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Karafsin, a unique mono-acylated flavonoid apiofurnoside from the leaves 
of Apium graveolens var. secalinum Alef: In vitro and in vivo 
anti-inflammatory assessment 
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A R T I C L E  I N F O   

Keywords: 
Apium graveolensvar. Secalinum Alef 
Apigenin 7-O-mono-apiofuranoside 
apigenin-7-O-β-(5"-E-p-coumaroyl)- 
apiofuranside 
Antioxidant 
Anti-Inflammatory 
Rat paw edema 

A B S T R A C T   

Celery ethanol extract (CEE) of leaves of Apium graveolens var. secalinum Alef, showed high phenolic content 
with significant antioxidant activity using DPPH and ORAC assay. Two unique unknown compounds, apigenin 7- 
O-mono-apiofuranoside and acylated flavonoid, 7-O- (5′′-E-p-coumaroyl)-apiofuranside (karafsin) were identified 
in CEE for the first time by a full structural analysis, along with 6 known compounds. While karafsin significantly 
inhibited cyclooxygenase-2 by 42.52 ± 2.88 and 70.33 ± 2.97 % at 50 and 100 mg/mL and 5-lipoxygenase by 
37.33 ± 2.87 and 75.77 ± 2.57 % at 50 and 100 mg/mL in raw macrophage cells challenged with Escherichia coli 
lipopolysaccharide, CEE exhibited the same weigh-dose activity as a crude extract mixture. Comparable inhi-
bition of NO was also observed by CEE versus karafsin at approximately 0.06 mg/mL. Thus, CEE as a mixture has 
potent anti-inflammatory activity, of which the formulated 1% topical gel was found to have a 79.51 % inhibition 
of edema in the carrageenan-induced rat paw model, comparable as the commercial 1% diclofenac gel. CEE has 
potent anti-inflammatory activity and this warrants additional investigations.   

1. Introduction 

Inflammation is a series of complex changes that occurs in living 
tissues in response to damage or injury and usually accompanied by ache 
and pain. It is a central feature of many pathophysiological conditions 
such as cardiovascular diseases, metabolic syndromes, diabetes, obesity 
and even several cancer types (Moro et al., 2012). When cells are 
exposed to immune stimulants, the pro-inflammatory cells, such as 
macrophages, monocytes, or other host cells, start to produce cytokines 
and other mediators, which initiate the inflammation process that em-
braces increased vascular permeability, protein denaturation and al-
terations to the cell membrane. This could be a lead to the activation of 
several enzymes such as cyclooxygenase-2 (COX-2) and 5-lipooxygenase 
(5-LOX) which metabolize arachidonic acid and consequently produc-
tion of inflammatory mediators, such as prostaglandin E2 (PGE2) and 

leukotrienes, respectively. Besides, in hypoxic conditions, nitric oxide 
(NO) which is one of the inflammatory mediators, produced by the 
activation of inducible nitric oxide synthase (iNOS) (Poyton et al., 
2009). Overproduction of these inflammatory mediators leads to 
different kinds of cell damage. In fact, inhibition of these enzymes result 
in reduced production of prostaglandins and leukotrienes. A drug that 
inhibit these enzymes is considered to have the ability to provide anal-
gesic and anti-inflammatory effects with reduction in gastro-intestinal 
side-effects (Langhansova et al., 2017). Moreover, the inflammation 
mechanisms also involve reactive oxygen species (ROS). ROS are mainly 
triggered as a result of oxidative stress and is started by the activation of 
leukotrienes. Many chronic diseases are caused by the inflammation 
associated with oxidative stress. Cellular respiration by mitochondrial 
oxidative metabolism in the cell results in the production of peroxides 
and ROS (Liemburg-Apers et al., 2015). Also, in hypoxic conditions, 
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nitric oxide (NO) is produced during respiratory chain reaction. This 
latter reactive nitrogen species (RNS) may further lead to the production 
of reactive species like reactive malondioaldehyde, 4-hydroxynonenal 
and aldehydes. Indeed, increased production of ROS/RNS may result 
in irreversible cellular damage that can lead to the cell death. Nowadays, 
anti-inflammatory drugs cause many side effects (Ramana et al., 2014). 
For example, non-steroidal anti-inflammatory drugs (NSAIDs) causes 
gastrointestinal disorders conditions. In addition, they can increase the 
risk of renal impairment, myocardial infarction and stroke (Al-Saeed, 
2011). In view of this facts, many natural products have shown a safety 
profile and gained wide acceptance nowadays (Hörl, 2010) and become 
of a particular interest as a lead for bioactive molecules for the man-
agement, treatment and control of several inflammatory mediated dis-
eases (Abdou et al., 2013; Akanda et al., 2019). Polyphenols (such as 
flavonoids and phenolic acids) have been reported to be useful as 
adjuvant therapy for their potential anti-inflammatory effect, associated 
with their antioxidant activities and inhibition of enzymes involved in 
the inflammatory pathways (Hussain et al., 2016). Therefore, screening 
of the antioxidant activities may provide important information about 
the potential anti-inflammatory activity of a certain drug. 

Apium graveolens L., celery, is a plant belonging to the family Apia-
ceae and includes three varieties, namely, Apium graveolens var. dulce, 
Apium graveolens var. rapaceu, and A.graveolens var. secalinum Alef. 
Apium graveolens var. secalinum Alef is the most popular variety of 
celery in Asian countries and Mediterranean region (Rubatzky and 
Yamaguchi, 1997). The plant is known in English as leaf or chinese 
celery and in Egypt as Karafs. The stems of this variety are thinner than 
those of the other two celery varieties (Western celery) and its stalks take 
round, hollow shapes. Also, unlike with Western celery, the leaves and 
the stalks of this variety are used for its edible and flavorful properties 
(Larkcom, 2008). Among the different biological activities of celery, an 
extract from A. graveolens var. secalinum is used as neuroprotective in 
brain diseases (Malhotra, 2006; Zhang et al., 2018). Among the three 
celery varieties, it is recognized that the most extended variety, 
A. graveolens var. secalinum Alef has not been subjected to extensive 
phytochemical study for the phenolics of its leaves, though the essential 
oil of the seeds of the plant have been fully investigated (Kooti and 
Daraei, 2017). During current continuing search for novel bioactive 
metabolites from Egyptian plants, the aqueous ethanol extract of the 
leaves of, A.graveolens var. secalinum Alef, was selected to be the subject 
of thorough investigation in the present work. CEE of the leaves 
revealed, in its two dimensional paper chromatograms (TDPC) a 
recognizable phenolic profile. The present study reports on the isolation 
and structure determination of polyphenols from CEE. In addition, in 
view of the recorded antioxidant activity for CEE and isolate by DPPH 
and ORAC assay, in-vitro assessment for anti-inflammatory activity was 
accomplished. Besides, in-vivo anti-inflammatory activity for the CEE 
using method of carrageenan-induced rat paw edema was also, assayed. 

