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Abstract— There has been considerable interest in the
use of medicinal plants as possible sources of
therapeutic drugs against infectious diseases,
especially because of growing concerns about
antimicrobial resistance. Verbascum thapsus (mullein)
is a well-known traditional medicinal plant known for
its antimicrobial, anti-inflammatory, antioxidant, and
immunomodulatory activities. This review highlights
recent scientific findings related to phytochemistry,
anti-inflammatory properties, and immunomodulatory
action of extracts obtained from mullein leaves with
special focus on their possible application in the
treatment of infectious diseases. Various experiments
conducted on mullein extracts showed that they can
regulate key inflammatory pathways such as NF-
kappa B and MAPK signaling, inhibiting various pro-
inflammatory cytokines including TNF-alpha, IL-
Ibeta, and IL-6, and increasing anti-inflammatory
cytokines like IL-10. Besides this, numerous studies
carried out in vitro and in vivo have confirmed the
antimicrobial potential of mullein against both Gram
positive and Gram-negative bacteria, and its
antioxidant action in decreasing oxidative stress.
Based on this information, it can be concluded that this
species of Verbascum thapsus is an excellent candidate
for the development of a natural remedy to combat
infectious diseases. Moreover, it also has the potential
for use in veterinary medicine to increase immunity
and manage infections in animals. Additional studies
are necessary to determine its safety, dosage, and
effectiveness in treatment.

Keywords —  Verbascum  thapsus, mullein,
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INTRODUCTION
Infectious diseases have remained one of the major
causes of morbidity and mortality across the world,
especially with the increasing prevalence of
antimicrobial resistance (1). Synthetic antimicrobial
agents have remained popular, despite their efficacy
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being hampered by resistance, side effects, and
availability (2). This has led to increasing interest in
natural agents, especially medicinal plants, which have
shown promise as alternative or complementary
agents. Medicinal plants have remained a rich source
of bioactive agents, such as flavonoids, phenolic acids,
iridoids, and glycosides, which have shown a variety
of pharmacological activities, such as antimicrobial,
antioxidant, anti-inflammatory, and
immunomodulatory effects (3). These agents have
shown the ability to modulate immune responses,
cytokine production, and oxidative stress, thus
providing support to the body’s natural defenses (4).

Inflammation is one of the key body responses to
infection, though too much inflammation is
detrimental (5). Thus, inflammation needs to be
regulated while immune responses are still effective.
Immunomodulation, which is the regulation of
immune responses, is one of the emerging therapies for
treating infections, especially those caused by
pathogens (6). Natural compounds have shown
promise, especially their ability to modulate multiple
targets while being non-toxic (7). Verbascum thapsus,
or mullein, is a plant used traditionally to treat
respiratory infections, cough, bronchitis, and skin
infections (8). Its use in folk medicine is quite
extensive; thus, its pharmacological effects have been
studied (8). Recent studies have shown that Verbascum
thapsus leaf extracts have antibacterial, antiviral, and
antioxidant effects, especially due to their chemical
content, such as flavonoids, saponins, and phenolics
(9). Mediators like TNF-a, IL-1, and IL-6, as well as
important signaling pathways like NF-«xB (10).The
immunomodulatory effects of the plant are believed to
be mediated by the enhancement of the function of the
immune cells, as well as the regulation of cytokines,
including the production of more IL-10 (11). In
addition, the use of mullein plant extracts was
observed in experimental studies to be effective in the
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inhibition of the growth of microbes while promoting
the immune response in the host (12).

From the above-mentioned studies, the mullein leaf
plant extract was observed to be effective in the
management of infectious diseases, including
inflammation, because of the regulation of the immune
response in the host (13). However, more studies are
still required in the future regarding the use of the plant
in the management of infectious diseases. The
application of medicinal plants in veterinary medicine
is becoming increasingly popular in recent times (14).
Various diseases, particularly infections, continue to
pose significant problems in both livestock and pet
animals. Furthermore, the high consumption of
antibiotics in animals has led to the development of
antibiotic resistance (15). Hence, the search for plant-
based natural products has become more common in
recent years, where bioactivity can be used to
modulate the immune system and fight infections in
veterinary  practice (16). For instance, the
phytochemical composition of Verbascum thapsus
includes components that can boost the immune
system and reduce inflammatory responses to combat
infections in animals (17). This review highlights
recent experimental evidence on the anti-
inflammatory and immunomodulatory mechanisms of
Verbascum thapsus and discusses its potential
applications in both human and veterinary medicine.
The aim of the review is to assess the anti-
inflammatory and immunomodulatory effects of the
mullein plant leaf, including its potential use in the
management of infectious diseases.

