of sample
in a 10 mL volumetric flask and making up the volume with double-distilled water to
prepare a stock solution. Further dilutions were prepared and analysed spectrophotomet-
rically at λmax 222 nm and 280 nm, respectively. The experiment was performed in a
triplicate manner.

4.6.3. HPTLC

A previously discussed method, as stated above, with the mobile phase in butanol:
acetic acid: water in the ratio of 4:1:1 v/v/v for keratin gel and chloroform: methanol in the
ratio of 10:1 v/v for genistein gel was followed.

4.6.4. Short-Term Stability Study

The formulation was subjected to accelerated conditions of temperature (40 ± 2 ◦C)
and humidity (75 ± 5%) for the duration of 90 days. The formulations were packed
in aluminium foil and kept inside the PVC bottle. After the completion of the study,
the essential physical parameters and drug content were determined at pre-determined
intervals of 30 days, 60 days, and, finally, 90 days. The obtained observations/parameters
were then compared with the pharmacopoeia guidelines.

4.7. Animals

Male albino rats [(n = 30) (age: 5 to 6 weeks; weight range: 200–300g)] were randomly
divided into five groups. There were four hydrogel-treated experimental groups, including
(1) feather keratin hydrogel, (2) genistein hydrogel, (3) keratin–genistein hydrogel, and (4) mar-
keted preparation, while the fifth group was a non-treated control group (six rats in each group)
after obtaining animal study permission from the institutional animal ethical committee (IAEC)
as per the Committee for Control and Supervision of Experiments on Animals (CCSEA) guide-
lines and histopathological studies with approval numbers 1426/PO/Re/S/11/CPCSEA. The
animals were kept in the animal house, provided free access to water, also fed standard food,
and maintained under a controlled environment (temperature 22 ± 2 ◦C; humidity 50–60%
RH; and 12/12 h light and dark conditions) with proper hygiene. All animals were housed
under standard environmental conditions to prevent any significant antibacterial interference
with the wound due to external factors [39–41].

4.8. Wound Healing Study

For evaluating the wound-healing properties of the feather keratin, genistein, and
keratin–genistein hydrogel, and marketed preparation, a full-thickness excision model
was applied for the evaluation. All animals were anaesthetised with an intra-peritoneal
ketamine injection (100 mg/mL) and xylazine, ilium-xylazine-20 (20 mg/mL). For anaes-
thetic administration, 7.5 mL of ketamine and 5 mL of xylazine were diluted with 7.5 mL
of double-distilled water. A dosage of 0.2 mL/100 g body weight was used for the induc-
tion of complete anaesthesia. The dorsal hair was removed with a hair-removing cream
(Anne French, Ahmedabad, Gujarat, India). A partial-thickness skin wound of dimension
1.5 × 1.5 cm was prepared via excision of the dorsal skin of the animal by using surgical
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scissors and forceps. Subsequently, the excised wound of the experimental group of rats
was covered with the tested hydrogel (applied 1 fingertip unit (FTU)), and the bare wound
was kept as a negative control. The probable changes observed in the wound area with time
progression were measured by using a method of transparency-based digital imaging. On
the 7th and 14th postoperative days, the reconstructed skins of the wounds were excised
and fixed in 4% paraformaldehyde for histological observations and collagen deposition
determination. At the selected post-wound intervals, photographs were taken. The wound
closure was estimated according to the following equation [42,43]:

Wound closure (%) = [A0 − At]/A0 × 100

where A0 is the initial wound area and at is the wound area at the same time interval of
“t” days.

4.9. Biochemical Analysis
4.9.1. Estimation of Cytokines by ELISA

Enzyme-Linked Immunosorbent Assay (ELISA) was performed to determine the
cytokine levels of IL-1β, IL-2, IL-6, and IL-10 in liver tissue as per the manufacturer’s
instructions [44].

4.9.2. qRT-PCR Analysis

In total, 10 mg of tissue samples from all the groups was used to isolate total mRNA
via the Triazole technique in order to examine the amount of mRNA that is expressed for
the gene of interest. The RNeasy small kit was used to purify the mRNA as per the manu-
facturer’s instructions. Finally, qRT-PCR (Real-Time Quantitative Reverse Transcription
PCR) was performed via the standard instrument with the help of the PCR master mix.
Denaturation of the cDNA was performed at 94 ◦C for 5 min, followed by annealing at
58 ◦C for 30 s and subsequent extension at 72 ◦C for 35 s. Forty times repetition of the
cycle was set by using qRT-PCR, which helps in the detection of the amplified DNA in
real-time. To normalise mRNA, GAPDH was used as a housekeeping reference. For all
the treated groups, ∆Ct values was normalised with untreated control samples (∆Ct = Ct
gene of interest − Ct housekeeping gene). The relative changes in the expression level of a
particular gene were measured in terms of 2−∆∆Ct (∆∆Ct = ∆Ct test − ∆Ct control) [45,46].

4.10. Histopathological Investigations

The repaired skin of the wounds was taken out and preserved in a 4% paraformalde-
hyde solution on the 7th and 14th day following surgery for histopathological examination
and to determine where collagen was deposited. To check the biocompatibility of biological
macromolecules, viz., keratin and genistein, major tissues such as the liver and kidney
were resected and fixed in 10% formalin for histological observations with respect to major
changes associated with the tissue toxicity study.

Via selective staining with the dye haematoxylin and eosin, the histological analyses
of wound skin, liver, and kidney were performed. The 7 mm to 10 mm thick sections were
cut and initially fixed in formal calcium and embedded in paraffin wax. By employing
xylene, the cut sections were de-waxed, treated with decreasing amounts of alcohol for
hydration, and stained with haematoxylin. Then, the sections were dehydrated with alcohol
to 70% concentration and further stained with 1% alcoholic eosin solution. Subsequently,
the sections were differentiated in 90% alcohol solution, cleaned with xylene, mounted
cautiously, and observed under the microscope [47,48].

4.11. Digital Image Analysis

From the histological images of tissues, luminescence was identified and transformed
into the heights of the final 3D, interactive surface plot, which recognises the pure stained ar-
eas adjacent to the adjoining sampling in a square dimension and represents the background
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stains, nuclear sites, and other characteristics. A computerised scoring was allocated by
examining and determining the staining pattern by using the Image J® program.

4.12. Statistical Analysis

All values were provided as means with standard deviations (±SD), with n = 6; **
represented significance at p < 0.01 versus the control group, and * represented significance
at p < 0.05 in comparison with the standard gel and keratin–genistein combination groups.
By using Statistica® v.17.0 software, one-way ANOVA was used to analyse the data, and
then Bonferroni’s Multiple Comparison Test was performed.
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