2. Material and methods 

2.1. General 

NMR spectra were developed in DMSO-d6 in a Brucker 400 MHz 
NMR spectrometer, at 400 MHz. Standard pulse sequence and parame-
ters were used to obtain one-dimensional 1H and 13C spectra. 1H 
chemical shifts (δ) were measured in ppm, relative to TMS and 13C NMR 
chemical shifts to DMSO-d6 and were converted to TMS scale by adding 
39.5. 1H-13C heteronuclear single quantum coherence (HSQC), and 
heteronuclear multiple bond coherence (HMBC) were obtained by 
employing the conventional pulse sequences. High resolution ESI mass 
spectra were measured using a Finnigan LTQ FT Ultra mass spectrometer 
(Thermo Fisher Scientific, Bremen, Germany) equipped with a Nano-
mate ESI interface (Advion Biosystems, USA). An electrospray voltage of 
1.7 kV (+/− ) and a transfer capillary temperature of 200 ◦C were 
applied. High resolution product ions were detected in the Fourier 

transform ion cyclotron resonance (FTICR) cell of the mass spectrom-
eter. UV recording was made on a Shimadzu UV–vis-1601 spectropho-
tometer. Paper chromatographic analysis (PC) was carried out on 
Whatman No. 1 paper, using solvent systems: (1) H2O; (2) 2% HOAc 
(acetic acid: H2O, 98:2); (3) BAW (n-BuOH− HOAc-H2O, 4:1:5, upper 
layer); (4) B BPW (Benzene-n-BuOH–Pyridine– H2O, 1:5:3:3, upper 
layer), all solvents are of HPLC grades (Sigma-Aldrich, US). 

2.2. Plant materials 

Collection of leaf celery, Karafs was made at a farm in Nile Delta, 35 
Km north of Cairo, in June 2019. Authentication was achieved by Dr. S. 
Kawashty, Prof of Botany, National Research Centre (NRC), Giza, Egypt. 
Voucher specimen (K, 32) was deposited at the herbarium of the NRC. 

2.3. Preparation of extract 

Fresh leaves of celery (2 kg), was homogenized in EtO–H2O (3:1) 
(three extractions each with (2000 mL). The filtrate was then dried 
under reduced pressure at 50 ◦C to yield dark brown amorphous mate-
rial (100 g). 

2.4. Estimation of the total phenolic and flavonoid contents 

The total phenolic content was calculated as gallic acid equivalents 
(GAE) per g of sample using Folin-Ciocalteu reagent and a calibration 
curve prepared with gallic acid. Moreover, the total flavonoid content 
was determined as catechin equivalents (CE) per g of sample using an 
aluminium chloride (AlCl3) colorimetric assay (Zilic et al., 2012). 

2.4.1. Isolation of polyphenols 1–8 
CEE was found to contain a complicated mixture of phenolics, 

which includes mainly phenyl propanoids as detected by 2-dimen-
tional paper chromatographic screening (TDPC, spots of fluorescent 
blue, or greenish blue color, under UV light). The chromatograms 
revealed in addition the presence of two dark purple spots which 
turned lemon yellow when fumed with ammonia vapor, thus suggest-
ing its flavonoid nature. The search for new, potentially biologically 
active compounds becomes much more efficient after sorting out all the 
known structures in that mixture through exhaustive extraction of the 
parent extract (70 g) under reflux by ethyl acetate for eight h and the 
subsequent analysis by TDPC. 

2.4.2. Isolation of the new compounds 1 and 2 
The residue left after ethyl acetate extraction (67.9 g) was shown by 

TDPC to contain mainly the two previously detected flavonoids 
appearing on the chromatograms as two distinct dark purple spots under 
UV light. A portion (62.5 g) of that residue was then applied to a 
Sephadex LH-20 (450 g) column (100 × 5 cm) and eluted with H2O 
followed by H2O/MeOH mixtures of decreasing polarities. The elution 
process was monitoring the column under UV light whereby, two dark 
purple bands migrated successively along the column. They are indi-
vidually desorbed by 30 and 50 % aqueous MeOH to yield 180 mg of 
crude compound 1 eluted by 30 % and 400 mg of crude compound 2 
eluted by 50 % aqueous methanol (TDPC). Purification of the crude 
materials thus received after removing of the solvent, was achieved by 
applying each, individually to an MCI gel column eluted by n-butanol 
water saturated. Repeating the MCI gel column process twice led to the 
desorption of chromatographically pure samples of 1 (39 mg) and of 2 
(130 mg), respectively. 

2.4.3. Isolation of known compounds 3–8 
Compounds 3–8 were individually separated from the ethyl acetate 

extract by repeated preparative paper chromatography (prep. PC) using 
Whatmann paper number 3 MM and H2O: acetic acid (94:6) mixture as 
solvent. Repeated Prep.PC, twice afforded pure chromatographic 
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samples of each of known compounds 3–8. 

2.4.4. Apigenin-7-O-β-apiofuranoside 1 
Faint brown amorphous powder, Rf-values: 0.33 (H2O), 0.48 

(HOAc), 0.3. 5 (BAW). UV λmax nm in MeOH: 268 330; NaOAc: 268, 332; 
NaOC-H3BO3: 267, 380; AlCl3: 276, 297, 380; NaOMe: 270, 299, 378. 
HRFIMS: (negative mode): [M− H]− ion at m/z = 401.3431 (calcd. for 
C20H17O9, m/z =401.344355 Da). Normal acid hydrolysis by 2 N 
aqueous HCl, for two h gave: abiofuranoseo (CoPC): (Rf values X 100), 
Solvent (3): β-apiofuranose = 20; sugar markers: arabinose = 26.28, 
xylose = 30.28, rhamnose = 40.0; solvent (4): β-apiofuranose = 23; 
sugar markers: arabinose = 27.9, xylose = 33, rhamnose = 42, and api-
genin: Rf –values [0.88 (BAW), 0.15 6% AcOH, 0.05 (H2O), UV λ max in 
MeOH: 269, 330. NMR data of 1: Apigenin moiety: ppm δ 7.97 (2H, d, 
J = 8 Hz, H-2′, H-6′); 6.95 (2H, d, J = 8 Hz, H-3′, H-5′), 6.42 (1 H, d, 
J = 2.5 Hz, H-6); δ 6.85 (1 H, d, J = 2.5 Hz, H-8); 6.88 (1 H, singlet, H-3); 
apiofuranoside moiety: ppm 5.40 (1H, broad singlet, half line width, 
Δν1/2 = 4 Hz, anomeric proton), four resonances between δ 4.30 and δ 
3.20 interfered by water protons and apigenin phenolic proton reso-
nances. 13C NMR data of apigenin-7-O-β-apiofuranoside (Table1). 

