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Abstract

This study tested Artemisia herba-alba leaf extract, Peganum harmala seed extract, and Phycocyanin against
Porphyromonas gingivalis. The data showed that concentration and exposure period affected water extract and drug
efficacy. This study examined the freezing and soluble antibacterial properties of the phycocyanin protein. Phycocyanin
inhibited the development of natural and mutant bacteria at various doses. The results showed that a concentration of 10%
for the extract of Artemisia herba-alba leaves and aqueous extract of Peganum harmala seeds and a mixture of them killed
the most bacteria after 24 hours, while a concentration of 1% had the least effect, killing 62.7% and 81% of the bacteria after
120 hours. A mixture of aqueous extracts of Artemisia herba-alba leaves and Peganum harmala seeds killed bacteria 100%
after 24 hours at 8% to 10%. The drug's PC protein reduced mutant strains' bacteria growth surface area.
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Introduction

Plants have several useful chemicals. Volatile oils,
antibacterial, antifungal, and other chemicals. Thus,
aqueous, oily, or alcoholic extracts may treat diseases,
reduce symptoms, heal wounds, etc. Different plant
extracts may be effective against different bacterial
strains and virulence factors or excretion toxins.
Porphyromonas  gingivalis causes severe gum
inflammation (Khalil et al., 2019).

A. herba-alba's Sinai Desert essential oil is
primarily 1,8-cineole and contains a- and b-thujone,
terpinene-4-ol, camphor, and borneol. (El-Tantawy,
2015; Liu et al., 2021).

Moroccan and Spanish A. herba-alba populations
include davanone, chrysanthenone, and cis-chrysanthenol.
Santolina and yomogi monoterpene alcohols are
discovered in several Negev desert villages (Putakala et
al., 2017; Ibitoye & Ajiboye, 2018).

A. herba-alba's aerial parts contained many
sesquiterpene lactones. Eudesmanolides and
germacranolides were most common. Most flavonoids
are methylated (patulin) or O-methylated (hispidulin and
curvilineal).  C-glycosides such as  isovitexin,
schaftoside, and isoschaftoside can be detected
(Aguilera-Mendez et al., 2018).

Haram, a perennial herb in the Zygophyllaceae
family, grows in Jinn, B. orba, North Africa, and West
Asia Goel (Boulos, 2009). Also spread in the center and
north of RAK and contains a high proportion of active
compounds, especially alkaloids, which constitute 4% B-
Carbolin Alkaloids and include Harmalin, Harmine,
Tetrahydro Harmine, Harman, and Harmalal (Yu et al.,
2021). The type Quinazoline includes Vasicinone and
Vasicine as well as turbocharged compounds in the form
of volatile oils and has proven to be effective against
many plant and animal nurses as its seeds are highly toxic
(Singhai & Patil, 2021).

Phycocyanin: Light-harvesting phycobiliprotein
pigment-protein complex phycocyanin, and
phycoerythrin. Chlorophyll's partner pigment. Unlike
carotenoids, all phycobiliproteins are water-soluble.
Instead, phycobiliproteins produce membrane-bound
phycobilisomes (Pan-Utai & lamtham, 2019).

Phycocyanin is light blue, absorbs orange and red
light at around 620 nm, and fluoresces at about 650 nm.
Blue-green algae are cyanobacteria (Laine et al., 1997).

Immunoassays use phycobiliprotein fluorescence.
Phycocyanin comes from the Greek word "phyco,” which
means "algae," and cyanin comes from "cyan," which
means "blue-green" (close to "aqua"), and "kyanos,"
which means "dark blue” (Jang & Kim, 2021).
Aphanizomenon flos-aquae and Spirulina produce the
natural coloring additive 'Lina Blue' or 'EXBERRY Shade
Blue', which is used in confections and ice cream.
Fluorescence identification of phycocyanin pigments in
water samples also monitors cyanobacteria biomass
(Friedewald et al., 2009).

