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ABSTRACT

INTRODUCTION: In recent decades, there has been an increasing interest in the potential of bioactive com-
pounds in food to reduce the risk of inflammation-related pathological disorders. Organosulfur compounds
are known to benefit human health due to their anti-inflammatory effects.

AIM: This mini-review focused on the latest published scientific evidence about the anti-inflammatory ef-
fects of sulforaphane from broccoli and allicin from garlic.

MATERIALS AND METHODS: A screening of the latest scientific publications in specialized databases was
done using specific keywords.

RESULTS: An overview of the effects of each compound in cell cultures, animal models, and human inter-
ventional studies on inflammation is provided. The molecular mechanisms behind anti-inflammatory ef-
fects are also commented on. The promising positive outcomes from many in vivo and in vitro studies are a
basis for human dietary interventional studies.

CONCLUSION: Both compounds exert strong anti-inflammatory effects but, unlike sulforaphane, allicin
seems to have more limitations in human interventions due to some undesirable effects.

Keywords: organosulfur compounds, sulforaphane, allicin, pro-inflammatory markers, anti-
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Although it is fundamentally a mechanism to protect
the body from pathogens, repair injured tissues, and
restore altered homeostasis, inflammation also has a
pathological profile (1). The pro-inflammatory fac-
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are associated with the aetiology of many pathologi-
cal conditions, including neurodegenerative and car-
diovascular diseases, diabetes, obesity, cancer, pul-
monary, and autoimmune disorders.

Due to the enormous number of studies de-
voted to understanding the mechanisms of inflam-
mation at the cellular and molecular level, numer-
ous factors were identified as playing a role in this
process, such as transcription factors, cytokines and
chemokines, enzymes, adhesion molecules, recep-
tors, etc. These components of inflammatory path-
ways are the main targets in the treatment of diseases
with inflammation-related pathogenesis (2,3).

Scientific data accumulated in recent decades
revealed the potential of active compounds in foods,
mainly of plant origin, to suppress inflammatory re-
sponse by inhibiting many pro-inflammatory mark-
ers (4). It has been found that organosulfur com-
pounds, sulforaphane from cruciferous vegetables
and allicin from garlic, have the potential to prevent
various pathological processes, including chron-
ic inflammation through the mechanism of inhi-
bition of nuclear transcription factor kappa B (NF-
kB), and hence the expression of its target genes:
interleukin-1p (IL-1P), interleukin-6 (IL-6), tumour
necrosis factor-alpha (TNFa), inducible nitric ox-
ide synthase (iNOS), and inducible cyclooxygenase
(COX-2) (5,6,7). Furthermore, sulforaphane and al-
licin have been shown to exert cytoprotective effects
by activating the nuclear erythroid factor (Nrf2) sig-
nalling pathway, leading to increased levels of key an-
tioxidant enzymes such as catalase (CAT), superox-
ide dismutase (SOD), glutathione peroxidase (GPx),
and glutathione reductase (GR), thus preventing the
cell oxidative stress (8,9,10).

Sulforaphane is the common name for 1-iso-
thiocyanato-4-methylsulfinylbutane (11), a member
of the organosulfur compounds found in plants of
the Brassicaceae family with highest concentrations
in broccoli sprouts. (12). The highly reactive sulfora-
phane is synthesized in plants from the inert precur-
sor glucoraphanin (13). After mechanical disruption
of the plant integrity, glucoraphanin is converted to
sulforaphane by the action of the enzyme myrosi-
nase (B- thioglucosidase, EC 3.2.1.147). Myrosinase is
present both in plant tissue and in the human intes-
tinal microbiota (14,15).

The biological activities of sulforaphane have
been widely studied, revealing a range of health ben-
efits, such as anti-inflammatory, anticancer, antiox-
idant and neuroprotective properties (16,17,18,19).
The anticarcinogenic action of this isothiocyanate is
associated with its potential to modulate the activity
of phase II enzymes of xenobiotic metabolism. In ad-
dition, sulforaphane is reported to have antidiabetic
properties revealed by its potential to improve insu-
lin resistance and glucose tolerance (20).

Allicin (3-prop-2-enylsulfinylsulfanylprop-
1-ene) according to the National Center for Biotech-
nology Information (11), is the main organosulfur
compound released from crushed garlic after con-
version of its precursor alliin. This process includes
two steps — first, alliin is converted to allylsulfen-
ic acid and dehydroalanine by the enzyme alliinase
and in the second step, spontaneous condensation of
two molecules of allylsulfenic acid forms allicin (21).
Allicin is the compound in the Allium genus that
gives the specific pungent flavour and aroma of the
plants (22). The beneficial biological activities of gar-
lic as food are attributed to allicin. The antimicro-
bial and antifungal properties of allicin are empir-
ically proven. This natural antibiotic is reported to
inhibit many species of microorganisms, including
some highly pathogenic bacteria such as Mycobac-
terium tuberculosis, Escherichia coli, Klebsiella pro-
teus, Streptococcus spp., Staphylococcus spp., Helico-
bacter pylori (21,23). Furthermore, allicin is reported
to exert a range of other beneficial biological activi-
ties. Its anti-inflammatory, anticancer, and antioxi-
dant properties are demonstrated in a variety of sci-
entific studies (24).