2.4.5. Apigenin-7-O-β-(5′′ -E-p-coumaroyl)-β-apiofuranoside, Karafsin 2 
Light brown amorphous powder, Rf-values: 0.38 (H2O), 0.52 

(HOAc), 0.41 (BAW). UV λmax nm in MeOH: 269 8, 334.0; NaOAc: 256.0, 
268, 339.8; NaOC-H3BO3: 258.0, 267, 348.6; AlCl3: 276, 298, 345.2; 
NaOMe: 265.0, 389.8. HRFIMS: [M− H]− 1 547.4889 corresponding to a 
molecular weight (Mr) 548 D, molecular formula of C29H23O11 (calcd 
547.4876); ESI-MS-MS: m/z 401 [M− H-146]- and m/z 269 [M− H- 
146− 132]- Normal acid hydrolysis (2 N aqueous HCl, 2 h) gave apio-
furanoseo (Rf values X 100): Solvent (3) 20, solvent (4) 23; p- coumaric 
acid: Rf values: 0.88 BAW, 0.15 6% AcOH, 0.05 H2O; UV λ max in MeOH: 
269, 330; and apigenin. 1H NMR data of 2: apigenin moiety: ppm δ 7.97 
(2H, d, J = 8 Hz, H-2′, H-6′) ; 6.95 (2H, d, J = 8 Hz, H-3′, H-5′), 6.42 (1 H, 
d, J = 2.5 Hz, H-6); δ 6.85 (1 H, d, J = 2.5 Hz, H-8); 6.88 (1 H, singlet, H- 
3); apiofuranoside moiety: δ 4.13 (m, H-5) & 4.02 (m, H-5′), 5.40 (1H, 
broad singlet, half line width, Δν1/2 = 4 Hz, anomeric proton H-1); E-p- 
coumaroyl moiety: δ 6.20 (d, J = 16 Hz, H-8), 6.8 (d, J = 8 Hz, H-3and H- 
5),7.55 (d, J = 16 Hz, H-7), 7.6 (d, J = 8 Hz, H-2 and H-6). 13C NMR data 
of compound 2, (Table1). 

2.5. In-vitro studies 

2.5.1. DPPH assay 
The estimation was done according to the method of Brand-Williams 

et al. (1995). All experiments were carried out in triplicate. Ascorbic 
acid was used as positive control. 

2.5.2. Oxygen radical absorbance capacity (ORAC assay) 
The antioxidant capacity of CEE, compound 1 and 2 in phosphate- 

buffered saline (10 mM, pH 7.4) were assayed by measuring the time 
of fluorescein fluorescence decay (Sigma), produced by 2,2′-azobis (2- 
amidinopropane) dihydrochloride (AAPH) in comparison with the pos-
itive control trolox (Lucas-Abellán et al., 2008). 

2.5.3. Cell culture 
RAW 264.7 macrophages cell line, was grown in adhesion on Petri 

dishes and maintained at 37 ◦C as described by Picerno et al. (2005). 

2.5.4. Cytotoxic activity (MTT assay) 
Cell viability was estimated by the MTT reduction assay (Lopes et al., 

2012). The results of cell viability correspond to the mean ± S.D. of at 
least four independent experiments performed in triplicate and are 
expressed as the percentage of the untreated control cells. 

2.5.5. Analysis of NO (as total nitrites) 
RAW 264.7 macrophages cells were harvested, plated to a seeding 

density of 1.5 × 106 in P60 well plates. After 2 h of cell adhesion, CEE 
(0.0625–1 mg/mL) or karafsin (0.0625–1 mg/mL) in PBS solution was 
added to the culture medium 1 h before and simultaneously to LPS 
(6 × 103 U mL− 1/24 h). Nitrite accumulation as NO release indicator, 
was measured in the culture medium by the Griess reaction (Green et al., 
1982) 24 h after LPS challenge, according to Picerno et al. (2005). 
Amount of nitrite in each sample was calculated using a standard curve 
of freshly prepared sodium nitrite in culture medium and exposed to the 
positive control for NO production (LPS). 

2.5.6. Assays of COX-2 and 5-LOX activities 
RAW 264.7 macrophages were incubated for 72 h. After 24 h acti-

vation of culture is done by adding 1 μL lipopolysaccharide then incu-
bation for 24 h. CEE or karafsin were added after incubation for 24 h to a 
final concentration of 25, 50,100, 500 mg/mL and incubated for 24 h. 
Diclofenac Sodium (100 mg/mL) was added and incubated for 24 h, 
used as standard and anti-inflammatory assay was done in pellet sus-
pended in a small amount of supernatant. Measurement of the super-
natant was done at 632 and 234 nm for COX-2 and 5-LOX activities, 
respectively (Viji and Helen, 2008). 

2.6. Preparation of CEE topical gel formula 

2.6.1. Preparation of CEE gel base 
The gelling base sodium alginate was solubilized slowly while stir-

ring in 80 mL of demineralized water for 30 min. Disodium edetate, 
triethanolamine and glycerin were dissolved in 20 mL water and stirred 
for 20 min with 2.5 g of CEE then added slowly to sodium alginate so-
lution while stirring until a homogenous gel obtained (Mohamed, 2004). 

2.6.2. Evaluation of the prepared CEE gel formula 

2.6.2.1. Homogeneity. The prepared CEE topical gel was checked for 
homogeneity, gel appearance and absence of aggregates by visual in-
spection (Mohamed, 2004). 

2.6.2.2. Extrudability study. Aluminum collapsible tube was filled with 
10 g of celery gel and hold between fingers then tube was compressed by 
applying finger pressure and the extrudability percentage was 

Table 1 
13 C NMR assignments of compounds (1) and (2) in DMSO-d6.  

Carbon 1 2 Free β-apiofuranosea 

2 164.4 164.7  
3 103.8 103.5  
4 182.5 182.5  
5 161.5 161.5  
6 98.3 98.6  
7 162.7 162.0  
8 95.0 95.3  
9 157.0 157.4  
10 105.6 105.8  
1’ 121.3 121.8  
2′ 128.9 129.7  
3′ 116.1 116.3  
4′ 161.5 162.0  
5′ 116.1 116.3  
6′ 128.9 129.1  
β-apiofuranoside    
1′′ 109.3 109.0 103.4 
2" 76.5 77.2 78.9 
3" 79.8 79.9 80.5 
4" 74.2 74.0 74.6 
5′′ 64.10 65.0 65.3 

13C assignments of 5′′-mono-E-p-coumroyl moieties in compound 2: (C-1) 125.0, 
(C-2)130.7, (C-3) 115.5, (C-4) 162.9, (C-5) 115.5, (C-6) 130.7, (C-7) 145.1, (C-8) 
115. (C-9) 166.43. 

a Data (Tenji Konishi et al., 1996). 
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calculated (Mohamed, 2004; Ambala and Vemula, 2015). 

2.6.2.3. pH value determination. By using digital pH meter pH value of 
gel was determined. Twenty-five mg of gel was dissolved in 100 mL of 
distilled water and the pH test was done. The pH of gel must be ideally 
near to normal pH of the skin (5.5) to avoid any irritation (Mohamed, 
2004). 