Since it is stable up to 70°C and has equal light-
absorbing characteristics at 20 and 70°C, cyanobacteria
near hot springs commonly contain phycocyanin.
Thermophiles thrive in these conditions due to their
slightly different amino acid sequences (Rezaee &
Hajighasemi, 2019). 30,000 Da is the molecular mass. In
vitro, this protein is unstable at these temperatures.
Photospectral analysis of pure protein after 1 minute at
65°C showed a 50% loss of tertiary structure. (Mojarrab
et al., 2016).

PC protein: PC clotting experiments use a modified
APTT reagent using Southern copperhead snake venom-
derived PC activator, PC-deficient plasma, and calcium
chloride. The modified APTT stimulates PC and intrinsic
pathway factors. PC-deficient plasma clots in 30 s, while
normal plasma takes over 100 s (Jiang et al., 2016),
Patient plasma mixed with PC-deficient plasma prolongs
clotting time proportionally to PC concentration. PC
clotting tests, unlike chromogenic PC assays, detect
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functional PC deficits in calcium or phospholipid binding
(mutations in the Gladomain) and cofactor binding
(Enersen, et al., 2013). Anticoagulants, factor V Leiden,
LACs, elevated FVIII levels, and protein S concentration
also affect them. The DRVVT may be less sensitive to the
effects being researched for a functional PC activity test
(Khalil et al., 2019; Shaheen & lIssa, 2020).

Porphyromonas gingivalis: This bacterium causes
periodontal infections in the mouth, upper stomach,
respiratory tract, and colon. Bacterial vaginosis samples
were discovered too. Collagenase enzymes in this
species caused collagen relapse in chronic gum disease
(Miao et al., 2020) laboratory study reveals that a
gingival perforator can enter and stay in bubonic
gingival fibers with high antibiotic doses. In gingival
perforation, many bacteria and epithelial cells survive.
Gingival perforation patients had elevated antibody
levels (Abdallah et al., 2019).

Gingival perforation is linked to Alzheimer's and
rheumatic arthritis. PADI4, an enzyme in this bacteria,
aids sterling. Rheumatic arthritis patients have high rates
of gum disease and bacteria-fighting antibodies.
(Elhinnawi et al., 2018).

The paper aims to identify the effect of the aqueous
extract of A. herba-alba leaves and Peganum harmala
seeds on the bacteria activity. Also, find the effect of
combining the two aqueous extracts. And find the
effectiveness of phycocyanin as an antibiotic against
Porphyromonas gingivalis.

Material and Methods

Preparation of plant extracts: Haram seeds were
obtained from local markets and water extracts were
attended to each plant by taking 500 grams of vegetable
powder for each plant individually and placing it in a
bevel containing 500 ml of distilled water, then mixing
the ingredients with the mixer for 15 minutes leave the
solution for 24 hours and to the degree of the laboratory.
(Igbal et al., 2019 a).

Filter the solution with the compliment canvas and
then transfer the filter to the centrifuge at 3000 rpm for 10
minutes to get a slave solution and get rid of the remnants
of Az-ZP and then sterilize the filter with a pass-through
paper filter with 0.45 micrometer-diameter pores. (Atale
etal., 2017; Li et al., 2018).

Bacteria strains: The isolated bacteria samples from the
oral cavity were used with the first two normal strains and
the second one removed the amino acid lysine from them.
One ml of oral bacteria was taken and centrifuged for 5
minutes at 12,000 cycles per minute. After completion, the
stranded solution was removed, after which 800 microliters
of Krebs Ringer solution were added. The solution was
well blended with the bacteria and then another centrifugal
process was performed for 5 minutes at 12,000 cycles per
minute, after which the solution was removed, and the rest
kept at 37ct to be used later. (Sandoval & Jaffe, 2019). The
drug's PC protein was obtained by the freezing-thaw
technique (Igbal et al., 2019 b).
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Freeze-Thaw technique: The Freeze-Thaw approach is a
"Mild" homogenization method, and it is often used in
conjunction with other homogenization techniques. It
consists of rapidly freezing at 85°C and thawing at 4°C in
succession (the tubes may be thawed at 6-10°C in a water
bath for 10 minutes and maintained at 4°C). On average, two
to three Freeze-Thaw cycles are required. For optimal
results, tissues are often freeze-thawed once and
homogenized using a Teflon-coated pestle tissue grinder
(two to four passes). (Elansary et al., 2020), Typically, the
initial step in the formulation process is to freeze-thaw the
purified bulk medicinal product. Keeping the purified
medication in a frozen state permits the establishment of a
large product stockpile, hence enhancing production
flexibility. By decreasing the chance of microbial
development and delaying degrading processes mediated by
the presence of water, such as hydrolysis, storing the
medicine in a frozen state may boost the product's stability.
A protein kept in a frozen matrix is also less likely to interact
with other proteins to form aggregates (Jiang et al., 2016).