In this mini-review, we focus on the potential of
two of the most active organosulfur compounds, sul-
foraphane and allicin, to beneficially affect various
markers of inflammation demonstrated in a variety
of studies. The authors believe that the review will
expand knowledge about the potential of sulfora-
phane and allicin as natural sources of new dietary
supplements and therapeutics with anti-inflamma-
tory effects.

AIM

The aim of the present review was to compare
sulforaphane and allicin regarding their anti-inflam-
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matory effects explored in various in vitro and in vivo
models and interventional studies.

MATERIALS AND METHODS

The present review was done by screening the
latest scientific publications in databases, such as
PubMed, ScienceDirect, Google Scholar, and Re-
searchGate using combinations of the following key-
words: “sulforaphane”, “allicin”, “pro-inflammatory
markers”, “organosulfur compounds”, “anti-inflam-
matory potential”. Most of the papers included in the

review were published in the last five years.

RESULTS AND DISCUSSION

Evidence from in vitro studies

The anti-inflammatory potential of sulfora-
phane and allicin was demonstrated in in vitro mod-
els of inflammation by various types of cell cultures.
Several studies demonstrated the potential of sul-
foraphane to reduce the mRNA levels of TNF-a, IL-
1B, IL-6, and the COX-2 and iNOS at transcriptional
or protein levels in LPS-stimulated macrophages and
human umbilical vein endothelial cells (HUVEC)
(25). Zhang and Wu (2021) (26) estimated in their
study the potential of sulforaphane to mitigate LPS-
induced injury of Caco-2 cells. It is worth mention-
ing the established opposite effect of sulforaphane
depending on the presence or absence of a pro-in-
flammatory stimulus. In a model of TNF-a stimu-
lated synoviocytes, sulforaphane selectively induced
apoptosis in inflammation-stimulated cells and at
the same time increased the vitality of unstimulated
control cells (27). Most of the studies suggested that
the probable mechanism by which sulforaphane me-
diates its anti-inflammatory effects is the inhibition
of NF-kB expression or blocking its nuclear translo-
cation (28,29,30).

Similarly, allicin was reported to manifest anti-
inflammatory effects by inhibiting the production of
pro-inflammatory cytokines and enzymes in certain
in vitro models (24,25,31). It was reported that ad-
ministration of garlic extract significantly attenuated
the production of pro-inflammatory mediators, such
as nitric oxide, prostaglandins, TNF-a, and IL-6 in
LPS-stimulated RAW 264.7 macrophages in a dose-
dependent manner. Authors suggested that allicin
could exert this effect through the inhibition of mi-
togen-activated protein kinases (MAPK) and NF-xB

signalling pathways (32). In a cell culture of cardio-
myocytes, allicin was shown to alleviate LPS-induced
injury by suppressing the production of inflammato-
ry mediators and increasing cell viability and surviv-
al (33). In addition, several studies reported that al-
licin can induce apoptosis of inflammation-injured
cells, revealing its therapeutic potential against can-
cer and other pathological conditions related to low-
grade systemic inflammation (24,34,35). Further-
more, this compound was demonstrated to amelio-
rate the mitochondrial dysfunction in LPS-associat-
ed injury in HUVEC (36).

Several comprehensive reviews summarized
data about the anti-inflammatory effects of sulfora-
phane and allicin from in vitro models in various
types of cells (24,25,37). Based on the reported data,
there is no doubt that these organosulfur compounds
have pronounced anti-inflammatory properties with
the potential to modulate pro-inflammatory media-
tors and thus to beneficially affect pathological con-
ditions with different aetiology. Moreover, due to the
overlapping of their anti-inflammatory effects, these
compounds probably share common mechanisms
of action since they can affect the same signalling
pathways, modulating transcriptional factors and
enzymes such as NF-kB, MAPK, Nrf2, COX-2, and
iNOS in different research studies (16,24,27)

Evidence from in vivo studies

In addition to in vitro evaluations, many in vivo
studies were carried out to explore the anti-inflam-
matory effects of sulforaphane and allicin. Although
most of the models of inflammation-related condi-
tions differ in methods to induce inflammation and
in the routes of sulforaphane and allicin administra-
tion, the results are promising in terms of the poten-
tial of the two compounds to be used as therapeutics
or adjuvants in different pathological conditions.

In a mice model of neuropathic pain, the intra-
peritoneal administration of sulforaphane dose-de-
pendently attenuated pain hypersensitivity by reduc-
tion of pro-inflammatory cytokine levels and COX2
and iNOS, and by upregulation of the anti-inflam-
matory IL-10. In addition, the same study reported
that the increased levels of p-opioid receptors, usu-
ally observed in sciatic nerve injury, were enhanced
due to the sulforaphane treatment (38). In a model of
induced colitis, the treatment of mice with brocco-
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li seed extract resulted in a reduction in pathogenic
flora, increased activity of antioxidant markers, in-
creased levels of the anti-inflammatory interleukin
IL-10 and decreased levels of the pro-inflammatory
interleukins IL-1p, IL-6, and TNF-a (39). In addition
to these data, sulforaphane exhibits anti-inflamma-
tory effects in models of LPS-induced acute lung in-
jury, muscle inflammation, hypoxic pulmonary hy-
pertension, and type 2 diabetes mellitus (T2DM)
(25,40,41).