Phytochemical Composition of Mullein Leaves

The therapeutic activity of Verbascum thapsus
(mullein) is mainly due to its wide variety of
phytochemicals (11). The leaves of this medicinal herb
contain various bioactive compounds like flavonoids,
phenolic acids, iridoid glycosides, saponins, and
tannins (11). These compounds have been reported to
possess various biological activities like antioxidants,
anti-inflammatory, antimicrobial, and
immunomodulatory activities (18). Flavonoids are the
most abundant bioactive compounds in mullein leaves
(18). These compounds are responsible for detoxifying
reactive oxygen species (ROS) and reducing oxidative
stress that is associated with infection and
inflammation (19). These compounds also regulate
immune responses and inhibit inflammatory responses
(13). Phenolic compounds make up another group of
phytochemicals in mullein. Phenolic compounds make
significant contributions to the body’s antioxidant
defense system. They achieve this by protecting the
body from lipid peroxidation. Phenolic acids also have
an impact on the body’s inflammatory response. They
achieve this by inhibiting pro-inflammatory cytokines
such as TNF-a and IL-6 (20) (Tablel).

Iridoid glycosides, which include aucubin and
catalpol, have also been isolated in mullein leaves.
Iridoid glycosides have significant anti-inflammatory
properties. They also have protective roles in the body.
They achieve this by protecting body tissues from
microbial infections and oxidative stress (21).
Saponins make up another group of phytochemicals in
mullein. Saponins have significant
immunomodulatory properties. Saponins achieve this
by stimulating macrophages in the body. Saponins also
stimulate immune cell signaling pathways (22). (Table

).

Table 1. Major Phytochemical Compounds in Verbascum thapsus and Their Biological Activities

Phytochemic

no al Chemica Biological Activity Mechanism of Action Reference
| Class s
Compound
1 Quercetin Flavonoi Antioxidant, anti-inflammatory Inhibits ROS a_lnd NF-«B (19)
d activation
Flavonoi . .
2 Kaempferol d Immunomodulatory Reduces inflammatory cytokines (20)
Chlorogenic | Phenolic . i _—

3 acid acid Antioxidant Prevents lipid peroxidation (21)
4 Aucubin |r|d0|_d Anti-inflammatory Suppresses |_nflammatory 1)
glycoside mediators

Iridoid - . . . .
5 Catalpol glycoside Tissue protective Regulates immune signaling (21)
6 Saponins Glyecsosm Immunostimulatory Enhances macrophage activity (22)
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Anti-inflammatory Pathways of Verbascum
Thapsus

The mechanism by which leaf extract of Verbascum
thapsus exhibits its anti-inflammatory properties
includes several cellular pathways that control
immune response and inflammation. One of the key
pathways in which this anti-inflammatory action
occurs is through the modulation of nuclear factor
kappa B (NF-xB) (8) (Figurel). When there are
infections or inflammations, NF-kB will be activated
and moved to the nucleus to stimulate the synthesis of
pro-inflammatory cytokines, including TNF-a, IL-1p,
and IL-6 (23).The bioactive substances present in
mullein can modulate NF-«xB activity and reduce the
expression of these pro-inflammatory cytokines.
Besides the inhibition of NF-kB transcriptional
activity, mullein also affects another important
signaling pathway — the mitogen-activated protein
kinases (MAPK) pathway (24). The downregulation of
MAPK signaling leads to decreased synthesis of
various pro-inflammatory mediators and enzymes
such as cyclooxygenase-2 (COX-2) (25) (Figure 1). In
turn, the presence of antioxidant molecules in mullein
acts as an additional factor contributing to the anti-
inflammatory activity of the extract due to their ability
to neutralize oxidative stress (26) (Figure 1).
Moreover, specific components of the plant, namely
saponins and iridoid glycosides, stimulate the
synthesis of anti-inflammatory cytokines, especially
interleukin-10 (IL-10), thus limiting inflammation
processes at the cellular level (27). All the
abovementioned data confirm the involvement of
multiple targets in the mechanisms of the anti-
inflammatory activity of Verbascum thapsus (28).