Preparing liquids

Plant extract concentrations: The concentrations that
were used in the experiment came from raw extract, and
they were prepared as a stock solution at a concentration
of 100%. The concentrations that were used in the
experiment were as follows: 1%, 3%, 5%, 7%, and 10%
of each 5%, 10%, 15%, 20%, and 25% of relying on the
mitigation law:

N1 x V1=N2 xV2

Which:

N1 = Pre-dilution extract concentration
V1 = Volume of the extract before dilution
N2 = Extract concentration after dilution
V2 = Extract size after dilution

Antibiotic concentration: A mixture 0.1 g of the
antibiotic Streptomycin Sulphate together with 0.1 g of
the substance and dissolved in 100 ml of distilled water.
(Offenbacher, 1996).

Statistical analysis

The data were statistically examined by using the T-
test via the Minitab statistical tool and comparing the
averages of the various transactions with the Duncan
Multi-boundary Test with the threshold of probability set
at P less than 0.05. (Gokyu et al., 2014).

Results and Discussion

The results of the statistical analysis of (Table 1)
show that there are significant differences between the
used pillars and the number of hours, showing that the
10% concentration is the best at all times studied. The 7%
concentration gave better results when used for 120 hours,
with the rate of killed bacteria being 100%, while the
lowest rate of bacteria killed was found to be 58.6% when
used for 24 hours.
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Table 1. Porphyromonas gingivalis Killing percentage after exposure to aqueous extract of Artemisia herba-alba leaves.
Percentage killings%
Exposures (hours)

Overall average impact

Concentration .
| of concentrations

24 | 48 | 72 | 926 120

Comparative 0 0 0 0 0 00f
1 17.4 25.1 33.9 515 62.0 37.98
3 21.0 13.4 15.0 63.7 735 37.32
5 27.2 40.8 58.8 80.3 90.2 59.46
7 58.6 70.1 81.0 91.7 99.5 80.18
10 100.0 100 100 100 100 100

General average with 44.84d 49.88d 57.74c 77.44b 85.04a

extended effect exposure

Table 2. Porphyromonas gingivalis Killing percentage after exposure to Aqueous extract of Peganum harmala seed.
Percentage killings%
Exposures (hours)

Overall average impact

Concentration .
| of concentrations

24 | 48 | 72 | 96 120
Comparative 0 0 0 0 0 0.0e
1 27.7 58.9 67.2 77.4 100 66.24C
3 37.9 60.3 71.9 82.3 100 70.48C
5 53.4 67.2 85.4 99.7 100 81.14B
7 86.1 96.4 99.5 100.0 100.0 96.4D
10 100.0 100.0 100.0 100.0 100.0 100A
General average with 61.02d 76.56¢ 48.8b 91.88b 100a

extended effect exposure

Table 3. Porphyromonas gingivalis Killing percentage after exposure to the plant’s aqueous mixture.
Percentage killings%
Exposures (hours)

