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Background and aim: Orange colored tubular calyx of the flowers of Nyctanthes arbor-tristis contains an
apocarotenoid crocin as a major ingredient, which is originally detected to be major colouring principle
of saffron stigma. Saffron stigma exhibits good wound healing activity owing to the presence of crocin.
The present study is aimed at isolation of crocetin, from tubular calyx of N. arbortristis and improve
stability through entrapping in vesicles followed by evaluation of wound healing activity of the topical
formulation thereof.
Experimental procedure: Crocetin was isolated by treating ethanolic extract of tubular calyx of N. arbor-
tristis with sodium bicarbonate followed by regeneration of crocetin using hydrochloric acid. The phy-
tosomes were prepared by lipid film hydration technique. The gel containing phytosomes equivalent to
crocetin 1% w/w, was then evaluated for wound healing activity through applications on incision and
excision wounds inflicted in Wister albino rats.
Results: Stability of crocetin was found to be increased due to entrapment into phytosomes. The studies
revealed that both types of wounds upon treatment with gel containing crocetin phytosomes, indicated
good wound healing potential, as the epithelization period was significantly (P < 0.001)decreased as
compared to the control group from 26 to 9 days, in excision wound model and significant (P < 0.001)
increase in breaking strength of repaired skin, as compared to control from 328.8 to 857.0 gm in incision
wound model.
Conclusion: Crocetin from tubular calyx of Nyctanthes arbor-tristis indicated to be potential wound
healing phytoconstituent.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Crocetin is an aglycon apocarotenoid dicarboxylic acid obtained
from hydrolysis of Crocin, an apocarotenoid esterified with glucose
units, responsible for coloration of stigma of flowers of Saffron that
is Crocus sativus (Iridaceae).1 Orange colored tubular calyx of
flowers of Nyctanthes arbor-tristis (Oleaceae) is reported to contain
crocin and it is considered as an alternative source for the same. The
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flowers of Nyctanthes arbor-tristis form an economical source of
crocin, as these are readily available in India. The flowers blossom at
night and wither next morning, also get perished in half an hour,
thus get wasted.2,3 Crocin present in saffron is reported to be an
active ingredient, responsible for various pharmacological actions
including wound healing,4,5 antioxidant, anti-inflammatory prop-
erties along with expression of NF-kB related genes and glycosyl-
ation related genes (6). Crocin is reported to upregulate expression
of collagen type 1 gene,7 which reveals the potential of crocin in
prevention of skin ageing. Saffron also forms one of the important
ingredients of skin cosmetics (7). Crocin is a major constituent of
tubular calyx of N. arbor-tritsis and being a carotenoid containing
conjugated double bonds, it is highly unstable, The stability of
crocin was improved8 through preparation of biodegradable nano
particles using Chitosan-alginate.

The aim of the study is to improve stability of crocin and crocetin
by entrapping into phytosome. To achieve this aim, the objectives of
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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the studies involved utilization of tubular calyx of N. arbor-tristis as
an alternative and economical source of crocin and crocetin. Crocin
is a glycoside while crocetin is an aglycon. Due to presence of
dicarboxylic groups on the molecule, it can be easily entrapped into
phytosomes. This is followed by evaluation of stability and efficacy
of gel formulations in healing of excision and incision wounds.

2. Materials and methods

2.1. Materials

All the chemicals used were of AR grade. Hydroxy proline was
procured from Loba Chemicals, Mumbai, India. Crocin and crocetin
were isolated from the tubular calyx of N. arbor-trisits. The solvents
viz. ethanol, chloroform, were of AR grade while isopropyl alcohol,
ethyl acetate, water utilized for HPTLC analysis were of HPLC grade.

2.2. Plant material

Fresh flowers of N. arbor-tristiswere collected from the premises
of the institute early in the morning and was authenticated at
Agharkar Research Institute, Pune, Maharashtra, India. The voucher
specimen (an- 0707,142) was deposited in the Institute (Fig.S1).