Immunomodullatory Mode of Action of Verbascum thapsus

D | Balanced immune Rusporse | g

Figure 1. Anti-inflammatory Pathways of Verbascum
Thapsus

Immunomodulatory Mode of Action of Verbascum
thapsus

The immunomodulatory properties of Verbascum
thapsus (mullein) extract are based on their regulation
of both innate and acquired immunity via various
cellular and molecular pathways. Bioactive molecules
like flavonoids, saponins, and iridoid glycosides act as

key mediators involved in the modulation of immune
cells (29). They facilitate enhanced activation of
macrophages and boost phagocytosis and pathogen
clearance (30) (Figure2). Furthermore, mullein extract
has been found to modulate cytokine synthesis through
regulation of pro- and anti-inflammatory responses.
Mullein extract decreases pro-inflammatory cytokines
such as TNF-o and IL-6 while increasing the
production of anti-inflammatory cytokines, mainly IL-
10 (31) (Figure2).

Moreover, the extract influences the process of T-
cell differentiation and activation, especially CD4+ T
helper cells, which are crucial in facilitating immune
responses (31). The phytochemicals in mullein can be
said to modulate the Th1/Th2 balance, thus avoiding
overreaction of the immune system and chronic
inflammation (32). Additionally, the anti-oxidative
nature of mullein plays an indirect role in its
immunomodulatory effects due to its ability to
decrease oxidative stress that interferes with the
functions of immune cells (Figure 2). In scavenging
free radicals, the extract ensures the efficiency of the
immune response (33). These results, taken together,
indicate that Verbascum thapsis acts via a multifaceted
mechanism of action by stimulating innate immune
cells, regulating cytokine network activity, modulating
T cell function, and preventing oxidative damage (34).

Anti-inflammatory Pathways of Verbascum thapsus
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Figure 2. Immunomodulatory Mode of Action of
Verbascum thapsus

Potential Role of Verbascum thapsus in Infectious
Diseases

Verbascum thapsus, commonly known as mullein,
is a medicinal plant that has been used in the treatment
of various infectious diseases, including those of the
respiratory tract, such as bronchitis, cough,
tuberculosis, and asthma, for several centuries (8). The
leaves of the plant are used in the preparation of
various medicinal formulations, including teas,
extracts, and syrups, due to their soothing,
antimicrobial, and anti-inflammatory effects (35).
Recent pharmacological studies on the plant have
confirmed some of the medicinal uses of the plant by
showing that it possesses significant antimicrobial,
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antioxidant, and immunomodulatory effects (36). The
immune system is an essential component of the body
that recognizes infectious agents and eliminates them
from the body. Sometimes, an imbalance in the
immune system can result in excessive inflammation,
which can cause tissue damage (37). Thus, an ideal
drug should possess the capacity to control infectious
agents as well as inflammation (37). Mullein appears
to possess such effects by modulating various immune
pathways that are associated with inflammation.
flavonoids, phenolic acids, and iridoid glycosides,
which have been known to inhibit pro-inflammatory
cytokines such as tumor necrosis factor alpha (TNF-
a), interleukin-1 beta (IL-1p), and interleukin-6 (IL-6),
which are responsible for inflammation in both
bacterial and viral infections (27).The suppression of
inflammation may be beneficial in protecting the body
from further damage and in helping the body recover
from infection (27). Additionally, mullein extracts
have been known to have antimicrobial properties
against various pathogenic microorganisms, including
both Gram-positive and Gram-negative bacteria.
Phenolic compounds and flavonoids present in mullein
have been known to interfere with microbial cell
membranes, inhibit microbial enzyme production, and
interfere with microbial replication. The antimicrobial
properties of mullein make it more beneficial as a
natural remedy for microbial infections (26).