Overall average impact

Concentration .
| of concentrations

24 | 48 | 72 | 96 120
Comparative 0 0 0 0 0 0.0e
1 34.1 454 60.4 72.6 80.7 58.64D
3 38.4 49.5 62.8 81.1 92.4 64.84C
5 57.4 69.6 81.8 94.2 98.9 80.38B
7 100.0 100.0 100.0 100.0 100.0 100A
10 100.0 100.0 100.0 100.0 100.0 100A
General average with
extendod offect gxposure 65.98a 72.9b 81c 89.58d 94.4c
Table 4. PC Protein Killing Percentage.
Percentage killings% Overall average impact
Concentration Exposures (hours) of concentrations
24 | 48 | 72 | 926 | 120
Comparative 0 0 0 0 0 0.0e
1 20.9 32.8 46.1 48.4 50.8 39.8D
3 42.1 47.9 58.1 71.9 82.9 60.58C
5 55.4 79.6 93.0 99.1 99.5 85.32B
7 71.9 86.8 100.0 100.0 100.0 91.74A
10 82.9 100.0 100.0 100.0 100.0 96.58A
General average with 54.64e 69.42d 79.44¢ 83.88b 86.64¢

extended effect exposure

The concentration of 5% was higher than 120 hours'
use, with the number of bacteria killed at approximately
90.2% while the lowest rate was given when used for 24
hours and was 27.2 Concentrations of 1% and 3% were
best used for 120 hours, with the number of killed
bacteria significantly higher than the rest of the time,
giving approximately 62.0% and 73.5% rate, respectively,
when used for 120 hours, compared to 18% and 21.0%,
when used for 24 hours. The reason for the effect of the
aqueous extract may be that it contains a high percentage
of flavonoids, glycosides, phenols, and volatile oils,

which have been shown further to be toxic in multiple
districts the impact of the wormwood extract L. major has
been found to have a strong efficacy against this
bacterium. Results agreed with (Sana'a & Ahmed, 2016).

The results of the statistical analysis showed in
(Table 2) that (1%, 3%, and 5% gave the best results
when used for 120 hours and a significant difference
from 5%, 96 hours, 7%, 72 hours, 96 hours, and 120
hours, and 10% for all times, with a feminization rate of
100% in the three pillars while giving each the lowest
rate when used for a while.



The impact of the harmala plant on bacteria may be
due to its containment of alkaloids, soaponies, and
tannins, which have a toxic effect on animal and plant
intruders, found (Enersen, 2013; Abderrahim et al., 2019).

Also, the results show that the best pillar in
controlling the bacteria population is 7% and 10% of all
bacterial colonies are killed in 24 hours, followed by a
concentration efficiency of 5% in which all bacteria were
killed in 120 hours (Kazemi et al., 2018).

The effectiveness of this mixture has proven effective
on Amibia tissue at least 98% killings (Miao et al., 2020).

When a mixture of water extract (Table 3) was used
to kill bacteria, 100% of bacteria was killed during 24
hours when 8% and 10% of the mixture were used.
However, using 6% the mixture resulted in 100% Kill of
bacteria during 120 hours. The lowest results 80.7% and
92.4% were obtained when the concentrations 2% and 4%
were used respectively in 120 hours. This may be due to
the transitic effect of chemical compounds involved in the
formation of both used plants (Abbas et al., 2021).

High alt-core belt time with an increase in the
number of hours of use of the PC protein in the crude
phase gave better results and significant differences from
the low-lying pillar since the use of 5% concentration and
10% gave rates of 50.8% and 82.9% respectively in 120
hours (Table 4). The Other results showed that the best
way to get the best and cleanest concentration was the
Aqueous Two-Phase Systems method. According to this
study and the results of the current study, we can assume
the use of purified protein for better results in the
inhibition of Porphyromonas gingivalis bacteria which
results in good results in control of dental health and
gums in society without the need for expensive surgeries.

Health problems related to oral and dental health
account for about 10% of expenditures in the health
system in major economies, while in countries with less
health care, they are not. Consequently, these results can
be relied upon to reduce expenses as well as to prevent
problems arising from the inaccessibility of oral and gum
problems (Minford et al., 2022).

