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Abstract: To screen the wound healing activity of oil of Nigella sativa in excision, incision and burn wound models in albino rats. The
seeds of Nigella sativa. (Family Ranunculaceae) were grinded by a suitable grinder and was subjected to continuous extraction with the
steam on steam distillatory. Volatile oil has been separated out and collected in a tightly closed container. The extract was tested for
various preliminary phytoconstituents, the chemical structure has been identified by Infrared spectroscopy (IR) method and screened for
wound healing activity in excision, incision and burn wound models in albino rats at the dose of 5% (v/v), 10% (v/v) in LLP formulation
by topical administration. Oil of seeds of Nigella sativa has shown better wound healing activity in excision, incision and burn wound
models as compared to povidone iodine (used as standard drug in excision and incision wound model) and silver sulfadiazine (used as
standard drug in burn wound model). From the results obtained it can be concluded that extract of seeds of Nigella sativa has

significant wound healing activity.
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1. Introduction

Wound is inescapable events of life. When healing take
place in a direction away from its normal course, it is
common to have non, under or over healing. Treatment
therefore aimed at either shortening the time required for
healing or minimizing the undesired consequences.
Research on wound healing drugs is a developing area in
modern biomedical sciences. Scientists who are trying to
develop newer drugs from natural resources are looking
toward the Ayurveda, the Indian traditional system of
medicine. Several drugs of plant, mineral, and animal
origin are described in the Ayurveda for their wound
healing properties. Most of these drugs are derived from
plant origin. Some of these plants have been screened
scientifically for the evaluation of their wound healing
activity in different pharmacological models and patients,
but the potential of most remains unexplored. In a few
cases, active chemical constituents were identified. Some
Ayurvedic medicinal plants, namely, Ficus bengalensis,
Rubia cordifolia, Pterocarpus santalinus, Ficus racemose,
Glycyrrhiza glabra, Curcuma longa, Centella asiatica,
Euphorbia nerifolia, Aloe vera etc. were found to be
effective in experimental models. Still there is a dearth of
safe, economic and effective pro-healing agents for the
wound management programme, which can enhance
healing as well as control infection.

Mainly there are 3 phases of wound healing:

e Inflammatory Phase (0-3 days): The inflammatory
phase of wound healing begins immediately after injury.
Injury causes disruption of the small vessels in and
around the skin resulting in bleeding. The immediate
response is for the wvessels to constrict, limiting
hemorrhage. After a clot is formed, it soon dissipates
and the blood vessels open up (vasodilatation) to
increase blood flow to the injury site. This occurs about

10 minutes after the injury. This increased blood flow
bringing inflammatory cells to fight infection and other
cells to clean up the damaged tissue. The result is
redness and swelling around the injured site for 2-3
days.

o Proliferative Phase (3-21 days): The proliferative
phase overlaps the inflammatory phase and occurs 3-5
days following injury and lasts for 14-21 days. The
three important segments of the proliferative phase of
wound healing are epithelialization, fibroplasia, and
angiogenesis. Epithelialization is the process of new
skin formation over the injured area. Fibroplasia is the
process of fibroblasts forming and laying down new
collagen. Angiogenesis is the process of forming new
blood vessels.

e Maturation Phase (2 weeks-1 year): The maturation
phase of wound healing is characterized by collagen
remodeling. During the proliferation phase, type IlI
collagen is laid down in a random, disorganized fashion.
Type | collagen, which is a stronger type of collagen,
replaces type Il and the collagen becomes more
organized. Remodeling usually begins about 21 days
after the injury and continues for about a year. The
tensile strength of a wound reaches its peak in 60 days,
but a healed wound will never reach full strength and
may only have 80% of its original tensile strength.

The present work deals with in-vivo evaluation of the
extract (volatile oil) of Nigella sativa extracted by steam
distillation for wound healing activity.

2. Objectives

A prospective and retrospective study of “Chemical
identification of volatile oil of Nigella sativa and
evaluation of it’s wound healing activity.” was undertaken
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at the laboratory of Bharat Technology, Uluberia, West
Bengal with the following aims and objectives.

