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Abstract

Wound healing is a coordinated biological process involving inflammation, proliferation, collagen deposition,
angiogenesis and tissue remodeling. The present study evaluated the wound-healing activity of an ethanolic extract of
Gloriosa superba (Agnishikha) using phytochemical investigation and experimental wound models in Wistar albino
rats. The extract was prepared by Soxhlet extraction and screened for major phytoconstituents. Wound-healing activity
was assessed through excision, incision and dead-space models using wound contraction, epithelization time, wound-
size reduction, hydroxyproline, total protein, antioxidant parameters and histopathology as outcome measures. The
extract produced improved wound contraction, shorter epithelization time, enhanced collagen-related biochemical
indices and improved antioxidant status compared with the control group. Histopathological observations showed
improved re-epithelialization, collagen deposition, vascularization and granulation tissue formation. These findings
support the wound-healing potential of Gloriosa superba and justify further standardization, safety evaluation and
mechanistic investigation of its active constituents.
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Introduction

Wound healing restores the structural and functional
integrity of injured tissue through overlapping phases
of hemostasis, inflammation, proliferation and
remodeling. Delayed healing may result from
infection, oxidative stress, impaired vascular supply
and systemic disorders, creating a need for treatments
that support tissue repair while limiting inflammation
and microbial complications. Medicinal plants are
widely investigated because their alkaloids,
flavonoids, tannins and phenolic compounds can
provide complementary antioxidant, anti-
inflammatory and  tissue-regenerative  actions.
Gloriosa superba is a traditionally used medicinal
plant containing biologically active constituents and
was therefore selected in the present study for
experimental evaluation of wound-healing activity.

Methods
Collection and Authentication of Plant Material
Plant: Gloriosa superba
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Site of Collection:

The plant part of Gloriosa superba was collected from
Pune, Maharshtra, India.

Method for Extraction:

Soxhlet Extraction:

Gloriosa superba powder (100.0 g) was weighed and
extracted by ethanol using Soxhlet apparatus.
Extraction was performed for 8 cycles and temperature
was kept at 65 °C. Solvent was evaporated and extract
was further dried at 40 °C for 24 h. Obtained extract
was put in glass vials, sealed and stored at —18 °C prior
analysis [73].

Percentage extractive yield

After extraction, the filtrate was concentrated and
dried to obtain a constant weight of the extract (W2).
The weight of the initial dried plant material (W) was
noted. The percentage extractive yield was then
calculated using the formula [74]:

% Yield = (W2/ W) x 100
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Preliminary phytochemical screening [75-77]

Table 2: Preliminary phytochemical screening for

Gloriosa superba

pink or red when you add
ammonia

Sr.

Test name Procedure
no
Boiled together 2 ml of
Carbohydrates oiled oge. e o
extract solution and 2 ml
Test . .
A) Fehling’s of Fehling's solution (a
test g mixture of Fehling's
es

solution A and B). brick
red precipitate formed.

B) Barfoed’s

2ml extract + 0.5 ml
benedict’s reagent +
boiled for 2 min. The

test .
solution may be green,
yellow, or orange
2-3 ml of test soluti
Alkaloid Test 3 ml of test solution
and 0.1 ml of
A) Dragendroff's  reagent
Dragendroff’s & . sent
test production of an orange-

brown precipitate shows
that alkaloids are present

Flavonoid Test A few drops of 10% lead

A) Lead acetate are added to the
acetate | test extract.  Getting
test yellow colour

Extract solution + few
B) Ferric drops 10 % ferric
chloride | chloride solution. Green
test ppt may form if test is
positive

Extract + few drops of

Steroids Test conc. H>SOas. The
Salkowski’s test | reddish-brown color may
formed

2 ml of extract mixed
with 1 ml of a 5% ferric

g;nmrll.s & chloride solution. A deep
enotie blue-black colour shows
compounds

that Tannins & Phenolic

B) Wagner’s test

2ml extract + 1-2
drops of Wagner’s
reagent (along the
sides of test tube). The
presence of alkaloids
is shown by the
production of a
reddish-brown
precipitate.

