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Abstract: Sorghum is an important cereal with high value as a health food ingredient because it
contains various phenolic compounds. Anti-inflammatory activity was assessed using 12 sorghum
resources collected from various countries to explore their potential as medicinal resources. The
findings revealed that, at extract concentrations of 25 µg/mL and 50 µg/mL, cell survival rates were
observed to be between 70 and 80% for most varieties, with the exception of K159081. In the analysis
of anti-inflammatory activity, measured by the rate of nitric oxide (NO) production, sorghum varieties
K159041 and K159081 exhibited NO production rates of 0.46 ± 0.38% and 2.58 ± 0.20%, respectively,
indicating significant anti-inflammatory properties. The investigation into anti-inflammatory ef-
fects also included examining the expression of the inducible nitric oxide synthase (iNOS) gene,
which is related to the inflammatory response triggered by LPS in macrophages. Varieties K159041,
K159048, K159077, K159078, K159081, K159089, and K159096 were analyzed for this purpose. Further,
an expression test of the cyclooxygenase 2 (COX-2) gene revealed values less than 0.4 in K159077,
K159081, and K159089, suggesting these sorghum lines possess higher anti-inflammatory activity
compared to others. Additionally, the expression analysis of tumor necrosis factor alpha (TNF-α),
a gene identified as an inflammatory cytokine, showed that the mRNA levels in the lines K159048,
K159077, K159078, K159088, K159089, K159093, and K159096 were expressed at lower levels relative
to other sorghum resources, categorizing them as having high anti-inflammatory activity. Notably, the
K159081 line exhibited the lowest expression level of all genes associated with inflammation, marking
it as a valuable medicinal resource with potential development as an anti-inflammatory agent.

Keywords: anti-inflammatory activity; COX-2; iNOS; NO production; sorghum resources; TNF-α

1. Introduction

Sorghum, a staple crop in Africa, Asia, and South America, has seen an increase in
value due to its rich nutrient and energy content [1]. Amidst concerns over the potential
impact of climate change on global crop production, researchers are exploring alternative
food sources to sustain the growing population and enhance agricultural yields. Sorghum
stands out as a viable option for meeting these food needs [2]. Studies have focused
on developing sorghum into a tailored biomaterial for creating functional foods, owing
to its content of essential nutrients like proteins, vitamins, minerals, lipids, and fiber,
as well as significant quantities of secondary metabolites such as flavonoids, tannins,
and anthocyanins. This underscores the importance of interdisciplinary research in this
area [3,4]. These secondary metabolites in sorghum seeds are recognized for their potential
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health benefits, including their roles in disease prevention and the promotion of health
through their antioxidant, anti-inflammatory, and anti-cancer properties [5,6].

Oxidative stress, characterized by an imbalance between free radicals and antioxidants,
leads to various inflammatory and cancer-related diseases [7,8]. Inflammation can dam-
age cells, making them prone to infections and chronic diseases, with cytokines such as
interleukin 1, β (IL-1β), tumor necrosis factor (TNF-α), and interleukin 6 (IL-6) playing
critical roles in its development [9]. In research models, macrophages involved in inflamma-
tion release nitric oxide and inflammatory molecules upon LPS stimulation; excessive NO
production can lead to cancer metastasis and DNA damage, causing mutagenesis [10,11].
Phytochemicals have been identified as agents capable of mitigating inflammation by inhibit-
ing inflammation-promoting enzymes [12,13]. Therefore, identifying plant-based substances
that can suppress inflammatory markers is crucial for preventing chronic diseases.

There is a report in activity research that studied the correlation between cultivation
environment and content, such as phenol, according to the sorghum genotype. Recently,
as research on the biological functionality of sorghum has become more active, there have
been reports on active components such as flavonoids and various phenolic components,
including tannin [14]. The polyphenol extract of sorghum is known to exhibit antioxidant
activity and inhibit the activity of enzymes related to cholesterol biosynthesis, making
it a valuable crop as a food [15]. Although numerous studies have highlighted the anti-
inflammatory effects of sorghum extracts, the underlying mechanisms remain partially
understood [12,16,17]. Research continues to delve into the anti-inflammatory potential of
sorghum’s phenolic extracts, emphasizing the need to elucidate the mechanisms connecting
sorghum extracts to their anti-inflammatory activity.

In a recent study involving 12 sorghum resources collected internationally, comprehen-
sive analyses were conducted on antioxidant activity, total phenol and flavonoid contents,
phenolic compound analysis, and intracellular antioxidant gene expression [18]. Extracts
of sorghum seeds collected from overseas showed different differences in antioxidant
activity, depending on the genetic characteristics of the resources. Building on this founda-
tion, the current study further examines the cytotoxicity and anti-inflammatory effects on
LPS-induced macrophages, as well as the expression of inflammation-related genes using
real-time polymerase chain reaction (PCR). The findings underscore sorghum’s efficacy in
alleviating and improving inflammation, reinforcing its potential as a valuable material for
health improvement.

2. Materials and Methods
2.1. Extract Preparation

Sorghum seeds from 12 genetic resources (K159041, K159042, K159078, K159081,
K159088, K159089, K159093, K159097, K159100, K159096, K159048, and K159077), origi-
nating from Australia, the former Soviet Union, the USA, Sudan, and Guadeloupe, were
acquired through the National Agrobiodiversity Center at the National Institute of Agri-
cultural Sciences, Rural Development Administration, Republic of Korea. Three grams of
seeds per resource were ground using a grinder (HG-7113, Haeger, Barcelona, Spain), then
extracted in 100% methanol at room temperature for 48 h. The extracts were filtered using
filter paper (Whatman No. 42). The filtrate was then concentrated to a final concentration
of 10,000 µg/mL using a rotary vacuum concentrator (EYELA N-1110, Tokyo Rikakikai Co.,
Ltd., Tokyo, Japan) for experimental use.