1. Preliminary phytochemical investigation of extracts
(volatile oil) of Nigella sativa.

2. Infrared (IR) spectral analysis of the extracts (volatile
oil) of Nigella sativa.

3. Oral dose determination of the extracts through acute
oral toxicity studies.

4. Proper formulation determination of the extracts.

5. Investigation of wound healing activity of the extracts
by using following animal models:

a. Wound excision model.
b. Wound incision model.
¢. Burn model.

The following parameters were checked in the present
study to assess the effects of Nigella sativa seed extract on
wound healing:

e Collagenation phase of healing (for this incision wound
model)

e Wound contraction (excision wound model and burn
wound model)

o Epithelization phases of healing (excision wound model
and burn wound model).

3. Methodology

e Experimental Animals:

Albino Wister rats weighing 120-150 gm. of either sex
were used to study in different models. The animals were
procured from animal supplier, 2 weeks prior to study, so
that the animals could adapt to the new environment.
Animal house was well maintained under standard
hygienic conditions, at a temperature (22+2°C), 65%
relative humidity, 12 hr light and dark cycle. Rats were
housed in groups of 4 in polypropylene cages
(32x24x16¢cm). They were provided with commercial food
pallets and tap water. Cleaning and sanitation works were
done on alternate days. Paddy husk was provided as
bedding material, which was changed every day. The
cages were maintained clean and all experiments were
conducted between 10am-5pm.

e Materials:

General surgical materials were obtained from Chatterjee
Scientific Mart, Kolkata.

e Chemicals:

Twin 80, Light liquid paraffin (LLP) were obtained from
Loba Chemie, Aloe vera (standard drug) gel formulation
was obtained from Abhi Natural Products Pvt Ltd, T-
36/38, Bhosari, Pune-26., Povidone iodine i.e. Zylo-P
5%w/v was obtained from Leben Laboratories Pvt. Ltd.,
Sliver sulphadiazine ointment i. e Silverex 1% w/w was
obtained from Rexcin Pharmaceutical Pvt. Ltd.

e Methods:
» Extraction of Nigella sativa Seeds

The powdered seeds of Nigella Sativa were subjected to
successive extraction of volatile oil with the steam of
water on steam distillatory. Volatile oil separated out
along with water, collected in a beaker. The pure volatile
oil is collected from the upper layer of water by an insulin
syringe and collected. Volatile oil has been stored in a
tightly closed container and kept in a cool and dark place.

» Preliminary Phytochemical Investigations of The
Extracts

The oil of Nigella sativa were subjected to qualitative
analysis for various phytoconstituents like alkaloids,
carbohydrates, cardiac glycosides, steroids, triterpinoids,
saponins, tannins, proteins, amino acids, flavonoids,
volatile oils and fixed oils.

< Test for Alkaloids:

The extract (volatile oil) were treated with few drops of
dilute hydrochloric acid and filtered. The filtrate was
tested for the presence of alkaloids.

1.Hager’s test-Extract treated with Hager’s reagent
(saturated picric acid solution), yellow precipitate.

2.Mayer’s test-Extract treated with Mayer’s reagent
(potassium mercuric iodide solution), cream precipitate.

3. Dragendroff’s reagent-Extract  treated with
Dragendroff’s reagent (potassium bismuth iodide
solution), orange precipitate.

4.Wagner’s test-Extract treated with Wagner’s reagent
(iodine-potassium solution), reddish-brown precipitate.

«»Test for Carbohydrates:

Dissolved small quantities of extracts separately with 5ml
of distilled water and filtered. The filtrate was subjected to
Molisch’s test. Extract treated with Molisch reagent (alpha
naphthol in 95% ethanol) and few drops of concentrated
hydrochloric acid at the sides of the test tube, violet ring at
the junction. A small portion of extract was separately
treated with the following ways:

1.Fehling’s test-Extract heated with Fehling’s reagent
(Fehling’s reagent A-Copper sulphate in water and
Fehling’s reagent B-Sodium potassium tartarate), red
colour.

2.Barfoed’s test-Extract heated with Barfoed reagent
(copper acetate in water and glacial acetate), red colour.