Mullein is especially useful in respiratory
infections, as it possesses expectorant and anti-
inflammatory properties. It has been shown that this
plant relieves respiratory inflammation, soothes
irritated mucus membranes, and helps to expel mucus
from the respiratory system (8), This may help to
increase respiratory efficiency and help to expel
pathogens from the respiratory system (8). Another
way that mullein helps to control infections involves
the antioxidant properties of this plant. In any
infection, the immune cells of the host produce free
radicals as a defense mechanism (38). Although free
radicals are useful for eliminating pathogens, they may
also damage host tissues and increase the level of
inflammation. The antioxidant compounds found in
the leaves of the mullein plant help to neutralize these
free radicals and protect host tissues from damage
(39).

In addition, it has also been found to affect immune
cells, which are activated through an improvement in
macrophage activation and cytokine production (27).
This is an important aspect of immune system balance,
which is achieved through the promotion of immune
responses without causing inflammation (40). This is
particularly important in cases of chronic infections
and inflammation (40). Therefore, considering the
antimicrobial, anti-inflammatory, antioxidant, and
immunomodulatory effects of Verbascum thapsus, it is

possible to suggest that this medicinal plant can be
used as an alternative therapeutic option in the
management of infectious diseases. However, further
research is required to completely understand its
mechanisms of action, optimal therapeutic doses, and
its safety and efficacy in humans (17).
Experimental Evidence of Verbascum thapsus
Recently conducted experiments have brought out
several interesting scientific facts about the medicinal
actions of Verbascum thapsus (41). Mullein extracts
have been proved in various vitro and vivo
experiments to have good antimicrobial, antioxidant,
anti-inflammatory, and immunomodulatory properties
(42). This is primarily due to the presence of several
bioactive phytochemical compounds present in
mullein (42). These include flavonoids, phenolic
acids, iridoid glycosides, and saponins. All these
phytochemicals act upon specific cellular mechanisms
related to immune system function and inflammation
responses (8). The in vitro experiment has shown that
the extracts obtained from mullein leaves have good
inhibitory potential against some pathogenic microbes
(9). The extracts have been seen to exert growth
suppression on Gram positive and negative bacteria
like Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa (13). The antimicrobial
action of these extracts is mainly because of their
ability to disrupt microbial cell membrane structure,
inhibit microbial enzymes and interfere with bacterial
metabolic processes. Moreover, it has been found that
these extracts also have good antioxidant properties,
where they scavenge ROS to prevent oxidation (43).
Moreover, the efficacy of Verbascum thapsus as a
therapeutic agent has been demonstrated through in
vivo experiments involving animal models. Treatment
with mullein extracts was found to lower
inflammatory molecules and immune responses via
suppression of pro-inflammatory cytokines including
TNF-q, IL-1pB, and IL-6, coupled with an increase in
anti-inflammatory cytokines such as IL-10. The results
indicate that mullein plays a role in balancing immune
responses and defending tissues against infections and
inflammation (44). Several exemplary experiments
investigating the biological properties of Verbascum
thapsus are presented in Table 2.
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Table 2. In Vitro and In Vivo Experiments for Evaluating the Bioactivities of Verbascum thapsus

