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Abstract

Aim: The Araliaceae family member Hedera helix L is well-known in traditional medicine for its ability to effectively
treat a wide range of illnesses. This study uses High-Pressure Liquid Chromatography (HPLC) with a Photodiode
array detector (PDA) detector to examine the phytochemical composition of the ethanolic extract obtained from
Hedera helix leaves and explores its potential as an anti-inflammatory agent. Specifically, flavonoids and polyphenolic
compounds are the focus of this analysis.

Methods: Ethanol was used to extract compounds from ivy leaves. Real-time reverse-transcriptase polymerase chain
reaction (RT-PCR) was used to investigate its anti-inflammatory properties using lipopolysaccharide-pretreated white
blood cells. Phytochemical analysis of the ivy leaf extract was conducted using the reversed-phase HPLC with PDA.
Results: High-Pressure Liquid Chromatography of the ethanolic extract revealed the presence of numerous poly-
phenolic compounds, three of which were successfully identified as 4-Hydroxyphenyl acetic acid, rutin, and hesper-
idin. Furthermore, the extract demonstrated significant anti-inflammatory properties, notably inhibiting the gene
expression of Interleukin-6.

Conclusions: The results of this investigation underscore the anti-inflammatory potential of Hedera helix extract.
Various polyphenolic compounds and flavonoids were detected in the ethanolic extract, three of which were suc-
cessfully identified. These compounds are presumed to be responsible for the observed activities. Further studies are
necessary to elucidate the specific mechanisms of action.
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take, or treatments, as well as diverse physiological and
pathological states like age, pregnancy, lactation, and tum-
origenesis. This RNA is then reverse-transcribed and am-
plified using DNA polymerase. Specific primers amplify
target genes during the RT-PCR analysis process, which
typically involves denaturation, annealing, and extension
phases in each cycle. Through successive cycles, one copy
of the target gene undergoes doubling, then quadrupling,
and eventually exponential amplification, resulting in a
significant increase in copies™.

The use of herbal medicine and products made from
plants for treating various pathological illnesses has in-
creased significantly in recent decades. They have numer-
ous health benefits and lack harmful or severe side effects
compared to synthetic chemicals®.

Dry Ivy leaf extract, scientifically known as Hedera he-
lix L. in the Araliaceae family, is extensively employed to
alleviate symptoms associated with acute or chronic in-
flammation of the respiratory system, particularly when
coupled with coughing™®. Studies have demonstrated its
anti-inflammatory properties in mice with chronic-in-
duced asthma, corroborating its efficacy in managing re-
spiratory conditions’.

The bioactive compounds found in Hedera helix leaves
have drawn more attention lately. Early research exam-
ined H. helix saponins' antibacterial® and antifungal
properties’. The primary component of the cell wall
of gram-negative bacteria is called lipopolysaccharides
(LPS). Only after bacterial lysis or any other external
damage is it released into the extracellular medium to
carry out its specialized bioactivity. Due to their specific
harmful effects, LPS are referred to as endotoxins. Lipo-
polysaccharides are frequently employed as an effective
external agent that causes inflammatory responses either
in vivo ot invitro'’.

Pro-inflammatory cytokines, such as Intelukin-6 (IL-6),
are produced and elevated after LPS treatment of poly-
morphonuclear cells via NFK-B cascade signal path-
ways''. Interlukin-6 is secreted by many cells, including
human polymorphonuclear leukocytes as neutrophils,
lymphocytes, and monocytes'. Its main function is to
mediate and regulate immune response against bacteria
and other germs".

In the context of inflammation, interleukin-6 plays a ma-
jor pro-inflammatory effect as it contributes to the ini-
tial stages of the inflammatory response'®. When there is
tissue damage or infection, immune cells release IL.-6 to
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trigger a cascade of immune responses. It helps recruit
other immune cells to the site of inflammation, increases
the production of acute-phase proteins by the liver (such
as C-reactive protein), and stimulates the production of
other pro-inflammatory cytokines like II.-1 and TNF-al-
pha. These responses help the body mount a defense
against potential threats™".

To the best of my knowledge, this work has not been
conducted before in the literature. Therefore, the current
research aims to investigate the anti-inflammatory effect
of the ethanolic extract of the Ivy plant by Real-time
reverse-transcript PCR and to analyze the extract for its
polyphenolic compounds and flavonoids by HPLC-PDA.