3.Benedict’s test-Extract heated with Benedict reagent
(copper sulphate, sodium citrate and sodium carbonate
in water), red colour.

s Tests for Steroids, Triterpenoids and Cardiac
Glycosides:

1.Liebermann-Burchard test-10 mg extracts were
dissolved in 1ml of chloroform; 1ml of acetic anhydride
was added following the addition of 2ml of concentrated
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sulphuric acid from the sides of test tube. Formation of
reddish violet colour at the junction indicates the
presence of steroids, triterpenoids and cardiac
glycosides.

2. Salkowski test-1ml of concentrated sulphuric acid was
added to 10mg of extracts dissolved in 1ml of
chloroform. A reddish brown colour exhibited by
chloroform layer and green fluorescence by the acid
layer suggests the presence of steroids.

3. Noller’s test-5mg of extracts were dissolved in 2ml of
0.01% anhydrous stannic chloride in pure thionyl
chloride. Formation of purple colour indicates the
presence of triterpenoids.

4.Legal’s test-The extracts were treated with sodium
nitroprusside in pyridine and methanolic alkali. The
formation of pink colour indicates the presence of
cardiac glycosides.

5.Keller Killani’s test-5mg of extracts were treated with
Iml of glacial acetic acid and few drops of ferric
chloride solution in a test tube.2ml of concentrated
sulphuric acid was added carefully along the sides of the
test tubes. The formation of reddish brown colour at the
junction of two layers and formation of bluish green
upper layer indicates the presence of deoxy sugar in
carbohydrates.

«»Test for Saponins:

1. Diluted 1ml of extracts separately with distilled water to
20ml and shake in a graduated cylinder for 15min. One
centimeter layer of foam indicates the presence of
saponins

2. Hemolysis test-2ml of 1.8% sodium chloride solution
was taken in two test tubes. To one test tube 2ml of
distilled water was added and to another 2ml of 1%
filtrate. Blood is obtained by pricking the thumb and 5
drops of blood were added to each tube, the contents
were gently mixed and observed under microscope. If
hemolysis occurs then saponins are present.

«»+Test for Tannins:

Diluted small quantities of extracts with distilled water
and subjected to the following tests:

1. Ferric chloride test-Extract treated with ferric chloride
solution, blue colour.

2. Gelatin test-Extract treated with gelatin solution, white
precipitate.

3.Lead acetate test-Extract treated with lead acetate
solution, yellow precipitate.

«»Test for Proteins and Amino Acids:

Dissolved small quantities of extracts separately with few
drops of distilled water and then subjected to the
following tests:

1.Millon’s test-Extracts treated with Millon’s reagent
(mercuric nitrate in nitric acid), red colour.

2. Biuret test-Extracts treated with sodium hydroxide and
copper sulphate solution added dropwise and mixed,
violet colour.

3.Ninhydrin test-Extracts treated with Ninhydrin reagent
and ammonia, heated, violet colour.

4. Sodium bicarbonate test-Extract treated with sodium
bicarbonate solution, brisk effervescence.

«»+Test for Flavonoids:

1.Ferric chloride test-To extracts few drops of neutral
ferric chloride solution, blackish red colour.

2. Lead acetate test-To extracts add lead acetate solution,
yellow precipitate.

3.Magnesium ribbon test-To extracts added few
fragments of magnesium ribbon and concentrated
hydrochloric acid along the sides of test tubes, magenta
colour.

4. Zinc-hydrochloric acid test-To extracts a pinch of zinc
dust was added and concentrated hydrochloric acid
along the sides of test tubes, magenta colour.

«»Test for Volatile Oils:

1. To the thin section of the extract add alcoholic solution
of Sudan Ill. Red colour obtained by globules indicate
the presence of volatile oils.

2. To the thin section of the extract add a drop of tincture
alkane. Red colour indicates the presence of volatile
oils.

s+ Test for Fixed Oils:

1. Mix Iml 1% copper sulphate solution and 5 drops of
extracts. Then add 5 drops of 10% sodium hydroxide
solution. A clear blue solution is obtained which shows
fixed oil is present in the sample. The cupric hydroxide

formed in the reaction does not precipitate out as it is
soluble in fixed oil.

2. Take 5 drops of extract in a test tube and add a pinch of
sodium hydrogen sulphate. Pungent odour from the tube
indicates the presence of fixed oil.