Glycosides Test
A) Keller Killani
test

1 ml extract + 1.5 ml
glacial acetic acid + 1
drop of 5 % ferric
chloride + conc.H2SOs.
Blue colour formed when
test is present.

B) Borntrager’s
test

Add 3 ml of test extract to
sulfuric acid, boil, and
then filter it. Add the
equal quantity of
chloroform, shake. The
ammonical layer turns
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compound present
TLC for Phytoconstituents

A small amount of the plant extract is dissolved in a
suitable solvent. A TLC plate coated with silica gel is
taken, and a small spot of the sample is applied near
the base line using a capillary tube. The plate is then
placed in a developing chamber containing an
appropriate mobile phase solvent system. After
development, the plate is removed, dried, and the spots
are visualized under UV light or by using detecting
reagents. The Rf value of each spot is calculated to
identify the components present in the sample [78].

Table 3: TLC for phytoconstituents

Phytoconstituents Mobile phase

. Toluene: methanol
1. Alkaloids

9:1
. n-hexane: ethanol
2. Flavonoids '
6:4
3. Tannins and Butanol:Acetic
phenolic acid:water
compounds 6:3:1

Column Chromatography [79-81]
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Column chromatography was performed on silica gel
(60-120 mesh) using n-hexane, ethyl acetate and
ethanol in sequence. Fractions were collected at a
controlled  flow rate and screened for
phytoconstituents; active fractions were further
examined by TLC.

In vivo animal study

The concentrated extract was further dried to obtain a
semisolid mass and stored in airtight amber-colored
containers at refrigerated temperature until used for
pharmacological evaluation.

Chemicals and Drugs Used

The following standard drugs and reagents were used
during the study:

Table: Chemicals and Drugs used

Sr.
r Drug/Chemical Purpose
No.
1 Povidone-lodine Standard wound
ointment healing agent
Anti-infl t
2 Diclofenac HH-ammatoty
agent
Nitrofurazone Sta.nd?lrd . .
3 . antimicrobial healing
olntment
agent

4 Chlorhexidine Antiseptic agent

5 Ketamine Anesthetic agent
. M 1 1 t
6 Xylazine uscle .re axant and
anesthetic
109 Neutral
7 o e Tissue fixation

Buffered Formalin

8 Ethanol (70%)

Skin sterilization

Experimental Animals [82-85]

Healthy adult Wistar albino rats (150-250 g) were
maintained under standard laboratory conditions with
food and water ad libitum and acclimatized before
experimentation. All procedures were performed in
accordance with CPCSEA requirements after approval
of the Institutional Animal Ethics Committee.
Experimental Design [86-106]

The animals were randomly divided into the following
experimental groups:

Table: Experimental design

Group | Treatment

Group | Control group (Standard wound care/No
I treatment)

Group | Standard treatment group (Povidone-
II Iodine or Nitrofurazone ointment)
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Group | Test extract/formulation of Gloriosa
I superba

Group
v

The treatment was continued daily for 21 days
depending upon the wound model employed.
Experimental Models
The wound healing activity of Gloriosa superba was
evaluated using the following in vivo wound models:
1. Excision wound model
2. Incision wound model
3. Dead space wound model
Excision Wound Model
For the excision model, anesthetized rats received a
standardized  full-thickness dorsal wound of
approximately 500 mm?. Test and standard treatments
were applied daily, and wound area was recorded on
scheduled days to calculate percentage wound
contraction and epithelization time.
Incision Wound Model
For the incision model, a standardized paravertebral
incision was sutured under aseptic conditions.
Treatments were administered during healing, sutures
were removed after wound closure, and tensile
strength was assessed to estimate collagen maturation
and tissue repair.
Dead Space Wound Model
For the dead-space model, sterile implants were placed
subcutaneously under anesthesia to induce granulation
tissue. After treatment, granulation tissue was
collected for wet/dry weight and biochemical
estimation of collagen-related and antioxidant
parameters.
Parameters for Evaluation
A. Physical Parameters
1. Percentage Wound Contraction
Wound contraction was calculated from the reduction
in wound area at predetermined intervals.