2.6.2.4. Celery topical gel formula content. One gm of celery topical gel 
was taken and solubilized in 50 mL phosphate buffer pH 5.5. The flask 
was kept for 1 h with shaken properly. The solution was filtered and 
10 mL filtrate was taken and diluted and measured spectrophotometri-
cally at 280 nm against phosphate buffer as blank. Celery extract content 
value gives a test for the dose uniformly of the gel formula (Ambala and 
Vemula, 2015). 

2.6.2.5. Viscosity study. Brookfield viscometer was used to measure the 
viscosity of the prepared celery gel (Aiyalu et al., 2016). 

2.6.2.6. Spreadability study. The Spreadability of celery topical gel was 
determined by calculating the spreading diameter of gel between two 
horizontal plates of 30 cm × 30 cm. The diameter of spreaded circle 
formed was determined (Aiyalu et al., 2016). 

2.6.2.7. Grittiness. Under light microscope the celery gel tested for the 
presence of particles. Obviously, the gel preparation fulfils the require-
ment of freedom from particular matter and from grittiness is considered 
as ideal topical preparation (Aiyalu et al., 2016). 

2.6.2.8. In-vitro diffusion study. The in-vitro diffusion study of prepared 
celery topical gel was carried out in diffusion cell apparatus according to 
Aiyalu et al. (2016). The cumulative amount of celery extract released 
was calculated and expressed in % plotted against time. 

2.7. Determination of plant safety / acute toxicity 

Median lethal dose (LD50) of CEE was determined on groups each 6 
male albino mice (30− 35 g) after administration of single doses orally 
ranging from 1 to 2 g/kg b.wt. which represent the maximum soluble 
dose (Andress, 1992). No toxicity or mortality signs after oral adminis-
tration of celery extract were observed in any group during 24 h. Thus, 
CEE was considered safe up to 2 g/kg b.wt. It is valued that the thera-
peutic doses would be 1/10 and 1/20 of the maximum soluble dose. 
Accordingly, doses that might be used in the in-vivo studies were (200 
and 100 mg/kg) for CEE. 

2.8. In- vivo anti-inflammatory activity of CEE topical gel formula 

2.8.1. Experimental animals 
The experiment was conducted using Albino Wistar rats of both 

genders weighing 160− 200 g. The rats were kept in plastic cages in a 
controlled environment (25 ◦C ± 2 ◦C) and had unrestricted access to 
food and water. The procedure was conducted upon the approval of the 
ethics committee at October University for Modern Sciences and Arts 
(MSA) and according to the guidelines for the treatment and care of 
laboratory animals issued by the US National institute of Health (NIH 
publication 85− 23 revised 1985). 

2.8.2. Rat paw edema 
The carrageenan model for induction of paw edema was employed to 

assess the anti-inflammatory activity of 1% CEE topical gel preparation 
against the topical standard marketed non-steroidal anti-inflammatory 
drug 1% diclofenac sodium. One percent of freshly prepared carra-
geenan (0.1 mL) was injected in the rats’ right hind paw to induce 
inflammation and edema (Gupta and Kaur, 2015). A total of 18 rats were 

randomly allocated into 3 groups (6 rats in each group). The untreated 
control group, where carrageenan was injected to induce inflammation 
and paw edema and no treatment was applied, the CEE topical gel 
group, where inflammation was induced and then celery topical gel was 
applied, and finally the diclofenac sodium group, where inflammation 
was induced and the standard diclofenac was applied. Both standard and 
test gel were applied to the sub-plantar tissue of the right hind paw of 
animal in 1 g quantity and gently rubbed using the index finger for 50 
times after the carrageenan injection. The size (thickness) of the right 
hind paw was measured with a digital caliper before (0 h) and after the 
injection of the carrageenan at several time intervals (1, 2, 3 and 4 h) 
(Misal et al., 2012). 

2.8.3. Percentage edema inhibition 
Edema inhibition percentage was calculated as follows: 
Percentage inhibition = 1-(y-x/b-a)*100 
Where, x = test group initial paw thickness before treatment, y = test 

group paw thickness animal after treatment, a = control group initial 
paw thickness, b = control group final paw thickness. 

2.8.4. Histopathological examination 
The rat paw skin specimens were fixed in 10 % formol saline, trim-

med off and then washed and dehydrated using ascending grades of 
alcohol. The dehydrated skin specimens were then washed using xylene, 
embedded in paraffin blocks and cut into 4− 6 μm thick sections. Xylol 
was then utilized to remove the paraffin from the tissue sections and 
hematoxylin and eosin (H & E) were used for staining in order to 
perform the histological examination using the electric light microscope 
(Bancroft and Stevans, 2013). The stained sections were scored by two 
investigators in a blind fashion, and the degree of inflammation was 
assessed according to Hussein et al. (2013) and given a score from 0 to 5. 
The scores were defined as follows: 0 = no inflammation, 1 = mild 
inflammation, 2 = mild/moderate inflammation, 3 = moderate 
inflammation, 4 = moderate/severe inflammation and 5 = severe 
inflammation. 

2.9. Statistical analysis 

Data regarding MTT assay was expressed as % viability of RAW 
264.7 macrophages. Statistical analysis was performed using Kaleida 
Graph 4.0 Synergy Software Inc (Reading, PA, USA). One-way ANOVA, 
followed by a Scheffemultiple range test, was used to determine the 
statistical significance in comparison to treated and untreated cells. NO 
production was expressed as percentages of inhibition calculated vs cell 
treated with LPS alone. All data were calculated from mean ± S.D. 
values of six independent experiments in triplicate. Statistical analysis 
was performed by ANOVA and multiple comparisons by Bonferroni test 
(Picerno et al., 2005). TFhe p-value<0.05 was statistically significant. 
The IC50 value (dose giving 50 % inhibition of NO production) was 
calculated by graphic interpolation of the concentration–effect curves. 

3. Results 

3.1. Total phenolic and flavonoid contents 

The total phenolic content in CEE was estimated as 189.17 ± 1.66 mg 
GAE/g. In addition, the total flavonoid content in the CEE was measured 
as 65.39 ± 0.35 mg CE/g. Thus, CEE was found to be a rich source of 
polyphenolic phytochemicals (Aryal et al., 2019). 

3.2. Identification of polyphenols from CEE 

Eight phenolics 1–8 from CEE, including two hitherto unknown 
natural products, namely, apigenin 7-O-mono-β-apiofuranoside 1 and 7- 
O-β-(5′′-E-p-coumaroyl)-apiofuranside, karafsin 2 together with the 
known phenolics; p-coumaric 3 (El Mousallami et al., 2002), caffeic acid 
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4 (Hussein et al., 2003), ferulic acid 5 (Hussein, 1997), p-hydroxy 
benzoic acid 6 (Hussein, 1997), chlorogenic acid 7 (Farah et al., 2008) 
and the flavone apigenin 8 (El Ansari et al., 1995). All structures were 
confirmed by direct interpretation of their spectral data, using high 
resolution mass spectrometry (HRESIMS), 1D- and 2D-NMR (HSQC, and 
HMBC). 