S_’:;gz Plant Extract Experimental Model Key Findings Reference
. Ethanolic leaf Staphylococcus aureus, E. coli, Demonstrated significant antibacterial activity against
In vitro . o . . (13)
extract Pseudomonas aeruginosa both Gram-positive and Gram-negative bacteria
In vitro Methanolic extract Antioxidant assays (DPPH, Showed strong antlox!dant activity due to high 43).
ABTS) phenolic content
In vitro Aquepus and Bacterial cultures Extract inhibited rTucroblaI growth and disrupted (13)
ethanolic extracts bacterial cell membranes
. . . Reduced inflammatory mediators and improved
In vivo Leaf extract Mouse inflammation model . (44)
immune response
Invivo Phenolic-rich Animal model Decreased omdatlye §tress markers and improved 43)
extract antioxidant defense
. . Increased macrophage activity and modulated
In vivo Plant extract Murine immune model cytokine production (IL-10 increase) (45)
Potential Applications of Verbascum thapsus in
Veterinary Medicine
Natural medicines have become popular among
veterinarians as alternative treatment options to
enhance the health of animals and prevent infectious
diseases (46). One plant that has received much
interest in recent years is Verbascum thapsus,
commonly known as mullein. This plant has shown
antimicrobial, anti-inflammatory, antioxidant, and
immunomodulatory activities (8). (Table3). It has
traditionally been used in the treatment of respiratory
conditions, skin infections, and inflammation in
animals. The biological activity of this plant is
attributed to flavonoids, saponins, and phenolic
substances, which act as immunomodulators and help
protect the body against infections (47,3)
Table3. Potential veterinary applications of VVerbascum thapsus
Application Animal Biological Effect Possible Mechanism Reference
Species
Respiratory disorders Cattle, sheep Expectorant and anti- Saponins help mucus clearance and reduce (8).
inflammatory effects airway inflammation
Skin infections Livestock, Antimicrobial activity Phenolic compounds disrupt microbial cell (13)
pets membranes
Inflammatory Farm animals | Reduction of inflammatory Inhibition of NF-«xB and pro-inflammatory 47
conditions mediators cytokines
Oxidative stress in Various Antioxidant protection Scavenging of reactive oxygen species ?3)
infections animals (ROS)
Immune support Livestock Immunomodulatory activity Stimulation of macrophage activity and 3)
cytokine regulation
CONCLUSION this medicinal plant can regulate the inflammatory

Verbascum thapsus is a potential medicinal plant
with great pharmacological potential, which results
from its phytochemical constitution. Flavonoids,
phenolic acids, iridoid glycosides, and saponins
account for the anti-inflammatory, antimicrobial,
immunomodulatory, and antioxidative properties of
mullein. Experimental data on V. thapsus indicates that

signaling pathways (e.g., NF-xB and MAPK),
inhibiting the production of pro-inflammatory
cytokines, and up-regulating IL-10 levels. The
biological properties mentioned above may make V.
thapsus a potential remedy for various types of
infectious and inflammatory diseases. Furthermore,
the presence of antibacterial and antifungal activity
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adds to the potential use of this medicinal plant. While
V. thapsus possesses high therapeutic potential and
shows great promise in this area, more research needs

Acknowledgements

N/A

Conflict of Interest
The authors declare no conflict of interest.

)

2)

3)

4

3)

6)

7

8)

9)

REFERENCE
Salam, M. A., AlI-Amin, M. Y., Salam, M. T.,
Pawar, J. S., Akhter, N., Rabaan, A. A., &
Alqumber, M. a. A. (2023). Antimicrobial
resistance: a growing serious threat for global
public health. Healthcare, 11(13), 1946.
Elalouf, A., Elalouf, H., Rosenfeld, A., &
Maoz, H. (2025). Artificial intelligence in
drug resistance management. 3 Biotech,
15(5), 126.
Roy, A., Khan, A., Ahmad, 1., Alghamdi, S.,
Rajab, B. S., Babalghith, A. O., Alshahrani,
M. Y., Islam, S., & Islam, M. R. (2022).
Flavonoids a Bioactive Compound from
Medicinal Plants and Its Therapeutic
Applications. BioMed Research
International, 2022(1), 5445291.
Rodriguez-Yoldi, M. J. (2021). Anti-
Inflammatory and antioxidant properties of
plant extracts. Antioxidants, 10(6), 921.
Chavda, V. P, Feehan, J., & Apostolopoulos,
V. (2024). Inflammation: the cause of all
diseases. Cells, 13(22), 1906.
Strzelec, M., Detka, J., Mieszczak, P,
Sobocinska, M. K., & Majka, M. (2023).
Immunomodulation—a general review of the
current state-of-the-art and new therapeutic
strategies for targeting the immune system.
Frontiers in Immunology, 14, 1127704.
Upadhyay, S., Swami, R., Shrivastava, S., &
Jeengar, M. K. (2025). Molecular insights
into anti-inflammatory activities of selected
Indian herbs. Journal of Ayurveda and
Integrative Medicine, 16(2), 101081.
Blanco-Salas, J., Hortigon-Vinagre, M. P.,
Morales-Jadan, D., & Ruiz-Téllez, T. (2021).
Searching for scientific explanations for the
uses of Spanish folk medicine: A review on
the case of Mullein (Verbascum,
Scrophulariaceae). Biology, 10(7), 618.
Okasha, Y. M., Fathy, F. L., Soliman, F. M., &
Fayek, N. M. (2023). The untargeted
phytochemical profile of Verbascum thapsus
L. with potent antiviral, antibacterial and
anticancer activities. South African Journal of
Botany, 156, 334-341.

to be conducted to
mechanism of action and long-term effects.