Test extract at different dose/formulation

N . Initial wound area - Specific day wound area
Percentage Wound Contraction = — x 100
Initial wound area

2. Epithelization Time

Epithelization time was recorded as the number of
days required for complete closure and separation of
the eschar.

3. Wound Size Reduction

Wound size reduction was measured by the graph-
paper/tracing method.

4. Scar Formation Assessment

Scar quality was assessed by visual examination of
healed tissue.

Biochemical Parameters

Hydroxyproline Estimation

Hydroxyproline in granulation tissue was used as an
indirect indicator of collagen content.

9.2 Total Protein Estimation
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Total protein content of granulation tissue was
estimated as an index of tissue regeneration.

9.3 Antioxidant Activity

Superoxide dismutase (SOD), catalase and reduced

glutathione (GSH) were estimated to assess
antioxidant status.

Histopathological Evaluation

Granulation tissue and surrounding skin were

collected on predetermined days, fixed in 10% neutral
buffered formalin, processed, sectioned and stained
with hematoxylin and eosin for microscopic
examination.
Results
Collection and Drying of plant
Gloriosa superba plant material collected from Pune,
Mabharashtra, was shade-dried, powdered and used for
extraction and subsequent evaluation.
Percentage extractive yield

Table 6: % extractive yield

Sr. Percentage
lor | Nat
No, | Color | Nature |y, 14 (% W/W)
Dark
1. A1 Semisolid | 12.48%
Brown

The ethanolic extract was a dark-brown semisolid with
an extractive yield of 12.48% w/w.

6.2. Preliminary phytochemical screening

Table 7: Preliminary phytochemical screening for

’s | Reddish
B) Wagner’s | Reddis Alkaloids
test brown
.. present
precipitate
\ i N \
Glycosides 0 blue Cardiac
Test colored lycosides
A) Keller | solution ( in gy
o absent
Killani test the layer)
. Anthraqui
B) ’ No pink or n raqul.non
Borntrager’s e glycosides
red colour
test absent
id Test
Fl1 i
A) Lead Yellow avonoid
colour present
acetate test
B)  Ferric | Green Flavonoid
chloride test | precipitate | present
Steroids Test | No red
A) colour Steroids
Salkowski’s | (in  lower | absent

test

layer)

Tannins &

Tannins &

. Deep blue- | Phenolic
Phenolic
black colour | compounds
compounds
present
Phytochemical  screening indicated alkaloids,

flavonoids, tannins and phenolic compounds, whereas
carbohydrates, tested glycosides and steroids were not
detected.

Gloriosa superba

Sr
"
Test name Observatio Result
no n
Carbohydrate
hydrat
s Test . No brick red Carbohydrate
A) Fehling’s reciitate s
test: precip absent
Carbohydrat:
B) Benedict’s arbollydrate
No orange | s
test
colour absent
Alkaloid Test
A) Orange- .
Alkaloid
Dragendroff” | brown A01es
.. present
S test precipitate