)

Control group Motivative 1 Motivative 2

Fig. 1. Bacteria Group and Reaction with PC Protein of
Phycocyanin in the range of 50- 500 ug ml* (motivative 1) and
100-500 pug ml* (motivative 2).
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The results of the use of the freezing-thaw-based
phycocyanin protein showed the ability of the drug to
inhibit bacteria in varying proportions, and the greater
inhibition ratio was when using the 2mg/ml concentration
compared to 1mg/ml. Pure drug-protein extracted by
freezing and soluble method can be used to treat the
bacteria causing gum inflammation. We found higher
phycocyanin content, 38.12 The used bacterial strains
were shown different results, and the diameter of the
inhibition zone increased by increasing the amount of PC
protein. PC protein values were in the range of 50- 500 ug
ml-* and 100-500 pg mlt (Fig. 1).

The DPPH method is widely used to measure the
ability of antioxidant compounds to act as free radical
scavengers (Shon et al., 2003; Ismaiel et al., 2014). In this
study, the antioxidant activity of phycocyanin at zero and
60 days later was 46.14 and 40.74, respectively. These
results confirm that the PC protein is a potent free radical
scavenger and inhibits lipid peroxidations in both
temperatures.

However, the antioxidant property of PC protein
decreased in 60-day time at -18°C. It is probably due to
the nature of the PC protein that is changed when stored
at freezing temperature.

In the study conducted by (Pifiero- Estrada et al.,
2001), the antioxidant activity of phycocyanin was lower
than (24.21%) that of the present study. The results of
Ismaiel et al., (2016) showed that had stronger antioxidant
activity than the positive control (2.5ug BHT) at a wide
range of pH levels from 7.5 to 11.0. The radical
scavenging activity, reducing power, and chelating
activities showed the highest value at a pH of 8.5- 9.0.

Protein was highly effective and pure protein was not
used. This may be explained by inhibiting the growth of
bacteria where raw water contains more chemicals than
pure material. The results also may be obtained because
the bacteria strains don’t have virulence factors (Lys-X)
(de Boer et al., 2014).

Conclusions

Artemisia herba-alba leaf extract, Peganum harmala
seed extract, and Phycocyanin are effective materials
against bacterial growth. The mixture of them eliminated
the greatest number of bacteria. The efficiency of water
extracts and the medicine varied with concentration and
time of exposure.

Acknowledgment

This study is supported via funding from Prince
Sattam bin Abdulaziz University. Project number
(PSAU/2023/R/1444).

References

Abbas, M.W., M. Hussain, M. Qamar, S. Ali, Z. Shafig, P.
Wilairatana and M.S. Mubarak. 2021. Antioxidant and anti-
inflammatory effects of Peganum harmala extracts: An In
vitro and In vivo study. Mol., 26(19): 6084.
https://doi.org/10.3390/molecules26196084.

Abdallah, H.M.1., R.F. Abdel-Rahman, S.A. El Awdan, R.M.
Allam, A.E.M.K. El-Mosallamy, M.S. Selim, S.S.
Mohamed, M.S. Arbid and A.R.H. Farrag. 2019. Protective
effect of some natural products against chemotherapy-


https://doi.org/10.3390/molecules26196084

AQUEOUS EXTRACT OF ARTEMISIA LEAF, PEGANUM SEED AND PHYCOCYANIN AGAINST PORPHYROMONAS 5

induced toxicity in rats. Hel, 5(5): e01590.
https://doi.org/10.1016/j.heliyon.2019.e01590.

Abderrahim, L., K. Taibi and C. Ait Abderrahim. 2019.
Assessment of the antimicrobial and antioxidant activities
of Ziziphus lotus and Peganum harmala. Iran J. Sci.
Technol. Trans. Sci., 43: 409-414 https://doi.org/10.1007/
540995-017-0411-x.

Aguilera-Mendez, A., M.G. Hernandez-Equihua, A.C. Rueda-
Rocha, C. Guajardo-Lo6pez, R. Nieto-Aguilar, D. Serrato-
Ochoa, L.F. Ruiz Herrera and J.A. Guzman-Nateras. 2018.
Protective effect of supplementation with biotin against
high-fructose-induced metabolic syndrome in rats. Nutr.
res. (New York, N.Y.), 57: 86-96. https://doi.org/10.1016/
j.nutres.2018.06.007.