Materials and methods

Plant Collection

Hedera helix plants were collected in June 2022 from the
wild in Ramallah/ West Bank. The leaves were dried in the
shade for one week, and then finely ground using a mor-
tar and pestle. The plant was classified by Khalid Sawalha
and preserved in the Herbarium of Al Quds University
under voucher number AQU-H-2014-0154

Extraction

Five grams of dried Hedera helix leaves were soaked in
50 ml of ethanol (99%) and subjected to ultra-sonica-
tion for two hours. After suction filtration, the solvent
was evaporated using a rotary evaporator operating at low
pressure after filtering the mixture. The resulting viscous
crude extract is transferred into small glass screw-capped
bottles, the bottles were placed in a refrigerator for fur-
', For HPLC analysis, the extract was
dissolved in 99% ethanol to a concentration of 1.0 mg/
ml. The analysis (HPLC and anti-inflammatory activity)
was performed in triplicate for each of the three samples.

ther examination

Determination of Phytochemicals by HPLC-PDA

High-pressure liquid chromatography equipped with a
photodiode array detector (HPLC with PDA) was used
for the analysis of 27 compounds of phytochemicals
(phenolic compounds and flavonoids). Hypersil RP BDS
C18 column (Thermo Scientific, 150 x 4.6 mm, 3 um)
was used, with a flow rate of 0.7 mL/minute using the
gradient elution method. Table 1 shows the mobile phase
composition and the gradient elution program used to
detect main components, where (A) is 1.0% acetic acid
and (B) is acetonitrile. The PDA range was set from
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210 to 400 nm, while the column temperature was set to
25°C. The injection volume was set to 20 pL.. All samples
were filtered through a 0.45 um disposable filter.

The following standards: gallic acid, 3,4-dihydroxybenzo-
ic acid, 3,4-dihydroxyphenylacetic acid, chlorogenic acid,
4-hydroxyphenyl acetic acid, vanillic acid, caffeic acid,

syringic acid, p-coumaric acid, ferulic acid, sinapic acid,
rutin, verbascoside, quercetin, trans-cinnamic acid, and
kaempferol were prepared using a solvent of 20% eth-
anol with a concentration of 0.25 mg/ mlL. A standard
mixture was made by mixing 1.0 mL of each standard
solution into a 25 mL volumetric flask that was made up
of volume with the same solvent.

Table 1: Mobile phase composition.

Time B (1.0 % HAc) C (ACN)
0 93 7
40 80 20
50 65 35
70 40 60
75 10 90
78 93 7
80 93 7

Cell culture

Five milliliters of freshly transfused whole blood were
utilized for the isolation of polymorphonuclear cells. Un-
der sterile conditions, the blood was mixed in a 1:1 ratio
with phosphate-buffered saline (PBS) in equal volumes.
Subsequently, three milliliters of Ficoll-Histopaque were
carefully pipetted into a 15-milliliter conical tube. The
PBS and blood mixture were gently poured into the tube,
which was then centrifuged at 400 xg for 20 minutes.
Following centrifugation, the polymorphonuclear cells
(PMNCs) were aspirated, and three wash cycles were per-
formed using 10 ml of PBS in a 12-milliliter conical tube,
centrifuging at 100 xg for ten minutes each time. Finally,
the cells were separated and utilized in our investigation.
The separated PMNCs were enriched by adding heat-in-
activated 10% Fetal Bovine Serum (FBS) and 100- ug
ml-1 streptomycin, 100 Uml-1 penicillin to Roswell Park
Memorial Institute (RBMI) medium. The mixtures were
incubated in a 12-well tray for 24 hours at 37°C with 5%
CO2. Each well was used to incubate 1 ml of the mixture,
which includes 1 million of the cells. Different extract
concentrations were applied to cells that had been stimu-
lated by lipopolysaccharide (1 pug/well).
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Trypan blue exclusion cytotoxicity test for cell via-
bility

The cytotoxicity of the Ivy leaves extract was assessed
using the trypan blue exclusion test. Trypan blue was di-
luted to become 0.4% in normal saline and then mixed
with an equal amount of the cell suspension. Three hun-
dred pg of the extract was added to the mixture. We used
a Hemocytometer to count the cells. Dead cells were blue
and the live cells were unstained.

RNA Extraction

RINA was extracted from cultured human PMNCs. After
the media was removed, cells were pelleted after centrif-
ugation at 55,000 xg for 15 minutes. Pellets were lysed
using 1ml Trizol (TRI) reagent per 10 cm2 plate, collected
in Eppendorf tubes, and allowed to stand for 5 minutes
at room temperature.