2.3. Extraction and isolation of crocetin (I)

The fresh flowers of N. arbor-tristis (about 750 gm) were cleaned
by washing under running tap water and the orange-colored
tubular calyx (about 500 gm) were manually separated from the
petals and dried. After drying 67.3 gm of dried calyx was obtained.
The dried tubular calyx (100 gm) was then macerated with about
350 ml ethanol in dark for about 6e8 h at room temperature. The
orange red colour extract of tubular calyx of N. arbor-tristis (NAT
Extract) obtained after filtration of the marc. The extract was
evaporated in rotary flash evaporator and dried in vacuum oven at
temperature not exceeding 50� c.

For isolation of crocetin from the dried NAT extract, (10 gm) was
suspended in mixture of 50 ml of distilled water and 10 ml of
concentrated hydrochloric acid. The suspension was refluxed on
water bath for 3 h and cooled. The reaction mixture was then par-
titioned into about 50ml of diethyl ether. Thediethyl ether layerwas
separated and treated with sufficient quantity of saturated aqueous
solution of sodium bicarbonate. The sodium bicarbonate layer was
separated and concentrated hydrochloric acid was added till the pH
was acidic to litmus paper. The orange colored precipitate was ob-
tained due to treatment with hydrochloric acid which was filtered
and dissolved in diethyl ether. The solvent ether was evaporated at
room temperature to get solids of crocetin (about 1 gm). For the
complete study totally about 5 gm of crocetin was prepared from
about 50 gm of ethanolic extract by above mentioned procedure.

2.3.1. Isolation of crocin
The NAT extract (1 gm) obtained by above procedure, was

loaded on silica gel (60e120 mesh) column and it was eluted by
isocratic mode with the mobile phase consisting of Ethyl acetate:
Isopropanol: Water (65:25:10). The eluents were analyzed by Thin
Layer Chromatography (TLC) on silica gel GF 254 and mobile phase
(Ethyl acetate: Isopropanol: Water [65:25:10]). Eluents with iden-
tical TLC pattern indicating single spot corresponding to Crocin (Rf-
0.22) were pooled together and concentrated under reduced
pressure to get the desired compound (about 0.3 gm) The NAT
extract was quantified for content of crocin byHPTLCmethod, using
the isolated crocin as a marker compound. The isolated crocin was
also utilized as a marker compound for analysis of crocin from the
phytosomes and the formulation thereof.
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2.4. Preparation of phytosomes of NAT extract and crocetin

The phytosomes were prepared by lipid film hydrationmethod.9

In brief, the NAT extract and crocetin individually in the quantity of
0.5 gm, along with 1.0 gm of phosphatidyl choline and 0.5 gm of
cholesterol were dissolved in 10 ml of chloroform, followed by
evaporation of the solution in rotary flash evaporator to get a thin
film of lipid. The film was hydrated at 25 ± 2 �C by adding phos-
phate buffer saline (pH 7.4) and kept it for 1 h. The dispersion of
phytosomes thus obtained was sonicated in ice bath for 30min. The
phytosomes were further stabilized by hydration for 8 h at ambient
temperature and separated from free drug by centrifugation. The
amounts of entrapped crocetin and NAT extract (equivalent to
crocin) were determined HPTLC method.
2.5. Evaluation of phytosomes

The FT-IR spectra for crocetin, and phytosomes of crocetin were
recorded to confirm the formation of phytosomes.
2.5.1. Determination of crocetin and crocin by HPTLC method
For construction of calibration curves for crocin and crocetin,

these were individually dissolved in methanol and diluted to get
effective concentrations in the range of 10e50 mg/ml. The amount
of crocetin and crocin entrapped was determined by extracting
individually 50 mg of phytosomes of crocetin and NAT extract
respectively, in about 25 ml of methanol and shaken for 30 min and
then made up the volume to 50 ml with methanol (Solution A1 and
A2). The solutions A1 and A2 were filtered and the 5 ml of the
filtrate from each solution was diluted to 10 ml (Solution B1 and
B2). The solutions B1 and B2 were quantified for the content of
crocetin and crocin respectively using HPTLC method.

