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ABSTRACT

Inflammation and oxidative stress are features of many degenerative illnesses. In this

study, the anti-inflammatory and antioxidant effects of fennel fruits (Foeniculum vul-
gare), carob (Ceratonia siliqua L), and rosemary (Rosmarinus officinalis L) aqueous ex-
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tracts were investigated in vivo. Two models of formalin-induced paw edema were used
to investigate the anti-inflammatory impact. The rat was given a formalin injection to
cause an inflammatory process resulting in edema in the right leg. Formalin at 2.5% and
10% concentrations resulted in rat paw edema. In the anti-inflammatory study, Group 1:
Normal control; no induced inflammation. Positive control (group 2) was given formalin.
Rats were administered 200 and 400 mg/kg b.w. of fennel extract to groups 3 and 4. Rats
given formalin received carob extracts at dosages of 400 and 800 mg/kg. in Groups 5 and
6. Groups 7, 8: Formalin-treated rats were given 400 mg/kg b.w. and 200 mg/kg. of rose-
mary extracts. Group 9 includes rats administered formalin plus indomethacin at a dose of
10 mg/kg. In the two experimental formalin models (A and B), aqueous extracts and the
standard drug were administered orally through a gastric tube 30 minutes after the forma-
lin injection in the right hind of the rat paw. Following the 15-day trial period, blood and
tissue samples were taken, and histopathological and biochemical parameter analyses
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Jennel — rosemary were done. According to research, these plant aqueous extracts effectively reduce inflam-

mation in rat paw edema caused by formalin.

1. Introduction their distinct and preferred flavor and perfume. Accord-

A living, vascularized tissue experiences inflamma-
tion in response to injury. Conventional or synthetic
medications used to treat inflammatory disorders are in-
sufficient and can occasionally have detrimental side ef-
fects, according to (Sumathi and Anuradha 2018). Plant-
based medications are well known for their reliability,
accessibility, and affordability (Iwu et al., 1999). In
Egypt and other industrialized nations, the use of medici-
nal plants for health purposes dates back thousands of
years and is being practiced by doctors today. According
to (Guilled and Manzanons 1996), fennel is an aromatic
edible plant whose fruits are used in savory recipes,
sauces, liqueurs, confections, and other foods. Fresh fen-
nel salads are made with the swollen bases because of
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ing to (Barros et al., 2009), fennel (Foeniculum vulgare)
fruits, leaves, and fruits are a possible source of natural
antioxidants. The Greek word "Kera," which refers to
the keratomorphic shape of the fruit, and the Latin word
"siliqua," which describes the hardness and shape of the
pods, are combined to form the scientific name of the
carob tree, Ceratonia siliqua L. Most Mediterranean na-
tions plant carob trees, primarily in arid and temperate
climates. According to (Goulas et al., 2016), 160,000
tons of carob are produced worldwide each year.
Depending on the variety, the plant Foeniculum vulgare
can be an annual, biennial, or perennial. It is a
well-known umbelliferous plant. The fruits
stems, and leaves can all be eaten.
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According to (Cosge et al., 2008), fennel is the ripe
fruit, also known as the seed, of the Foeniculum
vulgare plant. Fennel is sometimes used as a diuret-
ic and may be a useful diuretic as well as a possible
medication to treat hypertension. According to
(Choie and Hwang 2004), fennel fruits also have a
hypotensive effect, antispasmodic properties, anti-
hirsutism,  hepatoprotective  properties,
inflammatory properties, and antidementia proper-
ties. One of the Lamiaceae family's most economi-

anti-

cally significant species is rosemary (Rosmarinus
officinalis L.). Due to its commercial uses in the
food and fragrance industries as well as its culinary,
medical, and commercial uses, the plant, originally
from the Mediterranean region, is now widely dif-
fused around the world (Habtemariam, 2016). Ac-
cording to (Hamidpour et al., 2017), rosemary has
demonstrated significant promise as a natural food
preservative and medicinal agent for the treatment
of numerous ailments. Rosemary has been shown to
provide medical benefits that include anticancer
(Cheung and Tai 2007), antidiabetic (Bakirel et al.,
2008), anti-inflammatory, and antioxidant proper-
ties (Laura et al. 2010). Finding the appropriate ex-
tract concentrations from fennel fruits, rosemary
leaves, and carob pods for treating edema is the
goal of the current study.

2. Materials and Methods

Chemicals: The chemicals used in the study
were of analytical grade and procured from Sigma
Chemical Co., USA. All biochemical assay kits
were purchased from Randox Laboratories Ltd.,
Diamond Road, Crumlin, Co. Antrim, United King-
dom, BT294QY.

Plant Material

Fennel fruits (Foeniculum vulgare), carob pods
(Ceratonia siliqua L.),
officinalis L.) leaves were obtained from Haraz

and rosemary (Rosmarinus

market for herbs and medicinal plants in Cairo,
Egypt.
Preparation of plant extracts

The extraction process was carried out in the ap-
proved manner by (Maxwell et al., 2015). The fen-
nel fruits, carob pods, and rosemary leaves were

individually ground in a mill. For this, fifty grams
of ground plant were placed in a conical flask (2000
ml capacity) and extracted by adding 500 ml of pre-
boiled water with shaking (120 rpm) for 24 hours at
room temperature (28°C +1). Plant debris was re-
moved by filtration through gauze, and the collected
extract was filtrated by passing through filter paper
(Whatman no. 1). The filtrate was dried in an oven
at 40°C until concentrated and then saved in dark,
closed bottles in the deep (-18 °C) freezer until use.