Atale, N., S. Saxena, J.G. Nirmala, R.T. Narendhirakannan, S.
Mohanty and V. Rani. 2017. Synthesis and characterization
of Sygyzium cumini nanoparticles for its protective
potential in high glucose-induced cardiac stress: A green
approach. Appl Biochem. & Biotechnol., 181(3): 1140-
1154, https://doi.org/10.1007/s12010-016-2274-6.

Boulos, L. 200. Flora of Egypt checklist. Revised Annotated
Edition. Al Hadara Publishing, Cairo, p. 410.

de Boer, J.D., L.M. Kager, J.J. Roelofs, J.C. Meijers, O.J. de
Boer, H. Weiler, B. Isermann, C. van 't Veer and T. van der
Poll. 2014. Overexpression of activated protein C hampers
bacterial dissemination during pneumococcal pneumonia.
BMC Infect. Dis., 14: 559. https://doi.org/10.1186/s12879-
014-0559-3.

Elansary, H.O., A. Szopa, P. Kubica, H. Ekiert, F.A. Al-Mana
and A.A. El-Shafei. 2020. Polyphenols of Frangula alnus
and Peganum harmala leaves and associated biological
activities. Plan., 9(9): 1086. https://doi.org/10.3390/
plants9091086.

Elhinnawi, M.A., R.M. Mohareb, H.M. Rady, W.K.B. Khalil,
M.M. Abd Elhalim and G.A. Elmegeed. 2018. Novel
pregnenolone derivatives modulate apoptosis via Bcl-2
family genes in hepatocellular carcinoma In vitro. J.
Steroid Biochem. Mol. Biol., 183: 125-136. https://doi.org/
10.1016/j.jsbmb.2018.06.006

El-Tantawy, W.H. 2015. Biochemical effects, hypolipidemic
and anti-inflammatory activities of Artemisia vulgaris
extract in hypercholesterolemic rats. J. Clin. Biochem.
Nutr., 57(1):33-8. doi: 10.3164/jchn.14-141

Enersen, M., K. Nakano and A. Amano. 2013. Porphyromonas
gingivalis fimbriae. J. Oral Microbiol., 5: 10.3402/
jom.v5i0.20265. doi.org/10.3402/jom.v5i0.20265

Friedewald, V.E., K.S. Kornman, J.D. Beck, R. Genco, A.
Goldfine, P. Libby, S. Offenbacher, P.M. Ridker, T.E. Van
Dyke and W.C. Roberts. 2009. American Journal of
Cardiology; Journal of Periodontology. The American
Journal of Cardiology and Journal of Periodontology
editors' consensus: periodontitis and atherosclerotic
cardiovascular disease. J. Periodontol., 80(7):1021-32.
d0i:10.1902/jop.2009.097001

Gokyu, M., H. Kobayashi, H. Nanbara, T. Sudo, Y. lkeda, T.
Suda and Y. Izumi. 2014. Thrombospondin-1 production is
enhanced by Porphyromonas gingivalis lipopolysaccharide
in THP-1 cells. PLoS One., 12-9(12): e115107. doi:
10.1371/journal.pone.0115107

Ibitoye, O.B. and T.O. Ajiboye. 2018. Dietary phenolic acids
reverse insulin resistance, hyperglycaemia, dyslipidaemia,
inflammation and oxidative stress in high-fructose diet-
induced metabolic syndrome rats. Arch. Physiol. Biochem.,
Dec; 124(5): 410-417. doi:10.1080/13813455.2017.1415938

Ighal, R., M.S. Akhtar, M.Q. Hassan, Z. Jairajpuri, M. Akhtar and
AK. Najmi. 2019 b. Pitavastatin ameliorates myocardial
damage by preventing inflammation and collagen deposition
via reduced free radical generation in isoproterenol-induced

cardiomyopathy. Clin. Exp. Hypertens., 41(5): 434-443. doi:
10.1080/10641963.2018.1501059

Igbal, Z., M. Javed, G. Rafique and T. Saleem. 2019a. A
comparative study of total phenolic contents and
antioxidant potential of seeds of Peganum harmala. Int. J.
Biosci., 14: 121-7.