Results in support of the anti-inflammatory
properties of allicin were also reported in various
animal models. For example, allicin exerts signifi-
cant hepatoprotective effects by reducing hepatocyte
apoptosis and inflammation in carbon tetrachloride-
induced liver injury in mice. The authors reported
that these effects were comparable to the effects of
glycyrrhizin - a compound from liquorice roots with
proven hepatoprotective effects (42). Furthermore, it
was reported that 30 days of allicin treatment of Wis-
ter rats with metabolic syndrome significantly re-
duced overexpression of IL-1B, IL-6, and TNF-a in
plasma and renal cortex (43). The beneficial effects of
allicin on the central neuron system (CNS) were also
demonstrated by in vivo models. Intraperitoneal ad-
ministration of the compound alleviated experimen-
tally induced intracerebral haemorrhage in mice by
various pharmacological effects, including upregula-
tion of pro-inflammatory factors such as IL-6 and C-
X-C motif ligand 2 in the brain (44).

Furthermore, several studies explored the neu-
roprotective potential of allicin. It was observed that
allicin significantly prevented and ameliorated isch-
aemic stroke by modulating markers of oxidative
stress and inflammatory response (45). In addition,
allicin was shown to ameliorate aluminium- and
copper-induced cognitive dysfunction in rats by re-
storing the redox balance and reducing the inflam-
matory cytokines in the brain (46).

Evidence from human interventional studies

Several epidemiological studies have indicated
that the consumption of vegetables, rich in bioactive
phytochemicals, including organosulfur compounds
is associated with a lower occurrence of inflamma-
tion-related chronic disorders, such as cardiovascu-
lar diseases, obesity, cancer, neurological disorders,
etc. (47,48,49,50).

The beneficial findings from in vitro and in vivo
studies could not be extrapolated directly for human
beings. The human intervention studies have some
limitations in proving the results from experimen-
tal animal and cell culture studies. The main rea-
son could be the poor bioavailability of the studied
substances in plasma and tissues, toxicity, and possi-
ble undesirable side effects. For example, it has been
found that polyphenols are utilized in insignificant
amounts in the human body and have low bioavail-
ability due to the action of intestinal microbiota and
also due to their metabolism in the liver as xenobiot-
ics (51). This raises the question of to what extent the
beneficial effects of natural biologically active sub-
stances can be expected to be reproduced in human
interventions.

Sulforaphane was shown to have high bioavail-
ability (around 80%) compared to some polyphenols
usually included in dietary supplements (47) and to
be relatively safe at low doses in human trials (52).
However, further research is needed on the toxicity
and side effects of high doses of sulforaphane when
the goal is to achieve higher bioavailability and bet-
ter therapeutic effects.

Reports from two randomized double-blind in-
tervention studies revealed that sulforaphane levels
increased significantly in circulation following the
consumption of broccoli (53) and significantly ac-
cumulated in certain tissues after a 28-day interven-
tion with capsules containing its precursor glucora-
phanin (54). A review of human intervention stud-
ies with sulforaphane, primarily through broccoli
sprout consumption, indicated improvements in ox-
idative stress markers and some evidence of reduced
inflammation, though the results were less consistent
compared to animal studies (55). Furthermore, broc-
coli sprout consumption for 70 days significantly de-
creased IL-6 levels and CRP in the plasma of obese
subjects (56). In a recent randomized, double-blind,
placebo-controlled, cross-over designed study with a
cohort of young athletes, 30 mg sulforaphane daily
prevented muscle inflammation by reducing the IL-6
levels 24 hours after intensive exercise (57). In addi-
tion, the potential of sulforaphane as a supplement
or as an adjuvant to anti-inflammatory therapies is
being intensively investigated. Several clinical tri-
als with broccoli sprout extracts (two in Europe and
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tive in the USA) published in the National Library of
Medicine platform were recently completed (58).
Regarding allicin, due to its volatility and rapid
metabolism, its bioavailability is relatively low, even
when consuming large amounts of chopped raw gar-
lic (59). It was shown that products of allicin metabo-
lism, such as S-allyl cysteine and S-all mercapto cys-
teine, are more stable, easily absorbed in the gastro-
intestinal tract and available in the liver, kidney, and
plasma after one hour of the intake (25). Most human
studies have focused on the effects of garlic extract
containing allicin rather than pure allicin. However,
it is important to pay attention to some specific fea-
tures of allicin metabolism. Entering the circulation
and cells, allicin is rapidly bound via disulfide bonds
to cysteine residues of glutathione and proteins to
form S-allyl-mercapto products. Because of this ten-

dency to oxidize thiol groups, allicin can be consid-
ered a reactive sulfur species (60). This may be a lim-
itation in predicting the amount of garlic that needs
to be eaten to reach the therapeutically relevant bio-
availability of allicin contained in it. Moreover, al-
licin was reported to stimulate pain-sensitive neu-
rons and thus interventions with a high amount of
this compound could be harmful. In addition, many
side effects of fresh garlic consumption were report-
ed, such as gastrointestinal disturbances, nausea, bad
breath, and body odour (61).