3.2.1. Identification of apigenin-7-O-β-D-apiofuranoside 1 
The negative HR-ESI-MS of compound 1 showed a pseudomolecular 

ion peak at m/z [M− H]− 401.4319 in accordance with a molecular 
formula of C20H17O9 (clacd. 401.4333) indicating a molecular weight of 
402 da (Dalton) for compound 1. ESI-MS-MS experiment showed further 
fragment at m/z 270 [M− H-132]-, suggesting the presence of a pentosyl 
moiety (C5H7O4) and at m/z 152 and m/z 118 ascribable to the Retro- 
Diels–Alder fragments of ring A and B of a flavone skeleton. The 1H NMR 
spectrum of 1 showed two doublets at δ 7.97 (2H, J = 8 Hz) and d 6.95 
(2H, J = 8 Hz), due to the equivalent 2′,6′ and 3′,5′, protons respectively, 
in ring B- of 4-oxygenated flavonoid. In addition, two meta coupled 
dublets, J = 2.5 Hz at δ 6.42 and δ 6.85 assignable to the H-6 and H-8 
protons of ring A in 5,7-dihydroxy flavone and a singlet at δ 6.88 as-
cribable to H-3 proton of the C ring in that suggested flavone, respec-
tively were also recognized. The 13C NMR spectrum displayed 20 
carbons (Table 1), whereas the HSQC spectrum gave a correlation be-
tween H-8 with the signal at δ 95.0 (C-8) and H-6 with signal at δ 99.81. 
The HMBC spectrum gave correlations between H-8 and C-6, C-7 and C- 
10. These set of experimental data led to identification of apigenin as the 
aglycone of compound 1 (El-Ansari et al., 1995). The β-apiofuranose 
moiety was confirmed by the presence of an anomeric proton at δ 5.40 
(1H, broad singlet, half line width, Δν1/2 = 4 Hz), as well as from four 
other signals between δ 4.30 and δ 3.20 interfered by water protons and 
apigenin phenolic proton signals in the 1H NMR spectrum. 

The recorded 13C NMR spectrum of 1 exhibited two distinct pattern 
of carbon resonances typical for 7-O glycosylated apigenin and for 
apiofuranoside moieties (Table 1). The configuration of the D-β-apio-
furanosyl moiety was assigned after hydrolysis of 1 with 2 N aqueous 
HCl. The released aglycone was extracted from the hydrolysate by ethyl 
acetate and proved by CoPC (comparative paper chromatography) and 
UV spectral analysis to be apigenin. The aqueous acidic hydrolysate, 
thus left was freed from acid by being shaken twice with N, N-dimethyl 
octyl amine in CHCl3. The left acid free aqueous solution was then dried 
under reduced pressure, at 50 ◦C and taken in some few drops of 
methanol. CoPC of the received dried hydrolysis product against 
authentic sugar markers. Using solvents (3) and (4) proved the identity 
of the hydroloysis sugar product to be D-apiose. The apiofuranosyl ring 
configuration was also confirmed by comparing 1H δ values with those 
reported for β-D-apiofuranose (Konishi et al., 1996). Furthermore, the 
recognized down field shift of δ value of the anomeric carbon in the 
recorded spectrum of 1 at δ 109.0, on comparison with the corre-
sponding δ reported for the anomeric carbon of free apiofuranose and 
the subsequent up field shift of δ value of the apiofuranose C-2 moiety to 
δ 76.5 ppm in the 13C NMR spectrum of 1, in comparison with δ 
78.9 ppm for C-2 in free apiofuranose is obviously due to substitution at 
the anomeric carbon of 1 by the apigenin moiety. Similar shifts were 
reported by (Markham et al., 1978). The HMBC spectrum confirmed the 
location of the apiose at C-7 of apigenin by showing connectivity be-
tween the anomeric hydrogen of apiose and the carbon at δ 162.7 (C-7). 
The HSQC spectrum furnished all the direct correlations between pro-
tons and corresponding carbons. Comparison with literature data also 
confirmed the 13C values for apigenin -7-O-glycoside (El-Ansari et al., 
1995). Thus, the structure of 1 could be deduced as being the new 
flavone glycoside, apigenin-7-O-mono-β-D-apiofuranoside (Fig. 1). 

3.2.2. Identification of apigenin-7-O-β-(5′′-E-p-coumaroyl)-apiofuranside, 
karafsin 2 

A light brown amorphous powder, showed chromatographic prop-
erties (dark purple spot on paper chromatogram under UV light, turning 

lemon yellow when fumed with ammonia vapor, moderate migration in 
aqueous and organic solvents, reminiscent of flavone glycosides. UV 
spectral analysis in methanol and on addition of shift reagents (Mabry 
et al., 1970) confirmed the presence of a free hydroxyl at 4′-position 
(stable MeONa spectrum) and a substituted hydroxyl at the 7-position 
(no shift with NaOAc) of that proposed flavone structure. Normal acid 
hydrolysis of 2 (2 N aqueous HCl, 2 h, 100 ◦C) yielded apiose (compar-
ative paper chromatography, Co-PC), apigenin and p-coumaric acid 
(Co-PC, UV spectral and 1H NMR). Consequently, 2 is apigenin-7-O--
β-(E-p-coumaroyl) -apioside. The HRESIMS (negative-ion mode) of 
compound 2 exhibited a pseudomolecular ion peak at [M− H]− 1 