TLC for Phytoconstituents

Table 8: TLC for phytoconstituents
Rf
TL lat
Phytoconstituents valu | | C plate
image
e
a) Alkaloids
b) Flavonoids
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T
e
s
t
C) Tannin Fern(.:
s and chloride
phenoli 0.24 test
4 Lead
c
a
compo
unds ¢
e
a
tl - - - - -
e
t
Phytochemical tests for fractions e
Table 9: Phytochemical tests for fractions of S
column chromatography ¢
n- Eth
Steroids
S Hex' Elth yl . . Test
r. | Test - ane: 1y At | Eth Salkows
Hex | Ethy | acet | ate: N
n | name anol ki’s test
ane |1 ate | Eth -
0 Tannins
acet anol
ate &
6 | Phenolic | - - - - -
Carbohy enotie
compou
drates
Test - - - - - nds
1 | Fehling’ Fraction screening showed prominent alkaloidal
cehling constituents across several solvent fractions, while
s test flavonoids were detected in the ethyl acetate:ethanol
Benedict fraction.
’s test ) ) ) ) ) TLC for active fractions
Alkaloid Table 10: TLC for active fractions
Test
Dragend | - + + + + Phytoconstituents Rf TLC plate
2 | roff's value | image
test
Wagner’
+ + + + +
S test
Glycosi A) n-Hexane
des Test 1. Alkaloids
Keller - - - - -
3 | Killani
test
B?rritratg - - - - - B) n-Hexane:
;rls e Ethyl acetate
avone. 1. Alkaloids
4 i| - - - + -
d
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C) Ethyl acetate
1. Alkaloids

D) Ethyl acetate:
Ethanol
1. Alkaloids
2. Flavonoids

E) Ethanol
1. Alkaloids

Table: Effect of Gloriosa superba Extract on
Epithelization Time

Sr . Day Day Day
In vivo animal study Experime 0 Day 7 14 21
ntal (mm?
(mm (mm? | (mm?
Evaluation of Physical | o | GTOUP 2) ) ) )
Parameters
Table: Effect of Gloriosa Control S00. 1 342.1 ) 186.4 | 84.25
superba Extract on | ! Group 00 £18 &7 =+ &
Percentage Wound 0.00 8.24 6.82 4.18
Contraction in Excision 2083 | 68.14 | 4.28
Wound Model Standard |22 |4 L]+ N
+
2 Group 00 6.42% | 4.26* | 0.84%*
Test 500. 246.5 | 92.48 | 18.54
3 Extract 00 + il b *
7.18% | 5.14* | 1.28%*
Group 0.00 | , - s
Sr . . cr de . .
Experime Dav3 | Day7 Day Day Sr. Experimental Epithelization Time
N ntal (0/))7 (0/))7 14 21 No. | Group (Days)
o | Group ° V%) | (%)
18.42 | 36.81 | 61.47 | 82.18 1 Control Group 22.48 +£0.64
Control
! Grou * * * *
P 125 | 184 |222 |204
32.68 | 58.74 | 86.35 | 99.14 2 Standard Group 14.22 4 0.48%**
) Standard + + + +
Group 1.48% | 2.11* | 2.38% | 1.06*
S I T 3 Z}e“ Extract | ¢ 374 0 504
Test 27.45 [ 5126 | 79.42 | 95.72 roup
3 | Extract + + + + Values are expressed as Mean + SEM (n = 6)
1.36*% | 1.94* | 2.17* | 1.48* **p < 0.01, ***p < 0.001 compared with control
Group * * kk kk gI‘Oup .

Values are expressed as Mean + SEM (n = 6)
**p < 0.01, ***p < 0.001 compared with control

group.

Percentage Wound Contraction (Day 21)
Figure: Percentage wound contraction
Values are expressed as Mean = SEM (n = 6).
Significance: ***p < 0.001 compared with control

group.

Table: Effect of Gloriosa superba Extract on
Wound Size Reduction

Values are expressed as Mean + SEM (n = 6)
**p < 0.01, ***p < 0.001 compared with control
group.

Table: Scar Formation Assessment

Sr. | Experimental

No. | Group

Observation
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1 Control Group Thick scar f.ormation with
delayed healing
) Standard Minimal scar formation
Group with complete healing
3 Test Extract | Mild scar formation with
Group satisfactory healing

Evaluation of Biochemical Parameters
Table: Effect of Gloriosa superba Extract on
Hydroxyproline Content

Sr. | Experimental | Hydroxyproline
No. | Group Content (mg/g tissue)

1 Control Group | 38.42+ 1.48

2 Standard Group | 72.68 + 2.14***

3 Test Extract 65.24 + 1.86%**
Group

Values are expressed as Mean + SEM (n = 6)
**%p < 0.001 compared with control group.