Despite these limitations, several randomized
controlled trials demonstrated that supplementation
with garlic or aged garlic extract in tablets or capsules
formulation significantly reduced the level of circu-
lating C-reactive protein (CRP) and TNF-a (62) Sup-
plementation with aged garlic extract was shown to

Table 1. Summary of beneficial effects of sulforaphane and allicin demonstrated in different type of studies.

Type of Studies Sulforaphane

NF-kB (28, 29, 30)

In vitro studies | stimulated HUVEC (25)

stimulated synoviocytes (27)

Anti-inflammatory effect through inhibition of
Decrease TNF-a, IL-6, COX-2, iNOS in LPS-

Mitigates LPS-induces injury of Caco-2 (26)
Has a potential to induce apoptosis in TNF-a-

Allicin

Pro-inflammatory cytokines and enzyme
inhibition (24, 25, 31, 37)

Dose-dependent inhibition of MAPK and NEF-
kB signalling pathways in LPS-stimulated RAW
264.7 macrophages (32)

Alleviates LPS-induced injury and increases the
viability of cardiomyocytes (33)

Therapeutic potential against cancer and low-
grade inflammation (24, 34, 35)

Ameliorates the mitochondrial dysfunction in
LPS-induced injury in HUVEC cells (36)
Tends to oxidize thiol groups (60)

In vivo studies

Attenuated pain by reduction of COX-2, iNOS,
and upregulation of IL-10, and increase of the
levels of p-opioid receptors in a mice model of
neuropathic pain (38)

Reduced pathogenic flora and increased
antioxidant markers in a model of induced
colitis in mice (39)

Anti-inflammatory effects in T2DM and lung-
injured animal models (40, 41)

Hepatoprotective effect by reducing hepatocyte
apoptosis and inflammation in induced liver
injury in mice (42)

Decreases IL-1£3, IL-6, TNF-a in plasma and
renal cortex in metabolic syndrome rats (43)
Neuroprotective effect (44, 45, 46)

Human
interventional
studies

Broccoli sprout consumption improves
oxidative stress and inflammation biomarkers
(55)

70 days of broccoli sprout supplementation
decreases IL-6 and CRP in obese subjects (56)
Sulforaphane, in a dose of 30 mg/daily,
decreases IL-6 and prevents muscle
inflammation in young athletes (57)

Stimulates pain-sensitive neurons,
gastrointestinal disturbance, nausea, bad breath
(61)

Garlic or its extracts decrease CRP and TNF-a
(62)

Aged garlic extract inhibits systematic
inflammation through a decrease in TNF-a,
IL-6, and IL-8 in overweight subjects (63)
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reduce circulating levels of TNF-a, IL-6, IL-8, and
thus to inhibit the systemic inflammation in over-
weight subjects (63).

Together, these clinical trials and epidemiolog-
ical studies provided valuable evidence supporting
the anti-inflammatory and health-promoting effects
of organosulfur compounds, particularly sulfora-
phane and allicin.

The beneficial effects of sulforaphane and al-
licin in in vitro, in vivo, and human interventional
studies are summarized in Table 1.

CONCLUSION

Both sulforaphane and allicin exhibit signifi-
cant anti-inflammatory properties, demonstrated
in animal models and cell culture studies. Although
limited, human interventional studies also suggest
potential benefits in reducing inflammation and oxi-
dative stress in various inflammation-related patho-
logical conditions.

The anti-inflammatory effects of sulforaphane
and allicin often overlap probably due to their po-
tential to affect the same signalling pathways. Both
compounds reduce inflammatory cytokine produc-
tion by modulating NF-kB and Nrf2 signalling path-
ways but, unlike sulforaphane, allicin generates nu-
merous side effects.

It could be suggested that sulforaphane and al-
licin are promising agents to be included in anti-in-
flammatory therapies, targeting the signalling path-
ways that generate pro-inflammatory cytokines, che-
mokines, and enzymes. However, more extensive
and well-designed clinical trials are needed to con-
firm these effects and fully understand their thera-
peutic potential in humans.

Acknowledgements: This work was supported
by the Medical University of Varna (Science Fund,
Project No. 22003)

REFERENCES

Abdulkhaleq LA, Assi MA, Abdullah R, Zamri-
Saad M, Taufiq-Yap YH, Hezmee MNM. The cru-
cial roles of inflammatory mediators in inflamma-
tion: A review. Vet World. 2018 May;11(5):627-635.
doi: 10.14202/vetworld.2018.627-635.

Soares CLR, Wilairatana P, Silva LR, Moreira

PS, Vilar Barbosa NMM, da Silva PR, et al. Bio-
chemical aspects of the inflammatory process:

A narrative review. Biomed Pharmacother. 2023
Dec;168:115764. doi: 10.1016/j.biopha.2023.115764.