547.4889 corresponding to a molecular weight 548 D, ascribable to a 
molecular formula of C29H23O11 (calcd 547.4876) Further fragment ion 
peaks were observed in the ESI-MS-MS spectrum at m/z 401 
[M− H-146]- and m/z 269 [M− H-146− 132]- corresponding to the suc-
cessive loss of p-coumaroyl and pentosyl moieties. In order to determine 
unambiguously the structure of 2, especially the site of attachment of the 
p-coumaroyl moiety it was necessary to apply NMR spectroscopic 
analysis. The 1H-NMR spectrum of 2 (DMSO-d6, room temperature) 
revealed two distinct methylene proton resonances at δ ppm 4.13 & 4.02 
(each m) assignable to a C-5 methylene apioside carbon attached at the 
C-7 apigenin carbon (HMQC and HMBC). Resonances of the C-2 and C-4 
apioside protons appeared more upfield in the region from δ 3.3–3.9, 
overlapped with water protons signal. In this spectrum an anomeric 
proton, assigned to the C-1 apiofuranosyl unit, was found resonating at δ 
5.20 (d, J = 3 Hz). The characteristic protons of the E-p-coumaroyl 
moiety resonated in this spectrum at δ 6.20 (d, J = 16 Hz, H-8), 6.8 (d, 
J = 8 Hz, H-3and H-5), 7.55 (d, J = 16 Hz, H-7), 7.6 (d, J = 8 Hz, H-2 and 
H-6). The spectrum showed in addition, the presence of a 7-O substituted 
apigenin moiety by the proton resonances at δ 6.40 (d, J = 2.5 Hz) and 
6.80 (d, J = 2.5 Hz), assignable to the H-6 and H-8 of this moiety. These 
two chemical shift values were closely similar to those reported for the 
corresponding proton resonances in the spectrum 7-O-apioside apigenin 
1. In this spectrum the chemical shifts of the B ring proton resonances 
(See experimental) were found to be in close agreement with the pro-
posed structure. The 13C NMR analysis of 2 confirmed proposed struc-
ture. As expected, the spectrum (DMSO-d6, room temperature) exhibited 
five distinct apioside carbon resonances (Table 1). The anomeric carbon 
resonance was recognized from the downfield signal at δ 109.0, while 
the most upfield resonances at δ 64.94 was assigned to the methylene 
C-5 apioside carbon bearing the p-coumaroyl moiety. The 13C NMR 
shifts of the aglycone part of 2, (Table 1) corresponded well with the 
shifts for apigenin, with the only significant difference being those 
corresponding to C-6, C-7 and C-8. These shifts are analogous to those 
reported when the 7- hydroxy group, in a flavone is glycosylated 

Fig. 1. Chemical structures of apigenin-7-O-β-D-apiofuranoside (1) and apige-
nin-7-O-β-(5′′-E-p-coumaroyl)-apiofuranside, karafsin (2). 
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(Agrawal, 1989). From the assigned aglycon and sugar carbon signals 
values, deduced from HSQC experiments it was apparent that a p-cou-
maroyl mono saccharide unit was attached to C-7 of the aglycone. The 
chemical shifts of all the individual protons of the sugar unit were 
attributed on the basis of the 13C chemical shifts of their relative 
attached carbons which were clearly assigned from the HSQC spectrum. 
These data showed the presence of β-p-coumaroyl-apiofuranosyl moiety 
substituted at its C-5 apiose carbon as indicated by the downfield shift of 
this C-5 signal (46.94) signal. An unambiguous determination of the 
linkage site was followed from the HMBC spectrum, which showed key 
3J correlation cross peaks between the anomeric proton of the apiose at δ 
5.3 and the C-7 of the apigenin at 162.00; and between the C-5 apiose 
protons (δ 4.13 and 4.02) and the carbonyl carbon of the p-coumaroyl 
moiet (δ 166.43). The β-configuration at the anomeric position for the 
apiofuranosyl unit followed from its coupling constant. Therefore, the 
structure of 2 was determined as the new flavone glycoside, Apigeni-
n-7-O-β-(5′′-E-p-coumaroyl)-β-apiofuranoside, for which we suggest the 
name Karafsin (Fig. 1). 

3.3. In-vitro studies 

3.3.1. DPPH assay 
The antioxidant capacity of the CEE, apigenin-7-O-β-apiofuranoside 

1 and karafsin were determined using the DPPH assay. The EC50 values 
were 5.5 ± 1.02 μg/mL, 3.5 ± 2.13 μg/mL and 1.5 ± 2.13 μg/mL 
respectively compared with the positive control Vit. C (EC50 of 
1.83 ± 1.41 μg/mL) which indicates powerful antioxidant capacity of 
apigenin 7-O-mono-apiofuranoside and karafsin. 

3.4. ORAC assay 

The antioxidant capacity of CEE, apigenin 7-O-mono-apiofuranoside 
and karafsin were determined using the ORAC assay. The EC50 values 
were 4.2 ± 1.42 μg/mL, 2.85 ± 1.99 μg/mL and 1.85 ± 1.99 μg/mL 
respectively which were much lower than the positive control Trolox, 
which had an EC50 of 28.0 ± 14.3 μg/mL, further confirming the high 
antioxidant activity of apigenin 7-O-mono-apiofuranoside and karafsin. 

3.5. Assessment of cytotoxic activity (MTT assay) 

Before the evaluation of the potential in vitro anti-inflammatory ac-
tivity of CEE, the potential cytotoxicity of CEE and karafsin towards 
RAW 264.7 macrophages cell line was evaluated by (MTT) reduction 
assay. RAW264.7 cells were exposed to CEE and karafsin for 24 h. At h 
24 only ethanol extract and karafsin showed a significant difference for 

concentrations equal or greater than 0.5 mg/mL. The results indicated 
that celery extract treatment of raw macrophages highly induced the cell 
proliferation, starting from the treated concentration (0.5 mg/mL), 
which led to 5.56 ± 2.52 % of control increase in the cell proliferation 
(P < 0.05). On the other hand, karafsin treatment with raw macrophages 
highly induced the cell proliferation significantly (P < 0.001), starting 
from the concentration 0.5 mg/mL, which led to 15.16 ± 2.43 % of 
control increase in the cell proliferation as shown in (Fig. 2). The highest 
concentration tested (1 mg/mL) increased cell viability by 10.22 ± 2.42 
% of control (P < 0.001). At the same concentration (1 mg/mL), karafsin 
increases cell viability by 20.61 ± 2.51 % of control (P < 0.001) as 
shown in (Fig. 2). 

3.5.1. Assessment of COX-2 activity 
The effects of CEE and karafsin on production of prostaglandins were 

evaluated by in- vitro COX-inhibitor screening assay of COX-2 activity. 
The percentage inhibition at different concentrations was calculated and 
the results are presented in (Fig. 3 a). Both CEE and karafsin inhibited 
COX-2 activity in a dose-dependent manner; there was an increase in the 
inhibitory activity of both with a rise in the concentration. The results 
exhibit that CEE and karafsin have affinity toward COX-2. The extract 
and karafsin at 100 and 500 mg/mL displayed significant COX-2 
inhibitory activity with the extent of inhibition in the range of 
65.76 ± 2.67 %, 73.39 ± 3.1 %, 70.33 ± 2.97 % and 79.35 ± 2.68 %, 
respectively. Diclofenac sodium was used as positive control. 

3.5.2. Assessment of 5-LOX activity 
LOX inhibition is potential for the treatment of allergy, inflammatory 

disorders and cancer. Due to this reason, the effects of CEE and karafsin 
on leukotrienes production were determined by the inhibition of 5-LOX 
activity and the results are shown in (Fig. 3b). Inhibition of LOX by the 
non-steroidal anti-inflammatory drugs is in the same manner to that of 
rat mast cell LOX, and can be used as an indicative screen for such ac-
tivity (Katsori et al., 2011). Both CEE and karafsin inhibited 5-LOX ac-
tivity in a dose-dependent manner; there was an increase in the 
inhibitory activity of both with a rise in the concentration. The initial 
screening showed that CEE and karafsin at 100 and 500 mg/mL were 
strong inhibitors of 5-LOX with the extent of inhibition in the range of 
70.39 ± 2.86 %, 75.12 ± 2.67 %, 75.77 ± 2.57 % and 83.21 ± 2.88 %, 
respectively. Diclofenac sodium was used as positive control. 