Antioxidant activity of fennel fruits, carob
pods, and rosemary leaves powder and

their extracts

According to (Thaipong et al., 2006), the radical
scavenging activity of fennel fruits, carob pods,
and rosemary leaves powder and their extracts was
investigated using 2,2-diphenyl-1-picrylhydrazyl
(DPPH). Each sample (500 pl) was added to
a methanolic DPPH radical solution (1 ml) (the fi-
nal concentration of DPPH was 0.2 mM). The mix-
ture was briskly agitated and allowed to rest for 30
minutes at room temperature. At 517 nm, the
absorbance of the solution was spectrophotometri-
cally determined using UV (67 Series), Jenway,
UK. Antioxidant activity was calculated as a per-
centage inhibition using the formula:
Antioxidant activity (%) = [(Absorbance of control-
Absorbance of sample)/Absorbance of control]
x100
Total phenolics of fennel fruits, carob
pods, and rosemary leaves powder and
their extract

The total phenolic component content of fennel
fruits, carob pods, and rosemary leaves powder and
their extracts were calorimetrically measured using
the Folin-Ciocalteu reagent (as mg gallic acid/g
sample), as according to (Singleton et al., 1999).
Total flavonoids of fennel fruits, carob
pods, and rosemary leaves powder and

their extracts
Total flavonoid content was determined using

aluminum chloride (AICl;) according to the method
of (Slimestad et al., 2007).
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The results were expressed as mg quercetin equiva-
lents/g sample of carob pods, fennel fruits, and
rosemary leaves powder and their extracts.

HPLC analysis of phenolic and flavonoid

components

The phenolic and flavonoid profile concentra-
tions of fennel fruits, carob pods, and rosemary
leaves were determined by HPLC according to the
method described by (Mattila et al., 2000).
Experimental design of biological assays

Animal: The experiment is designed in the same
way as (Reeves et al., 1993). One hundred and eight
male albino rats were used in this study; fifty-four
were used in model A, and the same number was
used in model B, all of which were in a healthy
state and weighed a starting weight of 100 +25 g.
Rats were kept in conventional health laboratory
settings for one week. The temperature was adjust-
ed at 25 °C + 2 and 12 h light-dark, and the rats
were fed a basic diet and water ad libitum before
the initiation of the experiment. All experimental
methods were carried out at the Food Technology
Research Institute, Agricultural Research Center,
Giza, Egypt, in compliance with the Guide to the
Care and Use of Laboratory Animals-NRC (2011)
(NIH Publication No. 85-23, Revised 2011).
Induction of inflammation

Paw inflammation was caused in two separate
ways. In the first model (A), a typical insulin sy-
ringe was used to administer 0.1 ml of formalin
(2.5%) diluted in PBS (Sigma-Aldrich, Germany)
subplantarly to the rat's right hind paw, causing ede-
ma. Before injecting formalin and after 1, 2, 3, and
4 hours, the paw thickness was assessed. By meas-
uring the paw thickness with a calliper, the induced
inflammation dose was measured. In the second
model (B), 0.1 ml of 10% formalin was injected
into the right hind paw of the rats in a manner
identical to that described in the above-mentioned
A model. Every day at a certain time for 15 days
straight, a calliper was used to measure the thick-
ness. Aqueous extracts and the standard medication
were given orally via a gastric tube in the two ex-
perimental formalin models (A and B) 30 minutes

after the formalin injection in the right hind paw of
the rat. However, in the second model (formalin
10%), treatments lasted for 15 days straight, while
formalin was only administered on the first day.
The formalin was made from a commercially avail-
able 37% formaldehyde solution, further diluted in
isotonic saline.
% reduction of inflammation = [(paw thickness be-
fore treatment minus paw thickness after treatment)/
paw thickness before treatment] x100
Evaluation of In Vivo anti-inflammatory
activity
A. 2.5 % formalin-induced paw edema model
The rats were randomly divided into nine
groups, each containing six rats, as follows:
Group Al: normal control, with no induced inflam-
mation. The rats were injected with 0.1 ml of the
isotonic saline vehicle at the right hind paw.
Group A2: positive control group; received 2.5%
formalin. Groups A3, A4: 2.5% formalin+ rats were
administered fennel extracts at doses of 200 and
400 mg/kg rat b.w. Groups A, 5, and 6: 2.5% of for-
malin+ rats received carob extracts at doses of 400
and 800 mg/kg rat b.w. Groups A7, A8: 2.5% for-
malin+ rats treated with rosemary extracts at doses
of 200 and 400 mg/kg rat b.w. Finally, group A9:
2.5% formalin+ rats were administered indometha-
cin 10 mg/kg as a standard curing drug.
B. 10% formalin-induced paw edema model
The animals received the same treatments as in
the previous model, with the exception of group 2B,
which received a 10% v/v freshly made formalin
solution as an edema. Rats were administered 10%
formalin plus the same extracts and standard medi-
cations for 15 days at the same doses.
Collection of blood and separation of

serum

After the experimental period (15 days), the
animal were fasted for 12 hours, anesthetized, and
euthanized at the end of the treatment period; blood
samples were obtained from the animal's ocular
plexus under diethyl ether anesthesia. The samples
were allowed to clot for 20 minutes at room temper-
ature before being centrifuged for 10 minutes at
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1006 g (3000 rpm) to separate the serum and utilize
it for biochemical analysis. The biochemical
parameters such as blood glucose (Trinder, 1969),
serum protein, enzymatic antioxidants such as cata-
lase (Aebi 1983), lipid peroxide (Ohkawa et al.,
1979), and serum enzymes such as alanine transam-
inase, alkaline phosphatase, aspartate transaminase
(King 1965), and creatine kinase (Okinaka et al.,
1961 and Lowry et al., 1951). In whole blood, he-
matological parameters such as total leucocyte
count, total red blood cells (RBC), total white blood
cells (WBC), and hemoglobin were measured
(Armour et al., 1965).
Histopathological Assessment