10 ml of each concentration of the standard solutions of crocin,
crocetin and the samples were applied to precoated silica gel 60
GF254 plates (thickness-0.2 mm) with the help of applicator Lino-
mat V using Hamilton syringe. The plate was developed using Pe-
troleum ether: Acetone (6:3) and Ethyl acetate: Isopropanol: Water
(65:25:10) as mobile phases for crocetin and crocin respectively,
and dried. The plates were then scanned using CAMAG Scanner 3
Version 1.14.28 and recorded the areas of crocin peak (Rf ¼ 0.22)
and crocetin peak (Rf ¼ 0.24) from both the standard and the
sample tracks. The concentration of crocetin and crocin in phyto-
somes were extrapolated from the standard curves of crocetin and
crocin respectively.
2.5.2. Determination of phospholipid content
The phospholipid content of the phytosomes was determined

using colorimetric method.10 In brief 50mg of phosphatidyl choline
was dissolved in 50 ml of chloroform (1000 ppm). From this solu-
tion aliquot 10 ml was diluted to 100 ml using chloroform to get
concentration of 100 ppm. From the solution of 100 ppm through
serial dilutions various concentrations were prepared in the range
of 10e100 ppm. The sample was prepared by sonicating 1000mg of
the phytosome with about 40 ml of chloroform for 15 min and
made up the volume to 50 ml with chloroform. The suspensionwas
filtered and 5 ml the aliquot was utilized for color development.
The color was developed by mixing 5 ml of aliquot of each con-
centration of standard solutions and the sample with 2 ml thiocy-
anate reagent, using vortex mixer. The red colored lower layer was
removed using Pasteur pipette and the absorbance was read at
488 nm (Elico-spectrophotometer (SL 159)) against the reagent
blank. The concentration of phosphatidyl choline in phytosomes
was extrapolated from the calibration curve.
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2.5.3. Determination of cholesterol content
Cholesterol content in the phytosomes was determined by

colorimetric method11 . The standard solution of cholesterol was
prepared by dissolving 400mg of cholesterol R.S. in 50ml isopropyl
alcohol. The solution was appropriately diluted to get the concen-
trations of cholesterol in the range of 10e400 mg/ml.

The sample was prepared by sonicating 1000 mg of the phyto-
somes with about 10 ml isopropyl alcohol for 15 min. The sus-
pension was then filtered and utilized for color development. The
color was developed by mixing 5 ml of each concentration of
standard solution and the sample with 3 ml of glacial acetic acid,
0.3 ml iron solution and 3 ml of concentrated sulphuric acid. The
solutions were mixed thoroughly using vortex mixer and absor-
bance values were read at 560 nm (Elico-spectrophotometer (SL
159) against the reagent blank. The concentration of cholesterol in
phytosomes was extrapolated from the standard curves.

2.6. Stability studies on the gel formulation

The formulation containing phytosomes of crocetin and NAT
extract were subjected to accelerated stability studies as per ICH
guidelines. These formulations were stored at 25 ± 5 �C with 60%
relative humidity and 45 ± 5 �C with 75% relative humidity for
duration of 12 weeks. The samples were withdrawn at interval of
four weeks and were evaluated for the content of phosphatidyl
choline, cholesterol, crocin and crocetin using the above described
analytical methods.

2.7. Pharmacological evaluations

The pharmacological evaluations included evaluation of wound
healing activity. The studies were carried out with the due approval
of Institutional Animal Ethics Committee (SVBCP/IAEC/PG/11e12/
40). All the studies were carried out on Wistar albino rats
(150e200 gm) of either sex maintained in clean propylene cages,
under standard environmental conditions of temperature 27 ± 2� c,
60% RH and light edark cycle of 12 h, fed with standard diet and
water ad libitum.

2.7.1. Preparation of formulations
The gel base was prepared by dispersing 1 gm of Carbopol ® in

98 gm of distilled water followed by continuous stirring using
magnetic stirrer till uniform milky colloidal solution was obtained.
To this solution, glycerin (1 gm)was added and the pHwas adjusted
to 6e7 using triethanolamine to get gel consistency.11 Two for-
mulations were prepared viz. F1 containing phytosomes of NAT
extract (equivalent to crocin 1% w/w) and F2 containing phyto-
somes of crocetin (equivalent to 1%w/w crocetin) were prepared by
incorporating the phytosomes in the Carbopol gel base.