» Infrared (IR) Spectroscopic Analysis of The Qil
Name of Infrared Spectrophotometer:

SHIMADZU

Model of Infrared Spectrophotometer: FTIR-8400S
Phase: Liquid

Solvent: Chloroform

Extracts: The oil under investigation viz Nigella sativa
oil has collected by steam distillation procedure.

> Selection of Dose and Treatment Period

The LLP formulation has been prepared for topical
administration. Nigella sativa oil (5%) in LLP is used as
low dose and Nigella sativa oil (10%) in LLP is used as
high dose for topical use in excision, incision and burn
wound model.
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The treatment period was considered 10 days for incision
wound model and the treatment period was considered till
scar falling of wound in case of excision and burn wound
model.

» Acute Oral Toxicity Study The acute oral toxicity
study was performed according to the OPPTS (Office of
the Prevention, Pesticides and Toxic Substance)
guidelines following Up and Down Procedure.
Male/Female rats of Wister strain (220-240g) were
maintained under controlled standard animal house
conditions with access to food and water. The rats were
acclimatized for 5 days and fasted overnight, food but
not water was withheld; limit and main test were
performed. The Ilimit test is carried out first at
5000mg/kg body weight for one animal and if animal
dies, main test is performed. If the animal survives two
more animals are dosed, if both survives the test should
be terminated. The main test is performed with an initial
dose of 175mg/kg body weight. The following sequence
is followed:

175, 550, 1750 and 5000mg/kg body weights. First one
animal is dosed with 175mg/kg body weight. If animal
dies a much lower dose is tested. If animal survives, then
two or more animals are dosed, after 48hrs. Observation
of the first animal. If survives, then the main test should
be terminated. If animal dies two or more animals are
dosed and observed.

» Evaluation of Wound Healing Activity:
“»Excision Wound Model:

Four groups with total 10 animals were shaved by scissors
and hair removing cream in the right lumber section. After
24 hours they were anaesthetized with chloroform. A
circular piece of full thickness of skin was cut off from on
the shaved area of the rat using a surgical blade and
scissors having 500mm? square area. Bleeding was
arrested using cotton wool. Ethyl alcohol was used as
disinfectant on the wound area. The wounds were left
undressed to open environment. The animals were divided
in four groups. In 5% (v/v) extract gel group and 10%
(v/v) extract gel group contains 6 animals each, povidone
iodine 5% (w/v) group and liquid paraffin base group
contains 6 animals in each group. The animals of each
group were placed in separated cages.5% (v/v) extract gel
and 10% (v/v) extract gel was called low dose (L. D.)
group and high dose (H. D.) group respectively, povidone
iodine and liquid paraffin was called standard group and
control group respectively. Then the drugs i. e.5% (v/v)
LD gel, 10% (v/v) HD gel, povidone iodine 5% (w/v) and
liquid paraffin base were applied topically to the
scheduled animals till the wounds were healed completely.

+Incision Wound Model
Wister male albino rat weighing between 250-275 gm

body weigh were divided into four groups same as
followed in excision wound model.

Para vertebral straight incision of 6 cm length each was
made through the entire thickness of the skin, on either
side of the vertebral column with the help of a sharp
scalpel. After complete homeostasis the wound were
closed by means of interrupted sutures placed at
equidistance points about 1 cm apart. Animals were
treated daily with drugs, from 0 day to 9" post-wounding
day. On 10" day of wounding the wound breaking
strength were estimated by continuous, constant water
flow technique. Allis forceps were firmly applied on either
side of incision wound 3 mm away from wound margin on
adjacent normal skin. The forceps on one side was hooked
to a fixed metal rod while the other forcep was attached to
a thread suspended by weights running over a pulley. As
soon as gapping of the wound occurred, addition of
weights was stopped and simultaneously the weights were
lifted so as to avoid opening of the entire wound. The
weights required to produce gapping were noted.

«*Burn Wound Model

Wister male albino rat weighing between 250-275 gm
were divided into four groups same as mentioned earlier
in excision wound, except here the standard group has
received silver sulphadiazene instead of povidone iodine.