Table: Effect of Gloriosa superba Extract on Total
Protein Content

Total Protein Content
(mg/g tissue)

Sr. | Experimental
No. | Group

1 Control Group 42.18+1.24

2 Standard Group | 78.42 +2.18%**

3 Test Extract 70,36 4 1 92

Group

Values are expressed as Mean + SEM (n = 6)
**%p < 0.001 compared with control group.

Table: Effect of Gloriosa superba Extract on
Antioxidant Parameters

Sr. Contr Test
Standar | Extrac
No | Parameters | ol
Grou d Group | t
P Group
14.68
1 SOD (U/mg | 824 +| 16.82 + |+
protein) 0.42 0.74*%* | 0.66**
*
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30.46
1842+ | 3428 + | +
0.84 L.12%** | 1.08%*

%

Catalase
2 (umol/min/
mg protein)

22.68
3 GSH (ug/mg | 12.38+ | 2542 + | +
tissue) 0.56 0.94%%* | (.88**

k

Values are expressed as Mean + SEM (n = 6)
**%p < 0.001 compared with control group.
Histopathological Evaluation

Separated Histopathological Images

Day 7

Control Group

S a t
S——% I cor}'lple‘e. .
: re-epithelialization

Complete
/ re-epithelialization

Marked
/ re-epithelialization

SR S “*‘ 50 um
o :“\\:b:’ L 13‘:‘ ,\' “.‘ .,’btb':
Table Hlstopathologlcal Observations of Wound
Healing Activity

S | Histopath Test
r. | ological Control | Standard
Extract
N | Paramete | Group | Group
Group
0. |r
Re- Markedl
1 | epitheliali | Poor Complete y
. improve
zation
d
11
C.O agen Dense Moderat
Fiber .
2 Depositio Mild collagen e to
n P fibers dense
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Fibroblast
. . . Moderat
3 | Proliferati | Low Extensive .
e to high
on
I
. Poor Extensive fprove
Angiogen d
4 . vascular | neovascul
esis .. . vascular
1zation arization .
1zation
Inflammat
11
s | oY Cell) g iere | Minimal | Mild
Infiltratio
n
G lati
rang a Well Improve
6 | on Tissue | Delayed .
. organized | d
Formation
.. Nearl
Keratiniza | Incompl cary
70 .. Complete | complet
tion ete
e
Statistical Analysis

All experimental values were expressed as Mean +
Standard Error of Mean (SEM) for six animals in each
group (n = 6). Statistical analysis was performed using
one-way Analysis of Variance (ANOVA) followed by
Dunnett’s multiple comparison test. Values were
considered statistically significant at p < 0.05, highly
significant at p < 0.01, and very highly significant at p
<0.001 when compared with the control group.

Discussion

Gloriosa superba extract improved wound contraction
and reduced epithelization time compared with the
control group, indicating faster restoration of skin
integrity. The biochemical findings, including
increased hydroxyproline and total protein, support
enhanced collagen formation and tissue regeneration,
while increased SOD, catalase and GSH suggest
improved antioxidant defense during healing.

The histopathological findings were consistent with
the quantitative observations, showing improved re-
epithelialization, collagen deposition, vascularization
and granulation tissue organization in extract-treated
tissue. The combined phytochemical, biochemical and
histological findings indicate that the observed activity
may reflect the contribution of alkaloids, flavonoids
and other phenolic constituents present in the extract.

Conclusion

The study demonstrates significant wound-healing
activity of Gloriosa superba extract in experimental
models. Improvement in wound contraction,
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epithelization, collagen-related indices, antioxidant
parameters and tissue architecture supports its
potential as a source of wound-healing
phytoconstituents.

Further work should focus on isolation and
standardization of active constituents, dose
optimization, detailed toxicity assessment and
confirmation in well-controlled clinical studies before
therapeutic application.
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