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

investigate its molecular

Nittayananta, W. (2025). Immunomodulatory
effects of medicinal plants. In Advances in
experimental medicine and biology (Vol. 1492,
pp- 705-727).

Calabrese, G., Zappala, A., Dolcimascolo, A.,
Acquaviva, R., Parenti, R.,, & Malfa, G. A.
(2021). Phytochemical Analysis and Anti-
Inflammatory and Anti-Osteoarthritic Bioactive
Potential of  Verbascum  thapsus L.
(Scrophulariaceae) Leaf Extract Evaluated in
Two In Vitro Models of Inflammation and
Osteoarthritis. Molecules, 26(17), 5392.

Pelvan, E., Karaoglu, 0., Firat, E. O, Kalyon, K.
B., Ros, E., & Alasalvar, C. (2022).
Immunomodulatory effects of selected medicinal
herbs and their essential oils: A comprehensive
review. Journal of Functional Foods, 94, 105108.
Turker, A. U., & Camper, N. (2002). Biological
activity of common mullein, a medicinal plant.
Journal of Ethnopharmacology, 82(2-3), 117—
125

Romero, B., Susperregui, J., Sahagun, A. M.,
Diez, M. J., Fernandez, N., Garcia, J. J., Lopez,
C., Sierra, M., & Diez, R. (2022). Use of
medicinal plants by veterinary practitioners in
Spain: A cross-sectional survey. Frontiers in
Veterinary Science, 9, 1060738.

Enshaie, E., Nigam, S., Patel, S., & Rai, V. (2025).
Livestock antibiotics use and antimicrobial
resistance. Antibiotics, 14(6), 621.

Hooda, P., Malik, R., Bhatia, S., Al-Harrasi, A.,
Najmi, A., Zoghebi, K., Halawi, M. A., Makeen,
H. A, & Mohan, S. (2023).
Phytoimmunomodulators: A review of natural
modulators for complex immune system. Heliyon,
10(1), €23790.

Zhang, N., Baran, A., Valioglu, F., Teng, L.,
Atalar, M. N., Keskin, C., Wang, X., Hatipoglu,
A., Baran, M. F., Abdelsalam, A. H., Arslan, S.,
Necip, A., Karadag, M., Alma, M. H., Eftekhari,
A., & Beilerli, A. (2023). Antioxidant, AChE
inhibitory, and anticancer effects of Verbascum
thapsus extract. Cellular and Molecular Biology,
69(14), 211-216.

Valdivieso-Ugarte, M., Gomez-Llorente, C.,
Plaza-Diaz, J., & Gil, A. (2019). Antimicrobial,
antioxidant, and immunomodulatory properties of
essential oils: a systematic review. Nutrients,
11(11), 2786.

Jomova, K., Raptova, R., Alomar, S. Y., Alwasel,
S. H., Nepovimova, E., Kuca, K., & Valko, M.
(2023). Reactive oxygen species, toxicity,
oxidative stress, and antioxidants: chronic

43



20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Kerbala Journal of Veterinary Medical Sciences Issue (2), Volume (2), (2026)

54

diseases and aging. Archives of Toxicology,
97(10), 2499-2574.

Nisar, A., Jagtap, S., Vyavahare, S., Deshpande,
M., Harsulkar, A., Ranjekar, P., & Prakash, O.
(2023). Phytochemicals in the treatment of
inflammation-associated diseases: the journey
from preclinical trials to clinical practice.
Frontiers in Pharmacology, 14, 1177050.
Mihaylova, R., Elincheva, V., Gevrenova, R.,
Zheleva-Dimitrova, D., Momekov, G., &
Simeonova, R. (2025). Targeting Inflammation
with Natural Products: A Mechanistic Review of
Iridoids from Bulgarian Medicinal Plants.
Molecules, 30(17), 3456.