Ismaiel, M., Y.M. El-Ayouty and M.D. Piercey-Normore. 2014.
Antioxidants characterization in selected cyanobacteria.
Ann. Microbiol., 64(3): 1223-30.
https://doi.org/10.1007/s13213-013-0763-1

Ismaiel, M.M., Y.M. El-Ayouty and M. Piercey-Normore. 2016.
Role of pH on antioxidants production by Spirulina
(Arthrospira) platensis. Braz. J. Microbiol., 47(2): 298-304.
doi: 10.1016/j.bjm.2016.01.003

Jang, Y.A. and B.A. Kim. 2021. Protective effect of spirulina-
derived C-phycocyanin against ultraviolet B-induced
damage in HaCaT cells. Med. 57: 273.

Jiang, L., L. Yao, Y. Yang, D. Ke, R. Batey, J. Wang and Y. Li.
2016. Jiangzhi Capsule improves fructose-induced insulin
resistance in rats: Association with repair of the impaired

sarcolemmal  glucose  transporter-4  recycling. J.
Ethnopharmacol., 24: 194:288-298. doi:
10.1016/j.jep.2016.09.009

Kazemi, S., H. Shirzad and M. Rafieian-Kopaei. 2018. Recent
Findings in Molecular Basis of Inflammation and Anti-
inflammatory Plants. Curr. Pharm. Des., 24(14): 1551-
1562. doi: 10.2174/1381612824666180403122003

Khalil, W.K., E.S. Ahmed, S.M. Kassem, T.M. Shoman, M.M.
Hassanane and M.G. Eshak. 2019. Antioxidant capacity of
Nitraria retusa leaf extracts against mitomycin C-induced
genetic toxicity in male mice. J. Bas. Appl. Zool., 80: 1-10.

Laine, M.L., B.J. Appelmelk and A.J. van Winkelhoff. 1997.
Prevalence and distribution of six capsular serotypes of
Porphyromonas gingivalis in periodontitis patients. J. Dent.
Res., 76(12): 1840-4. doi:
10.1177/00220345970760120601

Li, S.G., K.B. Wang, C. Gong, Y. Bao, N.B. Qin, D.H. Li, Z.L.
Li, J. Bai and H.M. Hua. 2018. Cytotoxic quinazoline
alkaloids from the seeds of Peganum harmala. Bioorg.
Med.  Chem.  Lett, 15:  28(2):103-106.  doi:
10.1016/j.bmcl.2017.12.003

Liu, Y., M. Wang, Y. Liang, C. Wang, K. Naruse and K.
Takahashi. 2021. Treatment of oxidative stress with
exosomes in myocardial ischemia. Int. J. Mol. Sci., 9:
22(4):1729. doi: 10.3390/ijms22041729

Miao, X., X. Zhang, Y. Yuan, Y. Zhang, J. Gao, N. Kang, X.
Liu, J. Wu, Y. Liu, P. Tan. 2020. The toxicity assessment
of extract of Peganum harmala L. seeds in Caenorhabditis
elegans. BMC Comp. Med Ther., 17-20(1):256. doi:
10.1186/512906-020-03051-x

Minford, A., L.R. Branddo, M. Othman, C. Male, R. Abdul-
Kadir, P. Monagle, A.D. Mumford, D. Adcock, B.
Dahlbéck, P. Miljic, M.T. DeSancho and J. Teruya. 2022.
Diagnosis and management of severe congenital protein C
deficiency (SCPCD): Communication from the SSC of the
ISTH. J. Thromb. Haemost., 20(7): 1735-1743. doi:
10.1111/jth.15732.

Mojarrab, M., M. Mehrabi, F. Ahmadi and L. Hosseinzadeh.
2016. Protective effects of fractions from Artemisia biennis
hydro-ethanolic  extract against doxorubicin-induced
oxidative stress and apoptosis in PC12 cells. Iran. J. Bas.
Med. Sci., 19(5): 503-10.