For each tube, 0.2 ml chloroform was added, vortexed for
15 seconds, and left to stand for 5-15 minutes at room
temperature. The mixture was centrifuged at 12,000-xg
for 15 minutes at 40 C. The mixture was separated into
three layers, and the aqueous supernatant colorless lay-
er containing RNA was transferred to a new Eppendorf
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tube. For each tube, 0.5 ml ice-cold 2-propanol was add-
ed and allowed to stand for 5-10 minutes at room tem-
perature before centrifugation at 12,000 xg at 40C. The
RNA was detected as a white precipitate in the bottom
of the tube. The RNA pellet was washed with 1 ml 70%
ethanol and centrifuged at 7,500-xg for 5 minutes at 40C.
The supernatant was removed and the RNA pellet was air
dried for 5 minutes.

cDNA synthesis

cDNA was synthesized using a maxima cDNA synthesis
kit according to the manufacturer's recommendation us-
ing Tug RNA /sample. The reaction was carried out in an
APPLIED BIOSYSTEMS thermocycler according to
the following protocol; incubation at 250C for 10 min-
utes followed by incubation at 500C for 15 minutes and
the reaction was terminated at 850C for 5 minutes.

Gene expression evaluation using RT-PCR

The level of Interlukin-6 (IL6) gene expression using the
actin gene as reference was quantitated by Real-time PCR
using 2X SYBR™ Green PCR Master Mix and the syn-
thesized cDNA after dilution 1:1with nuclease-free water
and the relevant primers after dilution to 10 uM. Two
sets of primer pairs were used in RT-PCR to quantify the
expression levels of IL6. The primers are illustrated in
Table 2.

The samples were arranged in a 96-well real-time PCR
plate, sealed, and centrifuged. The reaction was per-
formed using APPLIED BIOSYSTEMS 7500 RT PCR
machine according to the following program; Initial de-
naturation at 950C for 15 seconds followed by 40 cycles
of 950C for 30 seconds, annealing at 600C for 60 sec-
onds, elongation at 600C for 60 seconds and dissociation
curve at 950C for 15 sec.

Table 2: Primers list in Real-time PCR

IL-6 Forward
Reverse
B-actin Forward
Reverse

Statistical analysis

Three samples of Ivy plant (Hedera Helix) were inde-
pendently analyzed and all of the determinations were
carried out in triplicate. The results are expressed as
means T standard deviations. All statistical analyses were
carried out using SAS (SAS Institute Inc., Cary, USA, Re-
lease 8.02, 2001). Comparisons of means were carried
out using the GLM procedure, treating the main factor
separately using one-way analysis of variance (ANOVA).
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5- CCTCCAGA ACAGATTTGA GAGTAGT -3’

5"- GGGTCAGGGGTGGTTATTGC -3

5-TGAGACCTTCAACACCCCAGC -3'

5~ ACAGCTTCTCCTT AATGTCACGC- -3'.

The Bonferroni procedure was employed with multiple
t-tests to maintain an experiment-wise of 5%.

Results

Cytotoxicity of the Ivy Leaves extract

Compared to the control group, Ivy leaf extract has no
discernible impact on the viability of the PMNCs. These
outcomes are shown in Table 3. These findings suggest

that any potential decrease in cytokine production is not
caused by the demise of PMNCs.
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Table 3: Effects of LPS and Ivy leaf extracts on the viability of PMNCs.

Contents

Cells only

Cells with
LPS

Cells with LPS and 300 pg/ml
extract

Viability%o

96% + 1.5

94%=+ 1.7

93.2+

Results are expressed as average — standard deviation (n = 3).
LPS, lipopolysaccharide; PMNCs, polymorphonuclear cells.

Anti-inflammatory activity of The Ivy leaf extract
Using Real-Time PCR, the anti-inflammatory potential
of the Ivy leaf extract was examined concerning the ex-
pression of the IL-6 gene. As a control, the b-actin gene
was employed. Table 4 presents the results.

Ivyleaf extract contains many bioactive compounds, such
as saponins, flavonoids, and other polyphenols, which are
expected to contribute to its potential anti-inflammatory
effects'’.