2.7.2. Acute dermal toxicity
Acute dermal toxicity of gel base and the formulations F1 and F2

was evaluated as per OECD guidelines no 402.12 The animals were
divided into three groups viz. Gel Base, F1 and F2. In brief, two
patches of area about 1 cm2 were marked on the shaven back of the
animals. The gel base and formulations F1 and F2 were applied on
the marked area. The entire trunk was wrapped with impervious
material for 24 h. At the end of 24 h, the patches were removed and
skin was observed for any visible changes such as erythema or
edema. Observations were repeated after 72 h.

2.7.3. Evaluation of wound healing activity
In all the models of wound healing, the animals were grouped

into four main groups viz. two control groups, standard and test
with six animals in each group. The control groups were treated
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with the gel base alone and a gel base containing the blank phy-
tosomes. The test groups involved treatment of wounds with the
formulations F1 and F2, containing gels with phytosomes of NAT
extract (equivalent to 1% W/W crocin), and crocetin phytosomes
(equivalent to crocetin 1% w/w) respectively. The standard group
was treated with the Betadene ® (Povidone Iodine 5% w/w, Win
Care Pharmaceuticals). Evaluation of wound healing activity was
carried out in acute wound healing models in rats viz. excision and
incision wound healing models.
2.7.4. Excision wound model
Full thickness circular wounds (area approximately 500 mm2)

were inflicted on the shaved dorsal thoracic region under Ether
anesthesia and the animals were housed individually in clean
propylene cages. The wounding day was considered as day zero.
The wounds were cleaned sterile water and the groups were
treated with the respective gel formulations. Healing of thewounds
were assessed by tracing area of wound on transparency sheets on
day 4, 8, 12, 16 and thereafter on alternate days until healing was
complete.13
2.7.5. Incision wound model
Two paravertebral incision wounds of 6 cm in length of full

thickness of the skinwere inflicted on either side of the shaved back
of anaesthetized rats and the incisions were closed with inter-
rupted sutures of 1 cm apart with thread (No.000) and curved
needle (No.09). This wounding day was considered as day zero. The
various groups were treated with the respective gel preparations
for the period of 10 days. The sutures were removed on 8th post
wounding day and breaking load of newly formed skin was
measured on the 10th day by Tensiometer.14,15 The weight in gm
required to break open the healed skin is recorded as breaking load.
2.7.6. Estimation of hydroxyproline and histopathological studies
For determination of hydroxyproline and histological examina-

tion, new set of animals were utilized and excision wounds were
inflicted and treated as described in 2.7.3. On day 11, the granula-
tion tissue was removed and the part of the tissue was utilized for
histopathological studies. The granulation tissues collected on day
11 were dried in oven. The hydroxyproline content in the granu-
lation tissues was determined by utilizing colorimetric method.16 In
brief, the granulation tissue was hydrolyzed by digesting with 6 N
hydrochloric acid at 110 �C for 3 h, followed by reacting with Ehr-
lich's reagent (p- Dimethyl amino benzaldehyde in perchloric acid)
to develop red color. The color was read at 558 nm (Elico-spec-
trophotometer (SL 159)) against the reagent blank. The content of
hydroxyproline was extrapolated from the calibration curve for
Hydroxyproline (R.S.).

For histopathological studies the granulation tissues were
embedded in wax and sections were taken using microtome. The
sections were stained with haematoxylin. The collagen was iden-
tified using Van Gieson stain.17 These histopathological studies
were carried out at Unique Bio-Diagnostics Enterprises (Veterinary
Pathology Laboratory), Parel, Mumbai, India.
2.8. Statistical analysis

The data obtained from experiments is presented as
mean ± standard error of mean (SEM). The animal experiments
involved six animals in each group. The data was analyzed using
one way ANOVA followed by Dunetts test for comparison. The
values of P < 0.05 were considered as statistically significant.