After the formalin-induced inflammation test
and blood sample collection, the animals were
sacrificed under inhaled ether anesthesia. The
edematous skin was excised and fixed in 10% for-
malin-saline. It was processed and embedded in
paraffin, yielding 5 pm-thick sections. Deparaf-
finized sections were stained with hematoxylin and
eosin (H&E). The photomicrographs of each group
were captured and interpreted for histopathological
changes.
Statistical Analysis

The obtained data were subjected to a one-way
ANOVA. SPSS statistical software (Version 10)
was used for multiple comparison tests. Values

were expressed as means +SE. A P value of
(p< 0.05) was considered significant, according to
(Snedecor and Cochran 1980).

3. Results and Discussion

Results

The results (Table 1.) demonstrated that the anti-
oxidant activity, phenol content, and total flavonoid
content of the examined materials all significantly
increased after the extraction procedure. The radical
scavenging value for fennel fruits (70%) was much
greater than that of rosemary leaves (41.76%), and
the lowest value was for carob (28.12%). Following
extraction, the antioxidant activity of carob, fennel
fruits, and rosemary all increased by a combined
85%, 14%, and 87%. The values of total phenols
(mg of gallic acid/g of samples) in Table 1. showed,
however, that fennel fruits had the highest values,
followed by carob pods, rosemary
leaves had the lowest values. Following the water
extraction of these herbs, the amounts of total phe-
nols in the extract increased in carob, fennel, and
rosemary by 137.5, 45.5, and 62.6%, respectively.
Carob pods had the largest increase in total flavo-
noids, followed by fennel fruits, and then rosemary

while

leaves. The amount of flavonoids overall greatly
increased in the extracted rosemary (309.8%),
whereas it decreased in the extracts of carob
(63.35%) and fennel fruits (46.28%).

Table 1. Antioxidant activity, total flavonoid and phenolic contents of raw of fennel fruits, carob

pods and rosemary leaves and their extracts

Sample Antioxidant activity (%)

70.0 °+1.0125
80.0% = 0.986
28.127+1.023
52.149+ 0.965
41.76° + 1.0456
78.25° £ 0.897

Fennel fruits
Fennel extract
Carob pods

Carob extract
Rosemary leaves
Rosemary extracts

Total phenolic contents Total flavonoids contents

(mg of gallic acid/g of (mg of quercetin/g of
sample) sample)
42.0°+1.245 3.5+ 1.0556
61.1°+ 0.896 5.12°+0.8456
20.31°+1.0456 3.829+ 1.0456
48.23°+ 0.856 6.24°+0.04356
15.457+1.0145 1.127+1.1456
25.13+0.856 4.59°£0.756

ANOVA used to compare data (P > 0.05); data sharing the same letter in a column were not significantly different.

Polyphenolic compounds, which are known to have
antioxidant activity, Considerable concentrations of
phenolic compounds were found in the aqueous ex-
tracts of rosemary leaves, fennel, and carob pods.
These plants have significant amounts of carnosic

acid, carnosol, rosmarinic acid, and hesperidin in
their polyphenolic profile. The effects of carob, fen-
nel, and rosemary aqueous extracts on experimental
rats with formalin-induced Table 2. lists the phenol-
ic and flavonoid compounds found in the aqueous
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extracts of fennel, carob, and rosemary. The aque-
ous extract of rosemary had the highest concentra-
tions of chlorogenic acid, rosmarinic acid, and sal-
vianic acid, and the lowest concentrations of ellagic
acid and catechin compound. Thus, the carob ex-
tract saw an increase in its content of gallic acid
(136 pg/ml), caffeine (35.0 pg/ml), propyl gallate
(29 pg/ml), catechin (21.6 pg/ml), cinnamic acid
(22.5 pg/ml), and tannic acid (15.3 pg/ml). Its con-
tent of ellagic acid (5.20 pg/ml) and catechin (21.6
ng/ml) is higher than that of rosemary and fennel
extract. The amount of chlorogenic acid (250 g/ml),

rosmarinic acid (175 g/ml), cinnamic acid (25.61 g/
ml), tannic acid (17.85 g/ml), and caffeic acid (16.1
g/ml) in the fennel extract increased. By separating
the flavonoids, it was shown that the carob extract
had a lower concentration of hesperidin, luteolin,
apigenin, cirsimaritin, genkwanin, salvigenin, 7-
CH3-Rosmanol, carnosol, and 12-CH3-carnosic
acid compared to the fennel and rosemary extracts.
Plants rich in phenols and flavonoids may therefore
have significant anti-oxidant potential. Fennel ex-
tract (15.20 g/ml) and carob extract (8.10 g/ml)
were both abundant in rutin.