Partial thickness burn wounds were inflicted, on
overnight-starved animals under pentobarbitone (30
mg/Kg) anesthesia, by pouring hot molten wax at 80°C
into a cylinder of 300 mm? circular openings placed on the
shaven back of the animal until the wax get solidified.
Which took about 10-12 minutes then the cylinder with
wax adhered to the skin was removed which left demarked
partial thickness circular burn wound of 300mmZ.
Immediately after the injury and on subsequent days the
drugs or vehicle was applied topically. Apart from the
drug under investigation no local/systemic
chemotherapeutic cover was provided to the animals.

e Statistical Analysis

Results are expressed as meanS. E. M. The differences
between experimental groups were compared by one-way
Analysis of Variance (ANOVA) (control vs. treatment)
followed by Bonferroni’s test and were considered
statistically significant when P<0.05.

4. Results

o Extraction of Nigella sativa Seeds

The successive extraction of powdered seeds of Nigella
Sativa with the steam of water on steam distillatory. The
oil extraction yield from crude Nigella sativa is 12%.

e Preliminary Phytochemical Investigation

The preliminary phytochemical investigation of the extract
(oil) of the medicinal plant Nigella sativa revealed the
presence of following chemical constituents (Table-1)
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Table 1: Preliminary phytochemical investigation of extract (oil) of Nigella sativa

Extract

Chemical constituents present

Nigella sativa extract (NSE)

Steroids, Fixed oils and Volatile oils

o Infrared (IR) Spectroscopic Analysis of The Qil

The Infrared spectra of the oil are shown below:

25
%T
150
75
0
3500 3000 2500 2000
Peak Intensity Corr. Intensity
1 426 28 32 127.26
2 44364 16.76 136.25
3 46872 60.75 61.24
4 47643 4148 62.81
5 501.51 B87.63 867
L] 516 94 6399 402
7 771.58 4907 4279
8 783.13 4823 4938
9 1206 41 258 179
10 1217.12 588 5867
1 1656 61 07 46 43
12 234166 |87.92 6.38
13 2350.02 8218 1447

Comment;

o Acute Oral Toxicity Study

There was no mortality in control groups of rat up to a
dose of 5000mg/kg body weight of the extract (oil) of the
medicinal plant Nigella sativa (Table-2).

Table 2: Acute oral toxicity study of extract (oil) of
Nigella sativa on rats

. Dose mg/kg body weight
Drugs studied 175 | 550 [ 2000 | 5000 Inference
Nigella sativa oil 0 0 0 0 dStc_)p
osing

0 = Survived

) sHIMADZU
!
!
17% 1500 1250 1000 750 500
tlem
Base (H) Base (L) Area Corr. Area
43207 422 42 212 sy
44557 430.78 207 2.51
470 65 466.79 0.26 0.58
49572 47258 456 459
507.3 49765 0.35 0.19
530.44 $13.08 03 0.18
777.34 76577 216 1.74
800 49 779.27 244 2.29
121327 1188.19 224 044
1224 .84 121519 594 444
1668.55 1641 48 0.04 0.22
2347 45 2283.79 1.03 0.82
2389.88 2349 38 147 1.37
Date/Time:  03/0372020 02:17:33 PM

No, of Scans; 30

Resolution;

4 [Vem)

Apodization; Happ-Genzel

User

: FTIR

o Evaluation of Wound Healing Activity
» Excision Wound Model

A significant decrease in period of epithelization was
observed after N. S. E. (5%) and N. S. E. (10%) on
application. Treatment with Povidone iodine (standard)
also significantly reduced period of epethelization as
compared with control group. At the same time N. S. E.
(5%) and N. S. E. (10%) and Povidone iodine also
decreased the wound contraction (50%) as compared with
control. Comparative analysis revealed that N. S. (5%), N.
S (10%) and Povidone iodine had almost equal wound
healing activity (Table-3).
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Table 3: Excision wound model study of oil of Nigella

sativa on rats

. . Wound
Drugs studied Eg:tig(ejl '(Zda;";;] contraction
P Y wc-50% (days)
Control 21.00 + 0.3651 8.608 + 0.457
(LLP)
Povidone iodine 15.833 + 0.542*** 5.660+ 0.375**
el
N.S. EL(F? M) | 1401 +0577%%* 5.381 + 0.264***
——
N.S. EL'S,O M) | 12560 + 0516%** | 4.204 +0.141%**

All values are mean + SEM, n=6, ** p<0.01, *** p<0.001
vs. control

» Incision Wound Model

The breaking strength of 10 day wound was significantly
increased in all treatment groups when compared with
control (Table-4).