Fig. 1. Stability studies on gel formulation containing phytosomes of Nyctanthes arbor-
trisits extract (Equivalent to 1% w/w of crocin).
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3. Results and discussion

The mean content of crocin in NAT extract, as estimated by the
HPTLC method was found to be 36.57% w/w. [Fig S2]. The molecule
is an apocrotenoid which has highly conjugated double bonds and
hence, there is a stability issue. It gets oxidized fast and prevents
oxidation of other substances, hence it acts as an antioxidant. In the
present study, the stability of the compound is increased by
entrapping it into the vesicles of phosphatidyl choline and
cholesterol, which are called as phytosomes.18

NAT extract containing crocin was hydrolyzed by treating with
acid. This results in release of crocetin. The crocetin is then parti-
tioned into non polar solvent like diethyl ether. Further purification
of crocetin was carried out by preparation of sodium salt through
reaction with sodium bicarbonate and then regeneration of croce-
tin by acidifying the solution containing sodium salt. The isolated
crocetin was then utilized for further studies.

Preparation of phytosomes was optimized by varying the ratio
phosphatidyl choline and cholesterol to get maximum entrapment.
The optimum ratio of phosphatidyl choline and cholesterol was
found to be 2:1, as it yielded maximum entrapment of NAT extract
equivalent to crocin to be 34.4% w/w and crocetin (I) to be 71.4% w/
w [Fig. S4] in phytosomes. The material balance for the extract
crocetin phytosomes is presented in Table 1.

The FT-IR spectra of crocetin and its phytosomes indicate the
presence 2852.26 cm�1 and 2930.32 cm�1 corresponding to
phosphatidyl choline and cholesterol forming bond with crocetin
as a part of entire phytosome apart from all the peaks of crocetin.
(Fig. S3).

The gel preparation containing phytosomes of Crocetin (Equiv-
alent to crocetin 1% w/w) was found to be stable in the accelerated
stability studies as the mean content of crocetin in the gel prepa-
ration was found to be 93.13 and 90.38% w/w at the end of 12 th
week, when stored at 25 �C/60 %RH and 45 �C/75 %RH respectively.
In case of the gel containing NAT extract (equivalent to 1% crocin),
themean crocin content was observed to be 91.5 and 90.65%w/w at
25 �C/60 %RH and 45 �C/75 %RH respectively at the end of 12 th
week. (Fig. 1). The contents of phosphatidyl choline and cholesterol
were found to be in the range of 92e97%w/w after storage at 25 �C/
60 %RH and 45 �C/75 %RH (Fig. 2).

Wound healing potential of gel preparations containing phyto-
somes NAT extract (equivalent to 1% w/w of crocin) and Crocetin
Table 1
Effect of topical application of gels containing phytosomes of Crocetin and NAT Extract o

Groups % Mean Wound contraction ± SEM

Day
4

Day
6

Day
8

Day 10 Day 12 Day 14

CT 20.84 ± 2.20 28.50 ± 1.50 40.89 ± 1.31 51.02 ± 1.52 57.84 ± 1.45 70.3 ± 1.80

CT1 22.50 ± 2.13 30.05 ± 1.45 48.91 ± 3.02 60.12 ± 2.13 75.63 ± 1.56 81.90 ± 1.4

STD 51.83 ± 1.10 61.69 ± 1.15 89.84 ± 2.10 93.59 ± 0.21 100*** 100***

F1 32.09 ± 1.00 43.36 ± 1.38 54.48 ± 1.20 62.05 ± 1.31 79.63 ± 0.95 86.04 ± 0.7

F2 52.77 ± 2.31 65.81 ± 2.20 92.13 ± 0.16 99.13 ± 0.16 100*** 100***

Number of animals in each group n ¼ 6, CT: Control without any treatment; CT1: Con
containing 5% Povidone Iodine; F1: Gel formulation containing phytosomes of NAT (N
containing phytosomes of Crocetin (equivalent to 1% w/w of crocetin). ***P < 0.001, **P
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(1% w/w) were evaluated in rats using excision and incision wound
models.