Table 2. Polyphenolic and flavonoids fractions of fennel fruits, carob pod and rosemary aqueous extracts

Components Fennel extract Carob extract Rosemary extract
Polyphenolic(pg/ml)
Gallic acid 0.89 136 2.60
Chlorogenic acid 250 2.03 215
Caffeine 1.23 35.0 0.92
Caffeic acid 16.10 12.10 5.40
Vanillic 6.02 3.40 2.45
Ferulic acid 5.65 0.02 0.11
Rosmarinic acid 175.0 0.15 207.5
Salvianic acid 21.51 9.0 19.25
Propyl gallate 0.95 29.11 1.45
Cinnamic acid 25.61 22.5 1.56
Tannic acid 17.85 15.30 0.05
Ellagic acid 0.87 5.20 0.02
Catechin 0.23 21.60 0.01
Flavonoids(ug/ml)

Rutin 15.20 8.10 0.01
Coumaric acid 0.05 2.51 0.02
Naringenin 0.15 6.10 0.01
myricetin, 0.02 13.20 0.01
Hesperidin 18.65 10.80 12.61
luteolin, 7.56 0.01 8.16
Apigenin 19.58 0.45 15.82
Cirsimaritin 18.65 0.07 15.20
Genkwanin 20.45 0.05 18.20
Salvigenin 5.69 0.045 9.56
Rosmadial 25.44 0.12 22.1
7-CH3-Rosmanol 22.15 0.00 14.22
Carnosol 33.25 0.014 27.50
Carnosic acid 65.89 0.12 52.0
12-CH3-carnosic acid 7.45 0.15 9.85

Food Technology Research Journal, Vol. 3, issue 1, 14-32, 2024



Fennel, Carob, Rosemary Extracts as Anti--Inflammatory Activity Functions on Formalin Induced Paw Edema in Albino Rats

Inflammation were investigated in this study using
two models (A and B). When 2.5% formalin was
administered into rats in Model A for four hours, the
aqueous extracts improved the volume of the paw
and had an anti-inflammatory effect; however, they
had no discernible effect on the outcomes of bio-
chemical parameter testing (results not published).
We conducted a 15-day experiment to examine the
effects of extracts on inflammation (model B, 10%
formalin). After 15 days, the histopathological and
biochemical parameters of the extracts were evalu-
ated favorably, and the extracts reduced inflamma-
tion when 10% formalin was injected. According to
the findings of our investigation, indomethacin, fen-
nel, carob, and rosemary extracts all impacted the
tissue samples' ability to relieve swelling during for-

malin-induced acute inflammation. Results are

presented as means with standard errors. Rats' paw
volume increased gradually over time due to the sub
-planter injection of formalin (G2). In comparison to
control rats (G1), the amount of paw volume in-
creased by formalin was considerably reduced by
fennel, carob, and rosemary extracts (Figures 1 and
2). In model A, study groups used treatment agents
from one hour after a 2.5% formalin injection to
four hours later (Figure 1). Following treatment,
measurements carried out every one hour (1 to 4
hours) revealed that the rat’s administration of 400
mg/kg Carob extract (G5) inhibited edema by ap-
proximately 35.66% (after 1 hr.) and 12.48%, re-
spectively. However, after 15 days of treatment with
400 mg/kg of fennel extract in model B (10% for-
malin) group G4, there was a 19.88% suppression
and inhibition of edema (Figure 2).
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The administration of 10% formalin to 15-day-old
rats resulted in a substantial rise in liver enzymes,
renal function, total WBC, blood glucose, and paw
thickness, whereas these increases were prevented
by the treatment with fennel, carob, rosemary ex-
tracts, and indomethacin. The inhibition of formalin
-induced inflammation was dose-dependent with
these administrations. Figure 3 (a—c) shows the ef-
fects of fennel, carob, rosemary extracts, and indo-
methacin supplementation on serum aspartate ami-
notransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP). enzymes
are released into the bloodstream when the organs
are harmed for whatever reason. Therefore, the con-
centrations of AST, ALT, and ALP in rat serum
were examined. When compared to group 2, which
had rats administered formalin 10% without any
extracts or medications, the increase in AST was
reduced by 71% and the increase in ALT by 72% in
the rats given rosemary extract 400 mg/kg (GS).

On formalin-induced (10%) paw edema in rats,
(Figure 3C) shows the mean levels of ALP enzymes
for fennel, carob, rosemary extracts, and indometh-
acin compared to control (negative and positive). In
the positive group (G2) of rats treated only with for-
malin, there was a highly significant increase in the
ALP enzyme level (p > 0.05). Fennel, carob, and
rosemary extracts all reduced ALP activity, accord-
ing to the study. The enzyme levels in rats treated

with fennel extract at dosages of 200 and 400 mg/
kg (G3 and G4) and rats treated with rosemary ex-
tract at doses of 200 and 400 mg/kg (G7 and GS)
were not significantly different (p > 0.05). The per-
centages of decrease were 47.9%, 48.8%, 47.6%,
and 48.5%, respectively. Furthermore, as compared
to the control group (Gl), there was a significant
increase in urea and creatinine levels in rats treated
with 10% formalin (G2) (Figure 4 a,b). In compari-
son to the positive group, fennel, carob, and rose-
mary extracts resulted in excellent restoration of
urea and creatinine parameters (G2). The levels of
lipid peroxide, catalase, and superoxide dismutase
(SOD) were tested to see if fennel, carob, and rose-
mary extracts might prevent formalin-induced in-
flammation in a dose-dependent manner. When
compared to the positive (G2), fennel, carob, and
rosemary extracts increased CAT and SOD activity
while decreasing lipid peroxide levels. As expected,
the lipid peroxide levels in these extract-treated
groups decreased, while CAT and SOD levels in-
creased, indicating that these extracts have antioxi-
dant properties. Fennel extracts 400 mg/kg (G4) and
indomethacin 10 mg/kg (G9), on the other hand,
inhibit lipid peroxide production even further. Car-
ob extracts at 800 mg/kg (G6), rosemary extracts at
400 mg/kg (G8), and indomethacin at 10 mg/kg
(G9) help boost SOD production. (Figure 5 a—c)
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and (b) ceatinine levels on Paw edema induced by formalin in rats. Data columns of the groups with
different superscripts (a,b) for the same parameter are significantly different compared with G2.