Table 4: Incision wound model study of oil of Nigella
sativa on rats

Drugs studied Breaking strength
Control
(LLP Base) 339.2 +3.962
Povidone iodine 423.3 +5.27***
N. S. E. (5%) 476.7 + 6.280%**
N. S. E. (10%) 507.5 + 3.594***

All values are mean + SEM, n=6, ** p<0.01, *** p<0.001
vs. control

> Burn Wound Model

Both N. S. E. (5%) and N. S. E. (10%) applied topically
shorten the period of epithelization significantly when
compared with control. Silver sulfadiazine gel applied
topically shortens the period of epithelization and all the
three also decreased the wound contraction (50%)
significantly as compared with control (Table-5).

Table 5: Burn model study of oil of Nigella sativa on rats

Wound
contraction
wc-50% (days)

Epithelization

Drugs studied period (days)

Control

(LLP Base) 20.50 + 0.500

7.87 +0.320

Silver sulfadiazine 16.16 + 0.401*** 5.37 + 0.275***

N.S. (5%) in LLP

14.33 + 0.614*** 4.31 + 0.225***

N. S (10%) IN

LLP 16.50 + 0.670*** 5.22 + 0.274***

All values are mean + SEM, n=6, ** p<0.01, *** p<0.001
vs. control

5. Discussion

The present study was undertaken to evaluate whether
Nigella sativa seed oil could promote wound healing in
experimentally produced wounds in rats. This observation
substantiates the use of Nigella sativa seeds in folklore
medicine for the treatment of wounds.

The study was designed to investigate the influence of the
oil of Nigella sativa seed on three main phases of wound
healing, namely collagenation, wound contraction and
epithelization.

In the present study the extract applied topically or given
orally promoted the breaking strength the wound
contraction and period of epithelization.

Collagenation, wound contraction and epithelization are
crucial phase of wound healing.

The phase inflammation, macrophasia, fibroplasia and
collagenation are intimately interlinked. Thus an
intervention into any one of these phases by drugs could
eventually lead to either promotion or depression of the
collagenation phase of healing.

Growth hormone is also known to promote the
proliferation of fibroblasts®, and fibroblast proliferation
form the granulation tissue. In the dead space wound
model Nigella sativa treatment increased granuloma tissue
weight and breaking strength. Hence it can assume the
pro-healing activity of Nigella sativa could be due to the
direct or indirect influence on growth hormone release.

Lipid peroxidation is an important process of several types
of injuries like burn, inflicted wound and skin ulcers are
any drug that inhibits lipid peroxidation is believed to
increase the viability of collagen fibrils, increasing the
strength of collagen fibers by an increase in circulation,
thereby preventing the cell damage and promoting the
DNA synthesis. It is reported that antioxidants, such as
metronidazole, vitaminC, vitaminE have been shown to
promote wound contraction and epithelization®. The
antioxidant property of the Nigella sativa seeds, conferred
upon it by the presence of high amounts of tannin, may be
responsible to the prohealing action of the extract in
wound models.

Since Nigella sativa is more potent than povidone iodne in
excision, incision and silver sulfadiazine in burn wound.
Isolation of the active principle from the oil may lead to
development of a wound healing agent that may turn out
to be a promising agent in not only open wound but also
leg ulcer, skin grafting and severe type of burn.

6. Conclusion

The preliminary phytochemical investigation of the oil
extracted from the seeds of Nigella sativa revealed that it
contains volatile oil, fixed oil, steroids and saponins.

In the excision wound model, a significant decrease was
observed in the wound closure and epithelization period at
both dose levels as compared to standard and control.
Tensile strength was measured to confirm the wound
healing activity claimed for this plant, in the incision
wound model. An increase in tensile strength of extract
treated wounds as compared to standard and control may
be due to an increase in collagen concentration and
stabilization of the fibers facilitating wound healing. In the
burn wound model, a significant decrease was observed
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also in the wound closure and epithelization period at both
dose levels as compared to standard and control.

So, Nigella sativa has wound healing effect evident by
faster rate of wound closure and epithelization period in
excision wound model, burn wound model and significant
increase in skin breaking strength in incision wound
model.
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