Offenbacher, S. 1996. Periodontal diseases: pathogenesis. Ann.
Periodontol., 1(1): 821-78.

Pan-Utai, W. and S. lamtham. 2019. Extraction, purification and
antioxidant activity of phycobiliprotein from Arthrospira
platensis. Proc. Biochem., 1(82): 189-98.
https://doi.org/10.1016/j.prochio.2019.04.014


https://doi.org/10.1016/j.heliyon.2019.e01590
https://doi.org/10.1007/%20s40995-017-0411-x
https://doi.org/10.1007/%20s40995-017-0411-x
https://doi.org/10.1016/%20j.nutres.2018.06.007
https://doi.org/10.1016/%20j.nutres.2018.06.007
https://doi.org/10.1007/s12010-016-2274-6
https://doi.org/10.1186/s12879-014-0559-3
https://doi.org/10.1186/s12879-014-0559-3
https://doi.org/10.3390/%20plants9091086
https://doi.org/10.3390/%20plants9091086
https://doi.org/%2010.1016/j.jsbmb.2018.06.006
https://doi.org/%2010.1016/j.jsbmb.2018.06.006

Pifiero-Estrada, J.E., P. Bermejo Bescés and A.M. Villar del
Fresno A.M. 2001. Antioxidant activity of different
fractions of Spirulina platensis protean extract. Farmacol.,
56(5-7):497-500. doi: 10.1016/s0014-827x(01)01084-9

Putakala, M., S. Gujjala, S. Nukala and S. Desireddy. 2017.
Beneficial effects of Phyllanthus amarus against high
fructose diet induced insulin resistance and hepatic oxidative
stress in male wistar rats. Appl. Biochem. Biotechnol.,
183(3): 744-764. doi: 10.1007/s12010-017-2461-0.

Rezaee, M. and F. Hajighasemi. 2019. Sensitivity of
hematopoietic malignant cells to Peganum harmala seed
extract in vitro. J. Basic. Clin. Pathophysiol., 7: 21-26.

Sanaa M.AM. and AM. Ahmed. 2016. Antibacterial effect of
aqueous and alcoholic ginger extracts against periodontal
pathogens (Aggregatibacter actinomycetemcomitans and
Porphyromonas gingivalis) in Comparison to Chlorohexidine
Gluconate (In vitro study). University of Baghdad College of
Dentistry Periodontics Department, Iraqg.

Sandoval, Y. and A.S. Jaffe. 2019. Type 2 Myocardial
Infarction: JACC Review Topic of the Week. J. Amer.

ENAS JASIM AL-ZUBADI AND DHUHA SABAH NADIR

Coll. Cardiol., 10.1016/
j.jacc.2019.02.018

Shaheen, H.A. and M.Y. Issa. 2020. In vitro and In vivo activity
of Peganum harmala L. alkaloids against phytopathogenic
bacteria. Sci. Hortic., 264: 108940. https://doi.org/10.1016/
j.scienta.2019.108940

Shon, M.Y., T.H. Kim and N.J. Sung. 2003. Antioxidants and free
radical scavenging activity of Phellinus baumii (Phellinus of
Hymenochaetaceae) extracts. Food Chem., 82(4):593-560.
https://doi.org/10.1016/S0308-8146(03)00015-3.

Singhai, A. and U.K. Patil. 2021. Amelioration of oxidative and
inflammatory changes by Peganum harmala seeds in
experimental arthritis.  Clin.  Phytosci., 7: 1-1.
https://doi.org/10.1186/s40816-020-00243-3

Yu, M., |. Gouvinhas, J. Rocha and A.l.R. Barros. 2021.
Phytochemical and antioxidant analysis of medicinal and
food plants towards bioactive food and pharmaceutical
resources. Sci. Rep., 11;11(1): 10041. doi: 10.1038/s41598-
021-89437-4.

16-73(14):1846-1860. doi:

(Received for publication 20 March 2023)


https://doi.org/10.1016/