The levels of blood glucose in the positive control
rats (G2) were 1.58-fold higher than in the negative
group rats (G1), as seen in Fig. 6. When compared
to the positive control, fennel, carob, and rosemary
extracts, as well as indomethacin 10 mg/kg, effec-
tively reduced formalin-induced rat paw edema (P>
0.05). (G2). It was also shown that there was no
significant difference in the inhibition of formalin
induced edema between the control group (Gl),
rats given fennel extract of 200, 400 mg/kg (G3,
G4), rats given carob extract of 800 mg/kg (G6),
and rats given rosemary extract of 200, 400 mg/kg
(G7, G8). Tables 3 and 4 show the results of the
effect of fennel, carob, rosemary extracts, and indo-
methacin on formalin-induced paw edema in rats on

hematological markers. In the positive group of for-
malin-induced rats (G2), hemoglobin and red
cellcell count were significantly decreased (p <
0.05), whereas white cell count, neutrophils, lym-
phocytes, and eosinophils were significantly great-
er. In all of the treatments, hemoglobin and red cell
count values were considerably higher (p < 0.05)
than in the positive group (G2). Fennel, carob, and
rosemary extracts, as well as indomethacin 10 mg/
kg, cause a rise in hemoglobin and red cell count.
When compared to the positive group (G2), there
was a substantial drop in white blood cell count,
neutrophils, lymphocytes, and eosinophils in seven
treatments (G3 to G9).
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Table 3. Levels of hemoglobin, red cell count, and white cell count

Groups Haemoglobin Red c%ll count White3cell count
(g/dL) (10°/uL) (10° /emm)
Negative control (G1) 10.739+0.384 4.30°+0.265 8.66° +£0.606
Positive control (G2) 7.66 ¢ +£0.2403 2.43°+0.176 13.40* £0.360
Fennel extract 200mg/kg (G3) 13.00°£0.0577 4.96® +0.088 11.23°+0.520
Fennel extract 400mg/kg (G4) 13.80% +0.1732 4.63% +0.348 10.76°+0.611
Carob extract 400mg/kg (G5) 12.30°¢+0.1732 4.86"+0.233 9.80¢£0.529
Carob extract 800mg/kg (G6) 13.60* +0.4582 5.00%+0.264 8.80°+0.173
Rosmary extract 200mg/kg(G7) 13.40* +0.1527 4.86™ +0.202 9.439+0.166
Rosmary extract 400mg/kg(G8) 12.40°+0.2309 436%™ +0.202 8.76°+0.348
Indomethacen 10mg/kg (G9) 14.20 +0.3605 5.09%+0.157 10.16°+0.272

Data are expressed as the mean = SE, (n= 3 replicates). Means within the same column carrying different superscripts are signifi-

cant different at P < 0.05

Table 4. Level of leucocytes in experimental rats

Group name

Neutrophils (%)

Negative control (G1)

Positive control (G2)

Fennel extract 200 mg/kg (G3)
Fennel extract 400 mg/kg (G4)
Carob extract 400 mg/kg (GS5)
Carob extract 800 mg/kg (G6)
Rosmary extract 200 mg/kg (G7)

Rosmary extract 400 mg/kg (G8)
indomethacen 10 mg/kg (G9)

36.33"+0.88192
74.76* +2.61173
34.008 +1.52753
43.66 °+0.88192
43.00 © +1.15470
43.00°+2.08167
53.00 °+ 1.15470

52.00¢+ 1.73205
49.00 9+ 0.57735

Lymphocytes (%) Eosinophils (%)
17.90F+1.069 1.33°+0.333
52.66 *+ 1.201 8.33%+0.881
41.00 ¢+ 0.577 4.50°+0.288
39.004+0.577 2.83°+0.440
43.33%+0.881 4.56"°+0.536
39.004+0.577 2.004+0.577
40.33 “ +0.881 433%+0.333
34.00° +1.154 2.004+0.577
39.004+0.577 2.004+0.577

Data are expressed as the mean = SE, (n= 3 replicates). Means within the same column carrying different superscripts are signifi-

cant different at P < 0.05

The morphological alterations of the hind paw sec-
tion skin tissue histology were evaluated by H&E
staining to investigate the anti-inflammatory effects
of fennel, carob, and rosemary extracts in experi-
mentally induced paw edema with 10% formalin.
As shown in Fig. 7, the hind paw section of the con-
trol group (G1) showed no discernible inflammato-
ry cell infiltration, while the hind paw section of the
rats treated with 10% formalin at a concentration of
only (G2) showed massive inflammatory cell infil-

tration, dermal edema, and collagenous tissue pro-
liferation. Nevertheless, administration of extracts
from indomethacin, fennel, carob, and rosemary
significantly alleviated the previously stated symp-
toms and reduced dermal edema and inflammatory
cell infiltration. When rats were given Indometha-
cin (G9) at 10 mg/kg, a section of the skin on their
hind paws significantly improved, but not as much
as when fennel and rosemary (400 mg/kg) were
given.

Food Technology Research Journal, Vol. 3, issue 1, 14-32, 2024



Fennel, Carob, Rosemary Extracts as Anti--Inflammatory Activity Functions on Formalin Induced Paw Edema in Albino Rats

S SN S £ N - —— S -

Figure 7. (a) Photomicrograph of the hind paw of rat from group 1 control negative showing the normal histology of hind paw

from normal epidermis and dermis, (b) paw of rat from control positive group (G2) showing massive inflammatory cells infiltra-
tion and edema in the dermis as well as collagenous tissue proliferation, (c) paw of rat received fennel 200 mg/kg (G3) showing
moderate inflammatory cells infiltration and edema in the dermis, (d) paw of rat received fennel 400mg/kg (G4) showing the
normal histology of paw from normal epidermis and dermis, (¢) paw of rat treated with Carob 400mg/kg (G5) showing moderate
inflammatory cells infiltration and edema in the dermis, (f) paw of rat treated with carob 800mg/kg (G6) showing slight edema
in the dermis, (g) paw of rat administrated with rosemary 200mg/kg (G7) showing small focal inflammatory cells aggregation in
the dermis associated with edema, (h) paw of rat administrated with rosemary 400 mg/kg (G8) showing the normal histology of
paw from normal epidermis and dermis, (i) paw of rat treated with indomethacin 10 mg/kg (G9) showing edema in the dermis

and congestion of dermal blood vessels.