3.5.3. Analysis of nitric oxide (NO) 
During inflammation NO production is increased by the inducible 

nitric oxide synthase (iNOS) which is an important inflammatory 
mediator. The in-vitro activity of CEE and karafsin on NO production by 

Fig. 2. Viability of RAW 264.7 macrophages treated with CEE and karafsin for 24 h; The data representthe percentage of macrophage viability at each concentration 
(mean ± S.D.), n = 4. 
Statistical significance using One-way ANOVA, followed by a Scheffemultiple range test: * p < 0.05, ** p < 0.01, *** p < 0.001. 
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LPS-stimulated RAW264.7 macrophages were assessed. Percentage of 
NO was calculated against control (Aquino et al., 2002) which is shown 
in (Fig. 4). Cells were pre-incubated for 2 h with both CEE and karafsin 
and then exposed for 22 h to LPS as shown in (Fig. 4), at non-toxic 
concentrations CEE decreased NO levels in a dose-dependent manner 
(IC50 = 0.254 mg/mL). At the highest concentration tested (1 mg/mL), it 
decreased NO levels by 62.95 ± 3.94 %. On the other hand, karafsin was 
able to decrease NO levels in a dose-dependent manner 

(IC50 = 0.177 mg/mL). At the highest tested concentration (1 mg/mL), it 
decreased NO levels by 71.25 ± 3.65 % (Fig. 4). 

3.6. Evaluation CEE topical gel formula 

The developed gel was tested for color, clarity and homogeneity by 
visual inspection after the gel has been set in the container. It was tested 
for appearance, pH value, gel content, and rheological properties. So-
dium alginate gel showed transparent appearance with excellent smooth 
homogeneity and free of any aggregates with suitable spreadability and 
extrudability values (Table 2). pH shows excellent value of 5.5 ± 0.68 
which was suitable for skin applications and the extract content of gel 
was found 98.5 %. The consistency reflects the capacity of the gel, to get 
ejected in uniform and desired quantity when the tube was squeezed. 
Consistency is inversely proportional to the distance travelled by falling 
cone. The consistency of the substance is one of the most important 
features to anti-inflammatory topical formulations due to being applied 
to the thin layers of the skin. The gel was of excellent viscosity value to 
be spread well on the skin. In-vitro diffusion study through cellophane 

Fig. 3. (A) Effect of CEE and karafsin on inhibition of prostaglandins using the 
cyclooxygenase-2 (COX-2) inhibitory assays, (B) Effect of celery ethanol extract 
and karafsin on inhibition of leukotrienes using the 5-lipoxygenase (5-LOX) 
inhibitory assay. Inhibition obtained (%) is expressed as mean ± S.D. of the 
mean of three independent experiments performed in triplicate. One-way 
Anova followed by Tukey-Posthoc -Test were used to determine the statistical 
significance: * p < 0.05, ** p < 0.01, *** p < 0.001. 

Fig. 4. Effect of CEE and karafsin on NO production by LPS-stimulated RAW 
264.7 macrophages; Results are presented as mean ± S.D. of the mean of six 
independent experiments performed in triplicate. (a) significant difference from 
control (b) significant difference from LPS. Statistical significance using One- 
way ANOVA, followed by by Bonferroni test: * p < 0.05, ** p. 

Table 2 
Evaluation of celery ethanol extract topical gel formula.  

Test Result 
Appearance Yellowish white color 

Homogeneity homogenous 
Extrudability study Good (80 %) 
pH 5.5± 0.68 
Drug content 98.1 % and 98.96 % 
Viscosity 2500±0.32 cp 
Spreadability 3.67± 0.23 
Grittiness Absent  

Fig. 5. In-vitro diffusion study of CEE gel formulation. % Cumulative amount 
celery extract released is expressed as mean ± S.D. of the mean of three inde-
pendent experiments performed in triplicate. 

Fig. 6. Effect of topical application of CEE gel. Data were analyzed using One- 
way ANOVA followed by Tukey’s Test. Each value represents the mean ± S.D. 
for n=6. Values are compared to the untreated control group, * p<0.05, 
**p<0.01, ***p<0.001. 
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membrane has shown 75 % cumulative celery extract released after 3 h 
and it was increasing with time (Fig. 5). Hence the gel preparation fulfils 
the entire requirements as desired for any topical formulation. 

3.7. In-vivo studies 

3.7.1. Evaluation of anti-inflammatory activity of CEE topical gel formula 
The effect of CEE topical gel formula on carrageenan-induced paw 

edema in rats were shown in (Fig. 6). The injection of carrageenan 
generated an inflammatory reaction and edema leading to an increase in 
the rat paw size. Celery gel was able to significantly (p <0.001) inhibit 

rat paw edema in a time dependent manner compared with the un-
treated control group, with a maximum percentage inhibition of 79.51 
% observed after 4 h of carrageenan injection using diclofenac sodium 
gel 1% as a standard gel formulation. 

3.7.2. Histopathological examination 
Normal group: Control animals showed normal histological struc-

ture of rat paw skin. The skin of paw is characterized by a thick 
epidermal layer covered with a deeply eosinophilic keratin layer. The 
dermal layer is composed of dense fibrous connective tissue and few 
number of blood capillaries without any inflammatory reaction score 