Osman EO, Khalil NA, Magdy A, El-Dash Y. New
pyrazole-pyridazine hybrids as selective COX-2 in-
hibitors: design, synthesis, molecular docking, in
silico studies and investigation of their anti-in-
flammatory potential by evaluation of TNF-q, IL-
6, PGE-2 and NO in LPS-induced RAW?264.7 mac-
rophages. RSC Med Chem. 2024 Jun 5;15(8):2692-
2708. doi: 10.1039/d4md00135d.

Liu GT, Kuo CY. Bioactives and Inflammation.
Curr Issues Mol Biol. 2023 Jul 13;45(7):5824-5829.
doi: 10.3390/cimb45070368.

Esteve M. Mechanisms Underlying Biological Ef-
fects of Cruciferous Glucosinolate-Derived Iso-
thiocyanates/Indoles: A Focus on Metabolic Syn-
drome. Front Nutr. 2020 Sep 2;7:111. doi: 10.3389/
fnut.2020.00111.

Lu PD, Zhao YH. Targeting NF-kB pathway for

treating ulcerative colitis: comprehensive regulato-
ry characteristics of Chinese medicines. Chin Med.
2020 Feb 10;15:15. doi: 10.1186/s13020-020-0296-z.

Kamal RM, Abdull Razis AF, Mohd Sukri NS,
Perimal EK, Ahmad H, Patrick R, et al. Beneficial
Health Effects of Glucosinolates-Derived Isothio-
cyanates on Cardiovascular and Neurodegenera-
tive Diseases. Molecules. 2022 Jan 19;27(3):624. doi:
10.3390/molecules27030624.

Zhang M, Pan H, Xu Y, Wang X, Qiu Z, Jiang L.
Allicin Decreases Lipopolysaccharide-Induced Ox-
idative Stress and Inflammation in Human Um-
bilical Vein Endothelial Cells through Suppression
of Mitochondrial Dysfunction and Activation of
Nrf2. Cell Physiol Biochem. 2017;41(6):2255-67. doi:
10.1159/000475640.

Caglayan B, Kilic E, Dalay A, Altunay S, Tuzcu M,
Erten F et al. Allyl isothiocyanate attenuates oxida-
tive stress and inflammation by modulating Nrf2/
HO-1 and NF-«B pathways in traumatic brain in-

Scripta Scientifica Pharmaceutica, 2024; Online First
Medical University of Varna



Stefka Stoeva, Todorka Sokratreva, Deyana Vankova et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

jury in mice. Molecular Biology Reports 2019;
46(1):241-250. doi: 10.1007/s11033-018-4465-4.

Feng Z, Wang T, Sun Y, Chen S, Hao H, Du W, et
al. Sulforaphane suppresses paraquat-induced ox-
idative damage in bovine in vitro-matured oo-
cytes through Nrf2 transduction pathway. Ecotox-
icol Environ Saf. 2023;254:114747. doi: 10.1016/j.
ecoenv.2023.114747.

National Center for Biotechnology Information.
(PubChem [Internet]. Bethesda (MD): National Li-
brary of Medicine (US), National Center for Bio-
technology Information; 2004-. PubChem Com-
pound Summary for CID 5350, Sulforaphane; [cit-
ed 2024 Dec. 30]. Available from: https:/pubchem.
ncbi.nlm.nih.gov/compound/Sulforaphane Pub-
Chem Compound Summary for CID 5350, 16746,
and 153557).

Men X, Han X, Oh G, Im JH, Lim JS, Cho GH,

et al. Plant sources, extraction techniques, ana-
lytical methods, bioactivity, and bioavailabili-

ty of sulforaphane: a review. Food Sci Biotechnol.
2023;33(3):539-56. doi: 10.1007/s10068-023-01434-7.

Fahey JW, Holtzclaw WD, Wehage SL, Wade KL,
Stephenson KK, Talalay P. Sulforaphane Bioavail-
ability from Glucoraphanin-Rich Broccoli: Con-
trol by Active Endogenous Myrosinase. PLoS One.
2015 Nov 2;10(11):e0140963. doi: 10.1371/journal.
pone.0140963.

Parchem K, Piekarska A, Bartoszek A. Chapter 3
- Enzymatic activities behind degradation of glu-
cosinolates. In: Galanakis CM, editor. Glucosin-
olates: Properties, Recovery, and Applications.
Academic Press; 2020. pp. 79-106, doi: 10.1016/
B978-0-12-816493-8.00003-2.

Sikorska-Zimny K, Beneduce L. The Metabolism of
Glucosinolates by Gut Microbiota. Nutrients. 2021
Aug 10;13(8):2750. doi: 10.3390/nu13082750.

Asif Ali M, Khan N, Kaleem N, Ahmad W, Alhar-
ethi SH, Alharbi B, et al. J. Anticancer properties
of sulforaphane: current insights at the molecu-
lar level. Front Oncol. 2023 Jun 16;13:1168321. doi:
10.3389/fonc.2023.1168321.