There are three major overlapping phases of wound healing
process. The first phase is homeostasis which involves formation of
provisional wound matrix followed by inflammatory response. The
first phase includes initiation of different clotting cascades, acti-
vation of thrombocytes, infiltration of leucocytes due to release of
cytokines growth factors in turn leading to the activation of the
inflammatory process. The phase lasts for about 2e5 days.19e21 The
untreated group wherein the wound was allowed to heal with the
physiological process indicated about 20e21% contraction while
the process was found to be accelerated in case of wound treated
with F1 (equivalent to 1% Crocin) and F2 (equivalent to 1 %w/w
crocetin), as the % contractions the wound area were significantly
(P < 0.001) higher than the control group. Crocin is reported to have
anti-inflammatory activity6 which may be contributing to the ac-
celeration of contraction in the first phase of the wound healing
process. The standard group also indicated significant (P < 0.001)
increase in the % contraction in wound area, as compared to the
control through controlling infection as the compound povidone
iodine is an antimicrobial agent and commonly used in clinical
practice (Table 1).

The second phase of wound healing is proliferative phase and it
starts from about day 3 and lasts till day 10, from the day of
wounding.22,23 In this phase, the process of healing is through
covering of wound surface, formation of granulation tissue and
n wound contraction of excision wounds inflicted in albino rats.

Epithelization period
(days)
Mean ± SEM

Hydroxyproline content (mg/
500 mg)
Mean ± SEM

Day 16 Day
20

83.51 ± 0.60 86.40±
0.10

26 ±
1.06

9.19±
0.56

3 88.95 ± 1.21 92.31±
0.15

21 ±
1.06

8.74±
0.6

100*** 100*** 12 ±
1.06***

20.35±
0.56*

3 98.03 ± 0.52 100*** 19 ±
1.06***

16.36±
0.51*

100*** 100*** 9 ±
0.73***

27.25±
0.54*

trol treated with gel base containing blank phytosomes, STD: Betadiene ointment
yctanthes arbor-tristis)Extract (Equivalent to 1% w/w crocin), F2: Gel formulation
< 0.01, *P < 0.05 when compared with control group.



Fig. 2. Stability studies on gel formulation containing phytosomes of Crocetin
(Equivalent to 1% w/w of crocetin).

Fig. 4. Effect of treatment of incision wounds with F1, F2 and Betadine on breaking
strength of healing skin of rats.
#P < 0.001 When compared with CTRL and BLK; @ P < 0.1 When compared with F1.
Groups: CTRL: Control (treated with gel base), BLK: Blank (treated with gel containing
blank phytosomes), STD: standard (treated with Betadine® containing 5% Povidone
Iodine), F1: Gel formulation containing phytosomes of Nyctanthes arbor-tristis extract
equivalent to crocin 1% w/w, F2: Gel formulation containing phytosomes of crocetin
equivalent to crocetin 1% w/w.
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restoring of vascular network. In case of Control group the physi-
ological healing process indicated about 50e51% contraction of the
wound area, while the treatment with the standard preparation viz.
Betadiene ® and wounds treated with the F2 (crocetin 1% w/w),
indicated more than 90% of contraction of wound area, and the
treatment with F1 (Equivalent to 1% crocin) indicated about 60%
reduction in the wound area on day 10 from the infliction of the
wound (Fig. 3).