Table 4: Interleukin-6 gene expression upon the effect of the Ivy Leaves extract

PMNC:s only

Control ( B-actin)

PMNCs with LPS

PMNCswith 150 p g extract and LPS
PMNCs with 300 p g and LPS

Fold change of IL-
6 Gene expression

1

614+1.7
181 +1.5
33+1.2

Results are expressed as average — standard deviation (n = 3).

HPLC chromatogram of standards

Figure 1 shows a chromatogram of the 27 standards of
phenolic compounds and flavonoids using the developed
method in this study at 330 nm. Table 5 shows the reten-

tion time and UV spectrum of these polyphenolic stan-
dards separated using the method.

Table 5: Retention time and UV spectrum of the poly-
phenolic standards separated using the method.
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Figure 1: chromatogram of the 27 standards of phenolic compounds and flavonoids using

the developed method in this study at 330 nm.
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Table 5: Retention time and UV spectrum of the polyphenolic standards separated
using the method.

Name R.T. UV scan
o (min) .
1 Gallic acid 33 “
AV

2 | 3,4-Dihydroxybenzoic acid 6.67 g -
N\

3 | 3,4-Dihydroxyphenyl acetic acid 8.19

4 | Chlorogenic acid 11.07
5 | 4-Hydroxyphenyl acetic acid 13.64 m IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
6 | Vanillic acid 14.61
F—r€Caffeie—aeid +5-65
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8 | Syringic acid 16.11

9 |Isovanillic acid 16.58 —
10 |p-Coumaric acid 23.53 l

11 |Ferulic acid 28.05 —
12 | Smapic acid 28.54

13 |Ellagic acid 29.95

14 |Rutin 31.10
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15 | Verbascoside 35.15 o

16 |Naringin 4031 | .

17 |Hesparidin 42.41
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20 | Quercetin 50.64 i

2 .00
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21 | Trans- Cinnamic acid 51.53
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a | Naringenin 54.18
23 | Apigenin 54.81
24 | Kaempferol 55.0

25 | Hesperidin 55.62
26 | Chrysin 63.23
27 | Galagnin 64.55

High-Pressure Liquid Chromatography chromato-
gram of Ivy leaf extract

High-Pressure Liquid Chromatography results were ex-
pressed in these selective chromatograms. Figure 2 shows
the chromatogram for the Ivy extract. The identification
was done through the retention time and wavelengths of
the UV spectrum for both standards and samples. Eight
peaks were detected, where 3 of them were identified:
4-Hydroxyphenyl acetic acid at 13.52 minutes, rutin at
31.51 minutes, and Hesperidin at 42.97 minutes. 4-Hy-

African Health Sciences, Vol 25 Issue 2, June, 2025

droxyphenyl acetic acid is a potent antioxidant'®, while
Rutin has antioxidant and anti-inflammatory effects and
it might also offer some protection against cancer and
other diseases. Rutin (rutoside, quercetin-3-O-rutinoside)
is the glycoside combining the flavonol quercetin and the
disaccharide rutinose (x-L-rhamnopyranosylcentrifuga-
tion at-(1—06)-B-D-glucopyranose). It is a flavonoid gly-
coside found in a wide variety of plants". Hesperidin is a
flavanone glycoside found in citrus fruits and many other
plants, and its aglycone is hesperetin. Hesperidin plays a
role in plant defense™.
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Figure 2: HPLC chromatogram of Ivy leaves extract and UV spectrum of each peak.
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In the literature, many studies investigated the phyto-
chemicals of Ivy leaf extract and found a lot of phyto-
chemicals e.g; triterpene saponins namely a-herein, hed-
era saponin-C, hederacoside-E, and hederacoside-F, in
addition to phenolic acids (caffeic, chlorogenic, neo chlo-
rogenic, caffeoyl-quinic, rosmarinic, dihydroxybenzoic
protocatechuic, p-coumaric), and flavonoids (quercetin,
kaempferol, rutin, isoquercitrin, astragalin, kaempferol
rutinoside)****,

Discussion

To our knowledge, this is the first time to detect the in-
terleukin-6 level using the Real-time reverse-transcrip-
tase method. Previous investigations for the presence of
interleukin-6 were carried out through Enzyme Linked
Immuno immunosorbent assay (ELISA). Although ELI-
SA is a reliable technique but has certain drawbacks, and
the narrow dynamic range is one of them. The dynamic
range of an assay refers to the range of concentrations
over which the assay can accurately and reliably measure
analytes. In the case of ELISAs, this range can be limited,
and samples with concentrations outside this range may
need to be diluted for accurate measurement. Another
challenge associated with ELISA is the matrix interfer-
ence which may cause false positives or negatives, affect-
ing the assay's sensitivity and specificity®.