Shen, L., Luo, H., Fan, L., Tian, X., Tang, A., Wu,
X., Dong, K., & Su, Z. (2023). Potential
immunoregulatory mechanism of plant saponins:
a review. Molecules, 29(1), 113.

Hoffmann, A., Cheng, G., & Baltimore, D.
(2025). NF-kB: master regulator of cellular
responses in health and disease. Immunity &
Inflammation, 1(1), 2.

Kang, H., & Kim, B. (2023). Bioactive
compounds as inhibitors of inflammation,
oxidative stress and metabolic dysfunctions via
regulation of cellular redox balance and Histone
acetylation state. Foods, 12(5), 925.

Kim, M., Kim, H., & Kim, H. (2022). Anti-
Inflammatory Effect of Protopine through MAPK
and NF-«B Signaling Regulation in HepG2 Cell.
Molecules, 27(14), 4601.

Symoniuk, E., Marczak, Z., Brzezinska, R.,
Janowicz, M., & Ksibi, N. (2023). Effect of the
Freeze-Dried Mullein Flower Extract
(Verbascum nigrum L.) Addition on Oxidative
Stability and Antioxidant Activity of Selected
Cold-Pressed Oils. Foods, 12(12), 2391.
Nakadate, K., Ito, N., Kawakami, K., &
Yamazaki, N. (2025). Anti-Inflammatory actions
of Plant-Derived compounds and prevention of
chronic diseases: From molecular mechanisms to
applications. International Journal of Molecular
Sciences, 26(11), 5206.

Razani, S., Farhadpour, M., Hemmat, M. A,
Alamdaran, F. S., Taha, M. F., Khonakdar, H. A.,
& Mahmoudifard, M. (2024). Bioassay-guided
fractionation of Verbascum thapsus extract and its
combination with polyvinyl alcohol in the form
electrospun nanofibrous membrane for efficient
wound dressing application. Heliyon, 10(12),
e32717.

Donn, P., Barciela, P., Perez-Vazquez, A., Cassani,
L., Simal-Gandara, J., & Prieto, M. A. (2023).
Bioactive Compounds of Verbascum sinuatum L.:
Health Benefits and Potential as New Ingredients

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

for Industrial Applications. Biomolecules, 13(3),
427.

Xue, J., Gao, J., Tang, A., & Feng, C. (2024).
Shaping the immune landscape:
Multidimensional environmental stimuli refine
macrophage polarization and foster revolutionary
approaches in tissue regeneration. Heliyon,
10(17), e37192.

Kandilarov, 1., Gardjeva, P., Georgicva-
Kotetarova, M., Zlatanova, H., Vilmosh, N.,
Kostadinova, 1., Katsarova, M., Atliev, K., &
Dimitrova, S. (2023). Effect of plant extracts
combinations on TNF-A, IL-6 and IL-10 levels in
serum of rats exposed to acute and chronic stress.
Plants, 12(17), 3049.

Piazza, S., Fumagalli, M., Martinelli, G., Pozzoli,
C., Maranta, N., Angarano, M., Sangiovanni, E.,
& Dell’ Agli, M. (2022). Hydrolyzable tannins in
the management of THI, TH2 and THI17
Inflammatory-Related  Diseases.  Molecules,
27(21), 7593.

Symoniuk, E., Marczak, Z., Brzezinska, R.,
Janowicz, M., & Ksibi, N. (2023). Effect of the
Freeze-Dried Mullein Flower Extract (Verbascum
nigrum L.) Addition on Oxidative Stability and
Antioxidant Activity of Selected Cold-Pressed
Oils. Foods, 12(12), 2391.

Marceti¢, M., Bufan, B., Drobac, M., Stankovic,
J. A., Ranin, N. A., Milenkovi¢, M. T., & Bozic¢,
D. D. (2025). Multifaceted biological properties
of  Verbascoside/Acteoside: antimicrobial,
cytotoxic, Anti-Inflammatory, and
immunomodulatory effects. Antibiotics, 14(7),
697.