Khan WU, Salman M, Ali M, Majid H, Yar MS,
Akhtar M, et al. Neuroprotective effects of sul-
foraphane in a rat model of Alzheimer’s Disease
induced by AP (1-42) peptides. Neurochem Int.
2024;179:105839. doi: 10.1016/j.neuint.2024.105839.

Habtemariam, S. Anti-Inflammatory Therapeu-
tic Mechanisms of Isothiocyanates: Insights from

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sulforaphane. Biomedicines 2024; 12:1169. doi:
10.3390/biomedicines12061169.

Olayanju JB, Bozic D, Naidoo U, Sadik OA. A com-
parative review of key isothiocyanates and their
health benefits. Nutrients. 2024;16(6):757. doi:
10.3390/nul6060757.

Wang M, Chen M, Guo R, Ding Y, Zhang H, He Y.
The improvement of sulforaphane in type 2 diabe-
tes mellitus (T2DM) and related complications: A
review. Trends Food Sci Technol. 2022;129:397-407.
doi: 10.1016/j.tifs.2022.10.007.

Sarfraz M, Nasim M]J, Jacob C, Gruhlke MCH. Ef-
ticacy of Allicin against Plant Pathogenic Fungi
and Unveiling the Underlying Mode of Action Em-
ploying Yeast Based Chemogenetic Profiling Ap-
proach. Appl Sci. 2020; 10(7):2563. doi: 10.3390/
appl0072563.

Salehi B, Zucca P, Orhan IE, Azzini E, Adetun-

ji CO, Mohammed SA, et al. Allicin and health: A
comprehensive review. Trends Food Sci Technol.
2019;86:502-16. doi: 10.1016/j.tifs.2019.03.003.

Reiter J, Levina N, van der Linden M, Gruhlke M,
Martin C, Slusarenko AJ. Diallylthiosulfinate (Al-
licin), a Volatile Antimicrobial from Garlic (Alli-
um sativum), Kills Human Lung Pathogenic Bac-
teria, Including MDR Strains, as a Vapor. Mol-
ecules. 2017 Oct 12;22(10):1711. doi: 10.3390/
molecules22101711.

Savairam VD, Patil NA, Borate SR, Ghaisas MM,
Shete RV. Allicin: A review of its important phar-
macological activities. Pharmacol Res Mod-

ern Chinese Med. 2023;8:100283. doi: 10.1016/j.
prmem.2023.100283.

Ruhee RT, Roberts LA, Ma S, Suzuki K. Organosul-
fur Compounds: A Review of Their Anti-inflam-
matory Effects in Human Health. Front Nutr. 2020
Jun 2;7:64. doi: 10.3389/fnut.2020.00064.

Zhang Y], Wu Q. Sulforaphane protects intestinal
epithelial cells against lipopolysaccharide-induced
injury by activating the AMPK/SIRT1/PGC-1a
pathway. Bioengineered. 2021 Dec;12(1):4349-60.
doi: 10.1080/21655979.2021.1952368.

Fragoulis A, Laufs ], Miiller S, Soppa U, Siegl S, Re-
iss LK, et al. Sulforaphane has opposing effects on
TNEF-alpha stimulated and unstimulated synovio-
cytes. Arthritis Res Ther. 2012 Oct 27;14(5):R220.
doi: 10.1186/ar4059.

Jhang KA, Park JS, Kim HS, Chong YH. Sulfora-
phane rescues amyloid-p peptide-mediated de-

Scripta Scientifica Pharmaceutica, 2024; Online First
Medical University of Varna



Anti-Inflammatory Properties of Plant-Derived Organosulfur Compounds: Insights from Sulforaphane and Allicin

29.

30.

31.

32.

33.

34.

35.

36.

37.

crease in MerTK expression through its anti-in-
flammatory effect in human THP-1 macrophages.
] Neuroinflammation. 2018 Mar 12;15(1):75. doi:
10.1186/s12974-018-1112x.

Qin S, Yang C, Huang W, Du S, Mai H, Xiao J, et

al. Sulforaphane attenuates microglia-mediated
neuronal necroptosis through down-regulation of
MAPK/NF-«B signaling pathways in LPS-activated
BV-2 microglia. Pharmacol Res. 2018 Jul;133:218-
35. doi: 10.1016/j.phrs.2018.01.014.

Subedi L, Lee JH, Gaire BP, Kim SY. Sulforaphane
Inhibits MGO-AGE-Mediated Neuroinflammation
by Suppressing NF-kB, MAPK, and AGE-RAGE
Signaling Pathways in Microglial Cells. Antioxi-
dants (Basel). 2020 Aug 26;9(9):792. doi: 10.3390/
antiox9090792.

Egbujor MC, Petrosino M, Zuhra K, Saso L. The
Role of Organosulfur Compounds as Nrf2 Ac-
tivators and Their Antioxidant Effects. Antioxi-
dants (Basel). 2022 Jun 26;11(7):1255. doi: 10.3390/
antiox11071255.

Shang A, Cao SY, Xu XY, Gan RY, Tang GY,
Corke H, et al. Bioactive compounds and biologi-
cal functions of garlic (Allium sativum L.). Foods
2019;8(7):246. doi: 10.3390/foods8070246.