Discussion

In this study, the anti-inflammatory and antioxi-
dant capacities of rosemary, carob, and fennel
extracts were examined. Two models (2.5% forma-
lin for 4 hours and 10% formalin for 15 days) were
utilized in the formalin inflammatory method to
evaluate the anti-inflammatory activity, while the
DPPH photometric test was employed to evaluate
the antioxidant activity. The phytochemicals phenol
and flavonoid have potent anti-inflammatory ac-
tions (Peluso et al., 2013). According to a survey,
phenolic compounds' antioxidant activity goes back
to the impacts of their radical scavenging. In gen-
eral, this procedure is preceded by a hydrogen atom
or electron donation (Niki and Noguchi 2000). Nu-
merous studies have demonstrated that rosemary
extracts have potent antioxidant effects (Tironi et
al., 2010). According to research by (Rohlik et al.,
2013), several chemicals in rosemary, including
rosmaridiphenol, rosmanolrosmariquinone, and car-
nosol, may exhibit antioxidant activity up to four

times that of BHA and be just as potent as butylated
hydroxyl toluene. The components of carob pods,
fennel fruits, and rosemary leaves' raw and their ex-
tracts' total phenolic and total flavonoid content
were assessed and listed in Table 1. According to
the study, the extracts can donate a proton, operate
as scavengers or inhibitors of free radicals, and may
even serve as primary antioxidants. These findings
concur with those of Owen et al. (2003), who
demonstrated the significant phenolic content of
carob fiber. Additionally, carob fiber has a wide
range of unique constituents from several classes,
including simple phenolic acids, cinnamic acid and
its derivatives, flavonoids, isoflavones, lignans, an-
thocyanins, and tannins. These substances therefore
exhibit antioxidative, antimutagenic, anticarcino-
genic, antiproliferative, or antioestrogenic effects
when ingested regularly. According to Chatterjee et
al. (2012), aqueous and methanol extracts of fennel
fruits have significant phenolic contents and good
antioxidant properties.
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Anti-inflammatory activity is a characteristic of
many flavonoids and of all phytoconstituents. Fla-
vonoids have been found to have significant antiox-
idant, vasculoprotective, anti-hepatotoxic, anti-
allergic, anti-inflammatory, and anti-tumor activity
(Singh et al., 1989). Researchers discovered that the
presence of phenolic chemicals, particularly flavo-
noids and diterpenes like carnosic acid and carnosol
that are known for their antioxidant activity, is relat-
ed to the bioactive qualities of rosemary (Achour et
al., 2018). Traditional herbal medicines have grown
in popularity globally in recent decades as a com-
plement or alternative to conventional western med-
icine for both maintaining health and treating chron-
ic, complex, or refractory conditions. One of the
best test methods to assess chronic inflammation is
formalin-induced paw edema, since it closely re-
sembles human arthritis (Beg et al., 2011). As seen
in Figures 1 and 2, treatment with aqueous extracts
of fennel, carob, and rosemary reduced formalin-
induced paw edema in a dose-dependent manner,
exhibiting a significant anti-inflammatory effect for
15 days and 1 to 4 hours. The first thing that was
noticed was a swollen paw following the injection
of 2.5 and 10% formalin. After 15 days, rats fed 400
mg/kg of fennel (G4) and rosemary (G8) extracts
showed the best anti-inflammatory activity. The
proportion of inhibition increased over time.
According to studies by (Ghasemzadeh Rahbardar
et al., 2017 and Chatterjee et al., 2012), the poly-
phenolic chemicals in extracts of carob pods, fennel
fruits, and rosemary are responsible for their func-
tional properties, such as antioxidant and anti-
inflammatory abilities. When administered as pre-
scribed, indomethacin's various pharmacological
anti-inflammatory effects on the rat paw inflamma-
tion test were most potent; however, after 15 days,
the inhibition had decreased to 34.88%. Creating
paw edema using formalin to mimic human arthri-
tis is one of the finest ways to evaluate anti-arthritic
and anti-inflammatory medications, particularly for
long-term inflammation. In this model, neutrophils,
macrophages, and fibroblast growth all contribute
to the formation of edema (Ezeja et al., 2015). This
is compatible with our findings. When formalin is