Fig. 7. Histopathologic examination 
representative photographs from the 
skin showing the protective effect of the 
celery topical gel formulation against 
carrageenan-induced inflammation in 
rats. Control group (a) Control rats 
showed normal histological structure of 
paw skin of rat showing average skin 
epidermis with average keratin (blue 
arrow), average dermis with average 
pilo-sebaceous units (black arrow), 
average hair follicles (red arrow) and 
average superficial (yellow arrow) and 
deep blood vessels (green arrow), un-
treated control group (b), Inflammation 
induced in paw skin treated with 
carrageenan, showing epidermis with 
detached keratin (blue arrow), mark-
edly edematous dermis with few hair 
follicles (black arrow), mildly dilated 
superficial (red arrow) and markedly 
dilated deep blood vessels (green 
arrow), marked inflammatory infiltrate 
extending to underlying bone (yellow 
arrows), celery gel formulation (c), rats 
treated by celery extract as anti- 
inflammatory drug showing mild 
epidermal edema (blue arrow), dilated 
superficial blood vessels (black arrow), 
and marked edema with mild inflam-
matory infiltrate extending to. 
underlying muscles (red arrows), stan-
dard group (d), rats treated by diclofe-
nac as an anti- inflammatory drug 
showing average epidermis with 
average keratin (blue arrow), dermis 
with few small-sized hair follicles (black 
arrow), mildly dilated superficial (red 
arrow) and deep blood vessels (green 
arrow), and mild edema extending to 
subcutis (yellow arrow). (e) Semi- 
quantitative assessment of pathological 
changes induced by carrageenan. a 
Normal group: Tissue section of rat paw 
skin showing normal histological struc-
ture score 0 (H&E x400).b Injured 
group: Tissue section of rat paw skin 
showing massive inflammatory cells 
infiltration arrow score 4 (H&E x400). c 
- Test Group: Tissue section of rat paw 
skin treated by celery ethanol extract 
topical gel formulation showing low 
grade of inflammatory cells infiltration 
arrow score 2 (H&E x400). d: Standard 
group: Tissue section of rat paw skin 
treated by dicolfenac sodium showing 
marked reduction of inflammatory re-
action score 1(H&E x400).   
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0 (Fig. 7a). Untreated control Group: Carrageenan-induced inflam-
mation in paw skin characterized by cellular infiltration, mainly poly-
morphonuclear leucocytes (PMNL), eosinophils, lymphocytes and 
macrophages at the borderline between the dermis and subcutis. 
Congestion and edema of dermal blood capillaries and edema were also 
observed score 4 (Fig. 7b). Test Group: CEE topical gel was able to 
reduce inflammation, where there was a significant decrease in in-
flammatory cell infiltration compared with the injured group. Also, the 
dermal layer revealed mild edema with less prominent dilatation of the 
blood vessels score 2 (Fig. 7c). Standard Group: Diclofenac treated 
group showed mild inflammatory cells infiltration compared with the 
injured group. Also, mild congestion of blood capillaries and low in-
tensity of edema were seen in the dermal layer score 1 (Fig. 7d). 

4. Discussion 

Plant polyphenols and flavonoids have been previously reported to 
have both in-vitro and in-vivo anti-inflammatory activity. In addition, 
recent studies illustrated that specific flavonoids, especially flavone 
derivatives from the class of the new isolates, show in-vitro anti- 
inflammatory activity by modulating pro-inflammatory gene expres-
sion. They include iNOS, COX-2 and other several pivotal cytokines 
(Sharma et al., 2007; Lim et al., 2019). The process of inflammation also 
incorporates the activation of inflammatory mediators like neutrophil 
derived free radicals and reactive oxygen species (ROS) (Conforti et al., 
2008; Udegbunam et al., 2012). Large number of derivatives of the 
acylated flavonoids (the class of karafsin) can be found in different 
plants and also in human diet. They are reported to have different bio-
logical activities such as anti-oxidant, anticancer and antimicrobial ac-
tivity (Mohammed et al., 2015; Amen et al., 2015; Salem et al., 2011). 

Despite the reported anti-inflammatory activity of other varieties of 
celery, there is no data in the literature on Apium graveolens var. seca-
linum Alef leaf phytoconstituents, anti-inflammatory activity and, its 
mechanism of action. 

The results of this study showed that CEE with its high content of 
polyphenols and the new acylated flavonoid karafsin may all of them 
responsible for the biological activity of celery. The ability of CEE and 
karafsin to neutralize free radicals during the inflammation, and the 
suppression of NO, 5-LOX and COX-2 in RAW 264.7 macrophages cells 
(without significantly affecting cell viability which was> 90 % at all 
tested concentrations) might contribute to the inhibitory impact on 
progression of inflammatory reaction mediators thanks to the presence 
of the acylated flavonoids (Udegbunam et al., 2012). 

Moreover, CEE was found safe at an oral LD50 > 2 gm/kg in rats. CEE 
topical gel formulation 1% was able to significantly reduce rat paw 
edema by 79.51 % after 4 h of treatment as well as infiltration of in-
flammatory cells compared with the untreated group. The observed 
results were comparable to that of the standard group of diclofenac 
sodium gel 1%. 

Phytochemical investigation of CEE resulted in the isolation of 
unique acylated flavonoid, 7-O-β-(5′′-E-p-coumaroyl)-apiofuranside, 
karafsin, and the hitherto unknown, apigenin 7-O-mono-β-apiofurano-
side, together with 6 known polyphenols. Polyphenols 1–8 isolated from 
CEE reported to have antioxidant and/or anti-inflammatory activity. 
Apigenin and its derivatives reported to inhibit both COX-2 and iNOS in 
a dose-dependent manner with reduction of macrophage M-CSF-induced 
proliferation without affecting cellular viability (Comalada et al., 2006). 
Oldenlandia diffusa may exert its anti-inflammatory effects via p-cou-
maric acid, in a mechanism that included the suppression of inflam-
matory cell infiltration, as well as the levels of TNF-α and IL-6 (Zhu et al., 
2018). Caffeic acid mediates multiple cell protection mechanisms, 
involving both anti-inflammatory and anti-oxidant effects by decreasing 
NF-κB and IL-1β expression in the cochlea and opposing the oxidati-
ve/nitrosative damage induced by noise insult (Paciello et al., 2020). 
Nile et al. (2016) reported that the results presented for ferulic acid, 
caffeic acid and p-coumaric revealed excellent anti-inflammatory 

activities evaluated by TNF-α and IL-6 inhibition assays compared to 
dexamethasone. Para- hydroxybenzoic acid is reported to be capable of 
mitigating oxidative stress induced by hydrogen peroxide, which is 
thought to contribute to neuronal cell death in neurodegeneration and 
potent neuroprotective under conditions of excitotoxicity. Meanwhile it 
showed no anti-inflammatory activity in microglial cells stimulated with 
lipopolysaccharide (Winter et al., 2017). In addition, chlorogenic acid 
significantly inhibited not only NO production but also the expression of 
COX-2 and iNOS, without any cytotoxicity. Chlorogenic acid also 
attenuated pro-inflammatory cytokines (including IL-1β and TNF-α) and 
other inflammation-related markers such as IL-6 in a dose-dependent 
manner. (Hwang et al., 2014). This supports the current results sug-
gesting synergistic activity of CEE polyphenols. Therefore, CEE pos-
sesses potential as a potent natural anti-inflammatory candidate. 

5. Conclusion 

CEE showed high polyphenols and flavonoids content, in addition 
significant in vitro antioxidant activity for CEE and karafsin. Our results 
clearly indicated the in-vitro inhibitory activity of CEE and karafsin on 
NO release, COX-2 and 5-LOX, when added before LPS stimulation in the 
medium of J774.A1 cells. The 1% CEE topical gel was able to signifi-
cantly reduce rat paw edema and inflammation. The results are com-
parable to those observed in the standard diclofenac sodium group, with 
almost the same potency. The anti-inflammatory and anti-edematous 
properties exhibited by CEE might be due to reduction of NO produc-
tion and inhibition of both COX-2 and 5-LOX and also can be attributed, 
at least partly, to its content of acylated flavonoid derivatives. This is 
evidenced by their anti-oxidant properties and ability to inhibit COX-2, 
5-LOX and NO release. It is concluded that CEE should be used in both 
pharmaceutical and food industries in different conditions of 
inflammation. 
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