Sun F, Xu K, Zhou J, Zhang W, Duan G, Lei M. Al-
licin protects against LPS-induced cardiomyo-
cyte injury by activating Nrf2-HO-1 and inhibiting
NLRP3 pathways. BMC Cardiovasc Disord. 2023
Aug 18;23(1):410. doi: 10.1186/s12872-023-03442-1.

Gruhlke MC, Nicco C, Batteux F, Slusarenko AJ.
The Effects of Allicin, a Reactive Sulfur Species
from Garlic, on a Selection of Mammalian Cell
Lines. Antioxidants (Basel). 2016 Dec 26;6(1):1. doi:
10.3390/antiox6010001.

Catanzaro E, Canistro D, Pellicioni V, Vivarel-

li F, Fimognari C. Anticancer potential of allicin:
A review. Pharmacol Res. 2022;177:106118. doi:
10.1016/j.phrs.2022.106118.

Zhang M, Pan H, Xu Y, Wang X, Qiu Z, Jiang L.
Allicin Decreases Lipopolysaccharide-Induced Ox-
idative Stress and Inflammation in Human Um-
bilical Vein Endothelial Cells through Suppression
of Mitochondrial Dysfunction and Activation of
Nrf2. Cell Physiol Biochem. 2017;41(6):2255-67. doi:
10.1159/000475640.

Habtemariam S. Anti-Inflammatory Therapeutic
Mechanisms of Isothiocyanates: Insights from Sul-

40.

41.

42.

43.

44.

45.

46.

foraphane. Biomedicines. 2024 May 24;12(6):1169.
doi: 10.3390/biomedicines12061169.

Wang C, Wang C. Anti-nociceptive and anti-in-
flammatory actions of sulforaphane in chronic
constriction injury-induced neuropathic pain mice.
Inflammopharmacology. 2017 Feb;25(1):99-106.
doi: 10.1007/s10787-016-0307-y.

Wu ], Guo W, Cui S, Tang X, Zhang Q, Lu W, et al.
Broccoli seed extract rich in polysaccharides and
glucoraphanin ameliorates DSS-induced colitis
via intestinal barrier protection and gut microbio-
ta modulation in mice. J Sci Food Agric. 2023 Mar
15;103(4):1749-60. doi: 10.1002/jsfa.12382.

Gu J, Cheng Y, Wu H, Kong L, Wang S, Xu Z, et al.
Metallothionein Is Downstream of Nrf2 and Par-
tially Mediates Sulforaphane Prevention of Diabet-
ic Cardiomyopathy. Diabetes. 2017 Feb;66(2):529-
42. doi: 10.2337/db15-1274.

.Pan], Wang R, Pei Y, Wang D, Wu N, Ji Y, et

al. Sulforaphane alleviated vascular remodel-

ing in hypoxic pulmonary hypertension via in-
hibiting inflammation and oxidative stress. J
Nutr Biochem. 2023 Jan;111:109182. doi: 10.1016/j.
jnutbio.2022.109182.

Gong Q, Wang X, Liu Y, Yuan H, Ge Z, Li Y, et al.
Potential hepatoprotective effects of allicin on car-
bon tetrachloride-induced acute liver injury in
mice by inhibiting oxidative stress, inflammation,
and apoptosis. Toxics 2024; 12(5):328. doi: 10.3390/
toxics12050328.

Arellano Buendia AS, Juarez Rojas JG, Garcia-Ar-
royo F, Aparicio Trejo OE, Sanchez-Muiioz F, Ar-
giiello-Garcia R, et al. Antioxidant and anti-in-
flammatory effects of allicin in the kidney of an ex-
perimental model of metabolic syndrome. Peer].
2023 Sep 27;11:e16132. doi: 10.7717/peerj.16132.

Atef'Y, Kinoshita K, Ichihara Y, Ushida K, Hira-
ta'Y, Kurauchi Y, et al. Therapeutic effect of alli-
cin in a mouse model of intracerebral hemorrhage.
J Pharmacol Sci. 2023;153(4):208-14. doi: 10.1016/j.
jphs.2023.09.007.

Zhuang F, Shi X, Qiao S, Liu B, Wang Z, Huo H,
et al. Allicin promotes functional recovery in isch-
emic stroke via glutathione peroxidase-1 activa-
tion of Src-Akt-Erk. Cell Death Discov. 2023 Sep
6;9(1):335. doi: 10.1038/s41420-023-01633-5.

Nadeem MS, Kazmi I, Ullah I, Muhammad K, An-
war F. Allicin, an Antioxidant and Neuroprotective

Scripta Scientifica Pharmaceutica, 2024; Online First
Medical University of Varna



Stefka Stoeva, Todorka Sokratreva, Deyana Vankova et al.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Agent, Ameliorates Cognitive Impairment. Antiox-
idants. 2022; 11(1):87. doi: 10.3390/antiox11010087.

Houghton CA. Sulforaphane: Its “Coming of Age”
as a Clinically Relevant Nutraceutical in the Pre-
vention and Treatment of Chronic Disease. Oxid
Med Cell Longev. 2019 Oct 14;2019:2716870. doi:
10.1155/2019/2716870.