injected into a rat's paw, a biphasic response of
the early neurogenic component and the later tissue-
mediated response results in localized inflammation
and pain (Beg et al., 2011). Localized inflammation
and pain are produced when formalin is injected
into a rat's paw. This reaction is biphasic, with the
earlier neurogenic component followed by the later
tissue-mediated response (Beg et al., 2011). Haema-
tological and biochemical analyses of formalin-
induced paw edema in the rats from the control
group (G1) and the disease-treated (positive control)
(G2) groups revealed a significant deviation from
the normal range in the current study. According to
the research, taking drugs or medical substances by
mouth can change the normal range of hematologi-
cal parameters (Ajagbonna et al., 1999 and Beg et
al., 2011). Localized inflammation and pain are pro-
duced when formalin is injected into a rat's paw.
This reaction is biphasic, with the earlier neurogen-
ic component followed by the later tissue-mediated
response (Beg et al., 2011). Haematological and bi-
ochemical analyses of formalin-induced paw edema
in the rats from the control group (G1) and the dis-
ease-treated (positive control) (G2) groups revealed
a significant deviation from the normal range in the
current study. According to the research, taking
drugs or medical substances by mouth can change
the normal range of hematological parameters
(Ajagbonna et al., 1999). Flavonoids and phenols
have strong analgesic and anti-inflammatory effects,
according to (Elizabeth et al., 2014). These may be
the underlying factors behind the analgesic and anti-
inflammatory benefits that fennel, carob, and rose-
mary extracts produced in the study participants.
There is usually a connection between tissue dam-
age, pain, and inflammation. The formalin test pro-
duces a biphasic reaction, with the first phase being
the substance's immediate effects, which include
neurogenic pain. The second phase is involved in
the inflammatory reactions mediated by prostaglan-
din, serotonin, histamine, bradikinin, and cytokines
such as interleukin-1 beta, interleukin-6, tumor ne-
crosis factor-alpha eicosanoids, and nitric oxide (Fu
et al. 2001).
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The ability of non-steroidal anti-inflammatory
drugs (NSAIDs) to inhibit the enzyme cyclooxy-
genase COX-1, which catalyzes the production of
prostaglandins, is thought to be the cause of this
negative effect. Prostaglandins produced by cy-
clooxygenase (COX-1) are crucial for maintaining
the proper function of several organs, including the
kidney, liver, and stomach, but those produced by
COX-2 contribute to the onset of inflammation (Ng
and Chan, 2010). This illustrates the effects of anal-
gesics and anti-inflammatory drugs on the liver,
kidneys, and stomach, among other organs. There-
fore, we concluded that the active component of
these plant extracts employed in this investigation
did not inhibit COX-1 based on their anti-
inflammatory effects without causing liver or kid-
ney damage. The enzyme biomarkers AST, ALT,
and ALP in the blood are used to monitor the liver's
structural integrity and damage, as well as to help
in the clinical diagnosis of liver toxicity (Simon-
Giavarotti et al., 2002). Serum AST, ALT, and
ALP activity are good indicators for diagnosing
liver cellular abnormalities because they are abun-
dantly released into the circulation following the
breakdown of the hepatocellular membrane. (Al-
Attar, 2011). In addition, ALT is detected only in
the cytoplasm of hepatocytes, whereas AST is
found in both the mitochondria and the cytosol.
This study found that the formalin-induced rats had
higher levels of ALT, AST, and ALP, suggesting
liver impairment. This is in line with the data that
has been presented by John and Shobana (2012).
Hepatocyte transport function is disrupted after liv-
er damage, leading to plasma membrane leakage
(Pratt and Kaplan 2000), resulting in a rise in blood
enzyme levels. The presence of increased AST and
ALT levels in the blood indicates cellular leakage
and a lack of cell membrane function in the liver,
and they do provide information on the state of the
liver (Thapa et al., 2015). As a result, it's possible
that fennel, carob, and rosemary extracts are reduc-
ing the loss of cell membrane functional integrity in
the liver in this investigation. The levels of AST
and ALT were reduced after treatment with extracts
at different dosage levels, and the synthesis of

physiologically active chemical mediators may
have been influenced (Samadi-Noshahr et al., 2021
and Rocha et al., 2015). This study discovered that
fennel, carob, and rosemary significantly reduce
compared to the
inflammatory medicine indomethacin but have no
impact on the enzyme cyclooxygenase (COX-1)'s
ability to produce prostaglandins. By reducing ALT
and AST activity as well as urea and creatinine lev-
els, they also maintain the health of the liver and

inflammation when anti-

kidneys. The extracts used in this study contain the
flavonoids rutin, hesperidin, and apigenin, as well
as the polyphenolic compounds gallic acid, chloro-
genic acid, caffeic acid, rosmarinic acid, and tannic
acid, which collectively inhibit cyclooxygenase
(COX-2), which is responsible for inflammation by
preventing the production of prostaglandins. Addi-
tionally, flavonoids and polyphenols are responsi-
ble for giving substances their functional proper-
ties, such as their ability to act as antioxidants and
anti-inflammatory agents. These results are agreed
with those from (Chatterjee et al., 2012; Elizabeth
et al., 2014; Achour et al., 2018 and Ghasemzadeh
Rahbardar et al., 2017). and polyphenols are
responsible for giving substances their functional
properties, such as their ability to act as antioxi-
dants and anti-inflammatory agents. These results
are in line with those from (Chatterjee et al., 2012;
Elizabeth et al., 2014; Achour et al., 2018 and
Ghasemzadeh Rahbardar et al., 2017). One of the
most crucial mitochondrial antioxidant enzymes,
SOD, defends cells from superoxide anions. In-
flammatory conditions cause excessive phagocyte
activation and the production of superoxide radi-
cals, which can directly or indirectly damage near-
by tissue. Examples include hydrogen peroxide and
hydroxy radicals created from ROS, which cause
LPO and membrane breakdown. The membrane
breakdown leads to the creation of mediators and
chemostatic chemicals, which set off an inflamma-
tory response (Qiu et al., 2015). The current study
also discovered a cumulative decrease in the levels
of antioxidant enzymes and a considerable increase
in the levels of lipid peroxide following the
induction of formalin in experimental animals, both
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of which are indicative of tissue damage. Treatment
with fennel, carob, and rosemary extracts in various
concentrations, on the other hand, restored antioxi-
dant levels (SOD and CAT) and significantly re-
duced lipid peroxide levels. The activity of enzy-
matic antioxidants (SOD, CAT) significantly in-
creased as a result of the study. As a result, the con-
centration of LPO in formalin-induced rats was
shown to be greater in the current investigation. The
LPO level was dramatically reduced after treatment
with fennel, carob, and rosemary extracts at various
dose levels. This is consistent with Akram et al.
(2019) and El-Haskoury et al. (2018). According to
Qiu et al. (2015), bone cells maintain a well-
coordinated free radical scavenging system com-
posed of antioxidants such as superoxide dismutase,
catalase, glutathione peroxidase, and glutathione-S-
transferase. Insulin makes it easier for glucose to
enter cells. Another important chemical in the me-
tabolism of carbohydrates is glucose. The body ei-
ther synthesizes it through gluconeogenesis or di-
gests complex carbohydrates to generate it (Panchal
et al., 2013). According to the available evidence,
formalin-treated rats exhibited noticeably increased
serum glucose levels. Because formalin blocks glu-
cose from entering cells, the investigation's findings
indicated that the concentration of glucose in the
serum increased. Our results are consistent with ear-
lier research (John and Shobana, 2012) that exam-
ined the anti-inflammatory properties of a flavonoid
molecule. Lymphocytes are the most prevalent cells
in chronic inflammation. It has the potential to per-
manently change the tissue, causing it to stop work-
ing properly. Total white blood cells (WBCs) are a
type of white blood cell that plays a critical role in
the body's defense mechanisms. According to (Eric
and Lawrence 1999), the release of interleukins,
which are responsible for the formation of both
granulocytes and macrophage colony stimulating
factor, could be linked to an increase in WBC count
during inflammation. As a result, in the current
study, WBC counts were shown to be higher in for-
malin-induced inflammation. After oral therapy
with fennel, carob, and rosemary extracts in various
dosages, as well as indomethacen 10 mg/kg, the