The results presented in Table 1 indicate that the highest con-
tent of hydroxyproline (27.25 mg/500 mg) was obtained in wounds
treated with the F2. The control groups indicated hydroxyproline
levels in the range of 8e9 mg/500 mg. The formation of granulation
tissue was revealed through the content of hydroxyproline in the
granulation tissue formed on the wound on day 10. Hydroxyproline
is an amino acid acts as a precursor for synthesis of collagen.
Collagen synthesis forms an essential aspect of strength of repaired
skin.24 The content of hydroxyproline in the group of animals
treated with standard and F1 were also found to be significantly
(P < 0.001) higher than the control group.
Fig. 3. Effect of topical applications of F1, F2 and Betadine on contraction of excision woun
Control group treated with gel containing blank phytosomes, Standard group treated with
extract phytosomes (equivalent to 1% crocin w/w), F2 Group treated with Gel containing is
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In case of incision wound model, the progress of healing of the
wounds was monitored by determined by estimating breaking load
of the healed skin/repaired skin on day 11 later infliction of the
wounds. It is weight in grams required to break open the repaired
skin after removing the sutures. The mean breaking loads of the
wounds treated with F2 and F1 were found to be about 2.5 and 2
times higher than the control group (328.8 gm), indicating healing
of the skin (Fig. 4). Incision wound model simulates surgical
wounds and clinical increased intra-peritoneal pressure which
contributes to dehiscence. The common parameter utilized for
assessment of healing of these types of wounds is measurement of
breaking strength of the healed skin.25 It is the weight in gm
required to tear the skin. The higher the weight required to tear the
skin indicates higher tensile strength and acceleration of healing.
d in rats.
Betadine containing 5% w/w Povidone Iodine, F1 Group treated with gel containing

olated phytosomes containing 1% w/w crocetin.



Fig. 5. Histopathological studies on granulation tissue collected on day 11, obtained through treatment of excision wounds with F1, F2 and Blank phytosomes. CTRL control group
treated with gel containing blank phytosomes, F1 Group treated with gel containing extract phytosomes (equivalent to 1% crocin w/w), F2 Group treated with Gel containing
isolated phytosomes containing 1% crocetin, F2eV Group treated with gel containing phytosomes of crocetin (equivalent to 1% w/w) stained with Van Gieson stain.
( ) Epithelization ( ) Inflammatory cells ( ) collagen.
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Highest weight of 857 gmswas required to break own thewound in
case of wounds treated with F2, indicating good healing and
improvement in the tensile strength of the wound. The property of
Crocin to inhibit collagenase enzyme and upregulation of Collagen
type 1 enzyme support the production of collagen and in turn
improving the strength of the repaired skin.

During the proliferative phase oxidative stress of vascular cells is
increased.26 Treatment of the wounds with F1 and the F2 led to
significant increase in the rate of wound closure in the proliferative
phase which may be due to reduction in the oxidative stress in the
wound as the formulations contain carotenoids and these are good
antioxidants.

The last phase is remodeling phase involving changes in the
extracellular matrix and synthesis of collagen I by replacing
collagen III, produced in the proliferative phase. This process can
last for about one year. Period of epithelization is the number of
days required for fall of eschar from thewound indicating complete
closure of wound.27 The lesser the number of days required as
compared to the control group indicating the physiological healing,
the better is the process of wound healing. Wounds treated with
the F2 indicated least number of days for epithelization, as
compared to the wounds in control group (26 days), revealing
promotion of wound healing process.

The results presented in Fig. 5 indicated that wounds treated
with F2, the granulation tissues contained comparatively few in-
flammatory cells, and greater collagen, fibroblast and proliferating
blood capillaries compared with control group. The higher collagen
content of wounds as assessed by the Haematoxylin and Eosin stain
was better highlighted upon staining with Van Gieson.28 Staining
with Van Geison stain indicates staining of newly deposited
collagen fibers in blue/green color. In addition, the alignment of the
collagen fibers was also much better in wounds treated with the F1
and F2, also these were compact and parallel to the surface of the
skin. Treatment with the F1 and F2, it is also observed to stimulate
and enhance the lay down of collagen fibers and new blood vessels
in granulation tissue as compared to placebo-treated control group.
Collagen content was found increasing in wounds treated with
formulations in the following order: CT < F1 < STD < F2. The
molecule crocin is reported to have anticollagenasae activity and
the molecule up regulates the expression of Collagen type 1 gene.6 .
4. Conclusion

The stability of crocin an apocarotenoid in orange colored
tubular calyx could be enhanced by entrapping in phytosomes and
359
the aglycon crocetin indicated good entrapment efficiency. The
studies revealed that crocetin an apocarotenoid isolated from NAT
extract and the NAT extract have potential in promotion of wound
healing process. Crocetin has better potential as compared to the
NAT extract.
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