Highly specific PCR assays with low cross-reactivity and
low detection limits are characteristics of well-designed
assays. Real-time PCR has a wide dynamic range and is
unaffected by matrix interferences®*.

Interleukin-6 is a member of the gp130 cytokine family,
which also includes many other cytokines that are use-
ful in the pathophysiology of many diseases. Patients
with metabolic disorders have significantly higher levels
of TNF-a and IL-6. It is among the proinflammato-
ry cytokines that have higher basal levels than those of
normal controls™”. Intetleukin-6 is one of the import-
ant proinflammatory cytokines that play a critical role in
the inflammation and immune response. It is secreted in
response to tissue injuries, infections, and many inflam-
matory stimuli. It helps in the synthesis of acute phase
reactants, the production of antibodies, as well hemato-
poiesis*?’. It is among the cytokines that are responsible
for inducing fever during infections. It works on the hy-
pothalamus to increase body temperature as part of the

body's defense mechanism to counteract pathogens'*.

African Health Sciences, Vol 25 Issue 2, June, 2025

Understanding the effect of IL.-6 on inflammation is
important for developing therapeutic interventions and
gaining insights into the pathophysiology of various im-
mune-related disorders®’
pression in LPS-pretreated mononuclear phagocytic cells

. An increase in I.-6 gene ex-

is a promising indicator of our procedure's efficacy in
inducing an inflammatory response as shown in Table 4.
As shown in Table 3, the extract from Ivy leaves is a
strong anti-inflammatory agent that reduces the expres-
sion of the IL-6 gene. Its components might prevent
specific inflammatory processes, which might reduce the
expression of the IL-6 gene. Nevertheless, this is early
research, and it's unclear exactly how Ivy leaf extract in-
fluences the expression of the IL-6 gene.

The HPLC data provide some insight into the phyto-
chemical composition of Ivy leaf extract (Hedera helix
L..). High-Pressure Liquid Chromatography is an effective
analytical method for separating and quantification of
various compounds in a sample. The identification pro-
cess involves comparing the retention time and UV spec-
trum of both standards and samples. This dual approach
enhances the accuracy of compound identification. Eight
different peaks can be seen on the HPL.C chromatogram,
which highlights the Ivy extract's complexity. Three com-
pounds—rutin, hesperidin, and 4-hydroxyphenyl ace-
tic acid—have been successfully identified among these
peaks. Each of these compounds contributes significant-
ly to the therapeutic and medicinal activities of Ivy leaf
extract. 4-Hydroxyphenyl acetic acid is well-known for its
antioxidant activity, contributing to the overall free-radi-
cal scavenging capacity of the extract. Rutin, a flavonoid,
possesses anti-inflammatory and anti-cancer potential.
Hesperidin, another flavonoid, is recognized for its car-
diovascular benefits.

Accurately identifying the active compounds in Ivy ex-
tract is essential to understanding its bioactivities and
therapeutic potential because different compounds may
have different effects. These results could facilitate more
investigation and study into the particular health advan-
tages linked to the compounds found in Ivy extract. Fur-
thermore, this analytical technique offers a consistent
way to evaluate the quality of Ivy extract and guarantee
that its phytochemical profile is consistent.

Conclusion

Through the use of Real-Time reverse-transcript PCR,
the investigation demonstrated the anti-inflammatory
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properties of the Hedera helix extract by downregulating
IL-6 gene expression. Three identified compounds, one
phenolic acid and two flavonoids, are thought to be re-
sponsible for these effects. The ethanolic extract contains
a large number of polyphenolic compounds and flavo-
noids. Additional investigation is required to clarify their
modes of action.

This study also explored the cytotoxicity and anti-in-
flammatory effects of Ivy leaf extract, along with its
phytochemical composition analyzed via HPLC. Results
indicated no significant cytotoxic effects on PMNCs, sug-
gesting that observed reductions in cytokine production
were not due to cell death. Moreover, the extract demon-
strated anti-inflammatory effects by downregulating I1.-6
gene expression, a novel discovery using Real-Time PCR.
HPLC analysis identified various beneficial compounds
such as rutin and hesperidin, known for their antioxidant
and anti-inflammatory properties. The study underscored
the limitations of traditional IL.-6 detection methods and
underscored the advantages of Real-Time PCR. These
findings enhance our understanding of Ivy extract's me-
dicinal potential, yet further research is warranted to un-
ravel its mechanisms and clinical applications. Continued
exploration of Ivy extract's phytochemical composition
may unveil novel bioactive compounds with therapeutic
benefits.