Ruscica M, Penson PE, Ferri N, Sirtori CR, Pirro
M, Mancini GB]J, et al. Impact of nutraceuticals on
markers of systemic inflammation: Potential rele-
vance to cardiovascular diseases - A position paper
from the International Lipid Expert Panel (ILEP).
Prog Cardiovasc Dis. 2021 Jul-Aug;67:40-52. doi:
10.1016/j.pcad.2021.06.010.

Alvarenga L, Reis DCMYV, Kemp JA, Teixeira KTR,
Fouque D, Mafra D. Using the concept of food as
medicine to mitigate inflammation in patients un-
dergoing peritoneal dialysis. Ther Apher Dial. 2024
Jun;28(3):341-53. doi: 10.1111/1744-9987.14101.

Shrivastav D, Kumbhakar SK, Srivastava S, Singh
DD. Natural product-based treatment potential for
type 2 diabetes mellitus and cardiovascular disease.
World ] Diabetes. 2024 Jul 15;15(7):1603-14. doi:
10.4239/wjdv15.i7.1603.

Di Lorenzo C, Colombo F, Biella S, Stockley C, Res-
tani P. Polyphenols and Human Health: The Role
of Bioavailability. Nutrients. 2021 Jan 19;13(1):273.
doi: 10.3390/nu13010273.

Zuo M, Chen H, Liao Y, He P, Xu T, Tang J, Zhang
N. Sulforaphane and bladder cancer: a poten-

tial novel antitumor compound. Front Phar-
macol. 2023 Sep 15;14:1254236. doi: 10.3389/
fphar.2023.1254236.

Sivapalan T, Melchini A, Saha S, Needs P W, Traka
M H, Tapp H et al. Bioavailability of glucoraphanin
and sulforaphane from high-glucoraphanin broc-
coli. Mol Nutr Food Res 2018; 62(18):1700911. doi:
10.1002/mnfr.201700911.

Livingstone TL, Saha S, Bernuzzi F, Savva GM,
Troncoso-Rey P, Traka MH, et al. Accumulation
of sulforaphane and alliin in human prostate tis-
sue. Nutrients. 2022; 14(16):3263. doi: 10.3390/
nul4163263.

Conzatti A, Frées FC, Schweigert Perry ID, Sou-
za CG. Clinical and molecular evidence of the
consumption of broccoli, glucoraphanin and sul-
foraphane in humans. Nutr Hosp. 2014 Nov
30;31(2):559-69. doi: 10.3305/nh.2015.31.2.7685.

56.

57.

58.

59.

60.

61.

62.

63.

Lopez-Chillon MT, Carazo-Diaz C, Prieto-Meri-
no D, Zafrilla P, Moreno DA, Villano D. Effects
of long-term consumption of broccoli sprouts on
inflammatory markers in overweight subjects.
Clin Nutr. 2019 Apr;38(2):745-752. doi: 10.1016/j.
cInu.2018.03.006.

Sato K, Kihara H, Kumazawa Y, Tatara K. Oral
chronic sulforaphane effects on heavy resistance
exercise: Implications for inflammatory and muscle
damage parameters in young practitioners. Nutri-
tion. 2021;90:111266. doi: 10.1016/j.nut.2021.111266

National Library of Medicine. National Center for
Biotechnology information. Clinicaltrials.gov. 2024
[cited 2024 Dec 7]. Available from: https:/clinical-
trials.gov/search?intr=Sulforaphane

Lawson LD, Hunsaker SM. Allicin Bioavailability
and Bioequivalence from Garlic Supplements and
Garlic Foods. Nutrients. 2018 Jun 24;10(7):812. doi:
10.3390/nul0070812.

Borlinghaus J, Foerster ], Kappler U, Antelmann

H, Noll U, Gruhlke MCH, et al. Allicin, the odor of
freshly crushed garlic: a review of recent progress in
understanding allicin’s effects on cells. Molecules
2021; 26(6):1505. doi: 10.3390/molecules26061505.

Gyawali D, Vohra R, Orme-Johnson D, Ramarat-
nam S, Schneider RH. A systematic review and Me-
ta-analysis of Ayurvedic Herbal preparations for
Hypercholesterolemia. Med (Mex). 2021;57(6):546

Mirzavandi F, Mollahosseini M, Salehi-Abargouei
A, Makiabadi E, Mozaffari-Khosravi H. Effects

of garlic supplementation on serum inflammato-
ry markers: A systematic review and meta-analy-
sis of randomized controlled trials. Diabetes Metab
Syndr. 2020 Sep-Oct;14(5):1153-61. doi: 10.1016/j.
dsx.2020.06.031.

Xu C, Mathews AE, Rodrigues C, Eudy BJ, Rowe
CA, O’Donoughue A, Percival SS. Aged garlic ex-
tract supplementation modifies inflammation and
immunity of adults with obesity: A randomized,
double-blind, placebo-controlled clinical trial. Clin
Nutr ESPEN. 2018 Apr;24:148-155. doi: 10.1016/j.
clnesp.2017.11.010.

Scripta Scientifica Pharmaceutica, 2024; Online First
Medical University of Varna