Sharma, A., Sharma, R., Sharma, M., Kumar, M.,
Barbhai, M. D., Lorenzo, J. M., Sharma, S.,
Samota, M. K., Atanassova, M., Caruso, G.,
Naushad, M., Radha, Chandran, D., Prakash, P.,
Hasan, M., Rais, N., Dey, A., Mahato, D. K.,
Dhumal, S., . . . Mekhemar, M. (2022). Carica
papaya L. Leaves: Deciphering Its Antioxidant
Bioactives, Biological Activities, Innovative
Products, and Safety Aspects. Oxidative Medicine
and Cellular Longevity, 2022(1), 2451733.
Singh, G., Sharma, V., & Udeh, B. N. (2026).
Medicinal plants and lead phytomolecules as
immunomodulators: An updated review. BioMed
Research International, 2026(1), 6998034.
Mehta, P. (2025). Inflammation and the immune
system: a delicate balance. In Biochemistry.
Latif, R., & Nawaz, T. (2025). Medicinal plants
and human health: A comprehensive review of
bioactive compounds, therapeutic effects, and
applications. Phytochemistry Reviews.
Chandimali, N., Perera, S., Jin, W. Y., & Kim, G.
Y. (2025). Free radicals and their impact on health

44



40)

41)

42)

43)

44)

45)

46)

47)

Kerbala Journal of Veterinary Medical Sciences Issue (2), Volume (2), (2026)

54

and antioxidant defenses: A review. Cell Death
Discovery.

Chen, J., Shih, L., Liao, M., Tsai, K., Lu, K., &
Hu, W. (2025). Understanding the immune
system’s intricate balance: activation, tolerance,
and Self-Protection. International Journal of
Molecular Sciences, 26(12), 5503.

Chandimali, N., Perera, S., Jin, W. Y., & Kim, G.
Y. (2025). Free radicals and their impact on health
and antioxidant defenses: A review. Cell Death
Discovery.

Angeloni, S., Zengin, G., Sinan, K. 1., Ak, G.,
Maggi, F., Caprioli, G., Kaplan, A., Bahsi, M.,
Cakilcioglu, U., Bouyahya, A., Jugreet, S., &
Mahomoodally, M. F. (2020). An insight into
Verbascum bombyciferum extracts: Different
extraction methodologies, biological abilities and
chemical profiles. Industrial Crops and Products,
161, 113201.

De Rossi, L., Rocchetti, G., Lucini, L., &
Rebecchi, A. (2025). Antimicrobial Potential of
Polyphenols: Mechanisms of Action and
Microbial Responses—A Narrative Review.
Antioxidants, 14(2), 200.

Albahri, G., Hellany, H., Badran, A., Abdel-
Rahem, R., Al-Remawi, M., Alame, M., Hijazi,
A., Bechelany, M., & Baydoun, E. (2026). Anti-
Inflammatory Activity of Mandragora autumnalis
Ethanolic Extract: In Vitro and Cellular
Mechanistic Insights. Pharmaceuticals, 19(3),
483.

Abruscato, G., Ganci, D., Bellistri, F., Chiarelli,
R., Mauro, M., Vizzini, A., Arizza, V., Vazzana,
M., & Luparello, C. (2025). Anti-Inflammatory
and Immunomodulatory Effects of Aqueous
Extracts from Green Leaves and Rhizomes of
Posidonia oceanica (L.) Delile on LPS-Stimulated
RAW 264.7 Macrophages. Molecules, 30(24),
4685.

Vercelli, C., Amadori, M., Gambino, G., Danieli,
D., Crimi, S., & Re, G. (2025). Natural
antimicrobial compounds in veterinary Medicine:
focus on companion animals. Applied Sciences,
15(23), 12388.

Bolatkyzy, N., Shepilov, D., Turmanov, R.,
Berillo, D., Vassilina, T., Ibragimova, N.,
Berganayeva, G., & Dyusebaeva, M. (2025).
Medicinal  Plants for  Skin  Disorders:
Phytochemistry and pharmacological Insights.
Molecules, 30(15), 3281.

45