Acknowledgment

We are grateful to Prof.Darweesh for allowing us to use
his lab for conducting some of our experiments at his lab
at Arab American University-RamalAllah.

Author disclosure statement
The authors declare that no competing financial interests
exist.

Author contribution statement

The authors confirm contribution to the paper as follows;
Study conception and design Khaled Qabaha, Jehad
Abbadi, Fuad Rimawi; data collection: Khaled Qabaha,
Jehad Abbadi, Fuad Rimawi; analysis and interpretation
of results: Khaled Qabaha, Jehad Abbadi, Fuad Rimawi
draft manuscript preparation: Khaled Qabaha, Jehad Ab-
badi, Fuad Rimawi. All authors reviewed the results and
approved the final version of the manuscript.

Funding information
No funding was received for this article

341

References

1. Aliyu M, Zohora FT, Anka AU, Ali K, Maleknia S, Saf-
farioun M, et al. Interleukin-6 cytokine: An overview of
the immune regulation, immune dysregulation, and ther-
apeutic approach. Int Immunopharmacol. 2022;111:109130.

2. Bedir E, Kirmizipekmez H, Sticher O, Calis 1. Triter-
pene saponins from the fruits of Hedera helix. Phytochen:-
zstry. 2000;53(8):905-9.

3. Christensen LP, Lam ], Thomasen T. Polyacety-
lenes from the fruits of Hedera helix. Phytochemistry.
1991;30(12):4151-2.

4. Okba MM, Abdel Baki PM, Abu-Elghait M, Sheha-
beldine AM, El-Sherei MM, Khaleel AE, et al. UPLC-
ESI-MS/MS profiling of the underground parts of
common Iris species in relation to their anti-virulence
activities against Staphylococcusaureus. | Etbnopharmacol.
2022;282:114658.

5. Coufal §, Kverka M, Kreisinger J, Thon T, Rob F, Kolar
M, et al. Serum TGF-<i>f</i>1 and CD14 Predicts Re-
sponse to Anti-TNF-<i>«</i> Therapy in IBD. Journal
of Immunology Research. 2023;2023:1535484.

6. Eischeid AC, Stadig SR, Rallabhandi P. Comparison of
real-time PCR and ELISA for the detection of crusta-
cean shellfish allergens. Food Addit Contanr Part A Chem
Anal Control Expo Risk Assess. 2021;38(4):563-72.

7. Frejo L, Gallego-Martinez A, Requena T, Martin-Sanz
E, Amor-Dorado JC, Soto-Varela A, et al. Proinflammato-
ry cytokines and response to molds in mononuclear cells
of patients with Meniere disease. S¢z Rep. 2018;8(1):5974.
8. Cioaca C, Margineanu C, Cucu V. The saponins
of Hedera helix with antibacterial activity. Pharmazie.
1978;33(9):609-10.

9. Moulin-Traffort J, Favel A, Elias R, Regli P. Study of
the action of alpha-hederin on the ultrastructure of Can-
dida albicans. Mycoses. 1998;41(9-10):411-6.

10. Tian C, Zhang P, Yang ], Zhang Z, Wang H, Guo Y,
et al. The protective effect of the flavonoid fraction of
Abutilon theophrasti Medic. leaves on LPS-induced acute
lung injury in mice via the NF-xB and MAPK signalling
pathways. Biomedicine & Pharmacotherapy. 2019;109:1024-
31. PubMed

11. Mokhtari-Zaer A, Norouzi F, Askari VR, Khazdair
MR, Roshan NM, Boskabady M, et al. The protective ef-
fect of Nigella sativa extract on lung inflammation and
oxidative stress induced by lipopolysaccharide in rats.
Journal of Ethnopharmacology. 2020;253:112653.

12. Su X, Zhu B, Qin L, Yang J, Wei L, Xu Z, et al. Joint
fluid interleukin-6 combined with the neutral polymor-

African Health Sciences, Vol 25 Issue 2, June, 2025



phonuclear leukocyte ratio (PMN%b) as a diagnostic index
for chronic periprosthesis infection after arthroplasty.
Journal of Orthopaedics and Traumatology. 2023;24(1):34.