WBC count was drastically lowered, showing im-
pressive recovery from the inflammatory process.
According to (Goel et al., 2001), leucocytes play a
key role in the genesis and spread of inflammation.
Neutrophils are the primary source of free radicals
at the site of inflammation, and they are a manifes-
tation of inflammation. Inflammation is known to
be caused by neutrophil-derived free radicals, and
neutrophil-produced cytokines are also responsible
for inflammation. Eosinophils are leucocytes with
granules that develop from stem cell progenitors. It
produces and releases lipid-derived mediators that
activate tissue responses. The oxygen transfer is
aided by hemoglobin and red blood cells (RBCs).
Anemia is caused by the induction of formalin,
which produces a considerable drop in RBC and Hb
levels. Treatment with fennel, carob, and rosemary
extracts at various doses restored these levels to
near-normal levels, which were comparable to the
conventional drug-treated groups (indomethacen 10
mg/kg). Low Hb levels are seen in chronic inflam-
matory diseases such as rheumatoid arthritis, which
is often accompanied by anorexia and weight loss.
(Swingle and Shideman 1972) documented such a
drop in Hb level.

In order to protect internal organs from infections
and other noxious agents from the environment, the
epidermis and dermis of the skin often exist in
steady-state equilibrium. Layers of the skin that
have been damaged set off intricate biochemical
processes that result in tissue repair or normal heal-
ing. Inflammation, proliferation, and remodeling are
the three phases that describe the process's dynamic
and interactive occurrences. Under a light micro-
scope, Group 1 (the negative control), which re-
ceived normal saline, demonstrated normal skin tis-
sue due to the normal epidermis and dermis, while
Group 2 (the positive control), which received for-
malin (an inflammatory agent), demonstrated mas-
sive inflammatory cell infiltration and edema in the
dermis as well as collagenous tissue proliferation.
This result is consistent with the study that was con-
ducted by (Ali et al., 2013), Hyeong-Dong et al.,
2010; Finbarrs Bello et al., 2020 and Rocha et al.,
2015). This observed result demonstrates that there
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is skin tissue inflammation. Groups 3 and 5 that
took fennel and carob (200 and 400 mg/kg of ex-
tract) displayed mild dermal edema and infiltration
of inflammatory cells. A slight amount of dermal
edema was visible in the micrograph of group 6 af-
ter receiving carob (800 mg/kg of extract) treat-
ment. Group 4 and Group 6 both displayed normal
paw histology with normal epidermis and dermis
when given the same amount of fennel and rose-
mary (400 mg/kg of extract). The experiment's find-
ings demonstrated that the extracts in the current
study significantly reduced the edema in the rat's
paws in a dose-dependent manner. In the formalin-
induced paw edema model B, the decrease was
more evident at a dose of 400 mg/kg (fennel and
rosemary). This shows that fennel, carob, and rose-
mary extracts may be beneficial at all concentra-
tions in the neurogenic phase of inflammation. This
implies that the extracts may have anti-proliferative
properties and that greater doses are needed when
using them to treat chronic inflammation. Several
studies have indicated that the consumption of natu-
ral antioxidant compounds protects cells against the
damage of reactive oxygen species such as singlet
oxygen, superoxide, peroxyl radicals, hydroxyl rad-
icals, and peroxynitrite (Yang et al., 2013).
4. Conclusion

The results of the present investigation indicate
that albino rats exposed to formalin undergo oxida-
tive stress and inflammation. This is because the
formalin process produces reactive oxygen species,
which induce oxidative stress. Due to their anti-
inflammatory and antioxidant properties, aqueous
fennel fruits, carob pods, and rosemary leaves ex-
tracts prevent the formation of free radicals. There-
fore, these extracts can be used to treat inflammato-
ry diseases without endangering the liver or kid-

neys.
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