13. Rose-John S. Interleukin-6 signalling in health and
disease. F1000Res. 2020;9.

14. Siddiq A, Naveed AK, Ghaffar N, Aamir M, Ahmed
N. Association of Pro-Inflammatory Cytokines with Vi-
tamin D in Hashimoto&rsquo;s Thyroid Autoimmune
Disease. Medicina. 2023;59(5):853. PubMed

15. Yrondi A, Sporer M, Péran P, Schmitt L, Arbus C,
Sauvaget A. Electroconvulsive therapy, depression, the
immune system and inflammation: A systematic review.
Brain Stimulation. 2018;11(1):29-51. PubMed

16. Al-Madhagy SA, Mostafa NM, Youssef IS, Awad
GEA, Eldahshan OA, Singab ANB. Isolation and struc-
ture elucidation of compounds from Coccinia grandis
leaves extract. Egyptian Journal of Chemistry. 2019.

17. Shrinet K, Singh RK, Chaurasia AK, Tripathi A, Ku-
mar A. Chapter 17 - Bioactive compounds and their fu-
ture therapeutic applications. In: Sinha Rp, Hider D-P,
editors. Natural Bioactive Compounds: Academic Press; 2021.
p. 337-62.

18. Nardini M, Ghiselli A. Determination of free
and bound phenolic acids in beer. Food Chemistry.
2004;84(1):137-43. PubMed

19. Malagutti AR, Zuin VG, Cavalheiro ETG, Mazo
LH. Determination of Rutin in Green Tea Infusions
Using Square-Wave Voltammetry with a Rigid Car-
bon-Polyurethane Composite Electrode. Electroanalysis.
20006;18(10):1028-34. PubMed

20. Pla-Paga L, Companys ], Calderén-Pérez L, Llaura-
do E, Sola R, Valls RM, et al. Effects of hesperidin con-
sumption on cardiovascular risk biomarkers: a systematic
review of animal studies and human randomized clinical
trials. Nutr Rev. 2019;77(12):845-64. PubMed

21. Trute A, Nahrstedt A. Identification and quantitative

African Health Sciences, Vol 25 Issue 2, June, 2025

analysis of phenolic compounds from the dry extract of
Hedera helix. Planta Med. 1997;63(2):177-9.

22.Yu M, Shin Y], Kim N, Yoo G, Park S, Kim SH. Deter-
mination of saponins and flavonoids in ivy leaf extracts
using HPLLC-DAD. J Chromatogr Sci. 2015;53(4):478-83.
23. Matson RS. ELISA-Based Biosensors. Methods Mol
Biol. 2023;2612:225-38. PubMed

24. Wang Z, Wei P. Shifting the paradigm in RNA virus
detection: integrating nucleic acid testing and immunoas-
says through single-molecule digital ELISA. Front Immu-
nol. 2023;14:1331981.

25. Mazloomi S, Barartabar Z, Pilehvari S. The Asso-
ciation Between Increment of Interleukin-1 and Inter-
leukin-6 in Women with Polycystic Ovary Syndrome
and Body Mass Index. | Reprod Infertil. 2023;24(1):26-34.
PubMed

26. Hashimoto-Kataoka T, Hosen N, Sonobe T, Arita
Y, Yasui T, Masaki T, et al. Interleukin-6/interleukin-21
signaling axis is critical in the pathogenesis of pulmo-
nary arterial hypertension. Proc Nat/ Acad Sci U S A.
2015;112(20):E2677-86.

27. Ling Y, Wang Y, Jiang X, Yuan C. Mechanism of the
promotion of GEFS+ by the STAT3-mediated expres-
sion of interleukin-6. Trans/ Pediatr. 2022;11(9):1491-501.
PubMed

28. Jedrzejewski T, Piotrowski ], Kowalczewska M,
Wrotek S, Kozak W. Polysaccharide peptide from Corio-
lus versicolor induces interleukin 6-related extension of
endotoxin fever in rats. Inz | Hyperthermia. 2015;31(6):626-
34. PubMed

29. Mclnnes IB, Schett G. Pathogenetic insights
from the treatment of rheumatoid arthritis. Lancet.
2017;389(10086):2328-37. PubMed

30. Uciechowski P, Dempke WOCM. Interleukin-6:
A Masterplayer in the Cytokine Network. Omncology.
2020,;98(3):131-7. PubMed

342