2.2. MTT Assay

Raw 264.7 cells were seeded at a density of 1 × 105 cells/well in 100 µL per well in a
96-well plate (SPL Life Science Korea, Pocheon, Republic of Korea) and incubated in a CO2
incubator for 24 h [19]. Following this incubation, the medium was discarded, and the cells
were treated with sorghum seed extract at concentrations of 25, 50, and 100 µg/mL, diluted
in DMEM/High Modified medium (Hyclone Laboratories Inc., South Logan, UT, USA), for
24 h. After the treatment period, the extract was removed, and 100 µL of 500 µg/mL MTT
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reagent was added to each well. The cells were then incubated in a CO2 incubator for 4 h,
followed by the addition of 100 µL of DMSO to dissolve the formazan crystals. The plates
were incubated at room temperature for 20 min to facilitate dissolution. The absorbance was
measured at 519 nm using a UV-spectrophotometer (Thermo Fisher Scientific Inc., Waltham,
MA, USA). The cytotoxicity of the sorghum seed extract in Raw 264.7 cells was calculated
using the formula: Cytotoxicity % = [(Abs(sample) − Abs(blank)/Abs(control)] × 100.

2.3. Analysis of Anti-Inflammatory Activity Using LPS-Induced Macrophages

To evaluate the rate of NO production in LPS-induced macrophages, 100 µL of RAW
264.7 cells, at a density of 1 × 105 cells/well, were seeded into a 96-well plate and incubated
in a CO2 incubator for 24 h [19]. Subsequently, 50 µL of 4 µg/mL LPS and 50 µL of sorghum
seed extract, diluted to concentrations of 25, 50, and 75 µg/mL using DMEM/High Mod-
ified, were added and incubated for another 24 h in a CO2 incubator (Sanyo Co., Ltd.,
MCO-19AIC, Osaka, Japan). After incubation, 50 µL of the supernatant was collected
for analysis. Griess reagent A (1% sulfanilamide, Sigma-Aldrich Co., Ltd., St. Louis,
MO, USA) and Griess reagent B (0.1% N-(1-naphthyl)ethylenediamine dihydrochloride,
Thermo Fisher Scientific Inc., Waltham, MA, USA) were mixed in a 1:1 ratio, and 50 µL
was added to the supernatant. The mixture was then incubated at room temperature for
20 min, and the absorbance was measured at 519 nm using a UV–vis spectrophotome-
ter. The anti-inflammatory activity in Raw 264.7 cells was calculated as: Rate of NO
production % = [(Abs(sample) − Abs(blank))/Abs(control)] × 100.

2.4. Analysis of Inflammation-Causing Genes Using Real-Time PCR

cDNA synthesis was performed using PrimeScript™ RT Master Mix (Perfect Real Time,
Takara Korea Biomedical Inc., Seoul, Republic of Korea). For real-time PCR, a 25 µL reaction
mixture was prepared using TB Green® Premix Ex Taq™ (Tli RNaseH Plus, Takara Korea
Biomedical Inc.), and the analysis was carried out on a CronoSTAR™ 96 Real-Time PCR
System (Takara Korea Biomedical Inc., Seoul, Republic of Korea) [18]. The PCR conditions
included an initial denaturation at 95 ◦C for 30 s, followed by a two-step amplification
process (denaturation at 95 ◦C for 5 s and annealing at 60 ◦C for 30 s) for 40 cycles, and a
melting curve analysis (95 ◦C for 1 min, 60 ◦C for 15 s, and 98 ◦C for 5 s). The nucleotide
sequences of the primers used are detailed in Table 1.

Table 1. Nucleotide sequences of primers used in real-time PCR.

Primer Orientation Sequence (5′ to 3′)

β-actin
Forward AGAGGGAAATCGTGCGTGAC
Reverse CGATAGTGATGACCTGACCGT

TNF-α
Forward AGGGGATTATGGCTCAGGGT
Reverse GAGTCCTTGATGGTGGTGCA

COX-2
Forward CCCTCCTCACATCCCTGAGA
Reverse ACTCTGTTGTGCTCCCGAAG

iNOS
Forward CTATGGCCGCTTTGATGTGC
Reverse TTGGGATGCTCCATGGTCAC

2.5. Statistical Analysis

The statistical analysis was based on the results of three independent experiments,
presented as mean ± standard deviation. Data were analyzed using IBM SPSS Statistics
26 software. Duncan’s multiple range test was applied to determine statistical significance
through analysis of variance, with a significance threshold set at p < 0.05.
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3. Results and Discussion
3.1. Toxicity Evaluation of RAW 264.7 Cells to Measure Anti-Inflammatory Activity

The experiment utilized sample concentrations of 25, 50, and 100 µg/mL to assess
cytotoxicity towards normal cells. Figure 1 illustrates the cytotoxicity in RAW 264.7 cells. All
tested extracts from the collected resources demonstrated low cytotoxicity at a concentration
of 100 µg/mL. Notably, the extract from the K159078 sorghum resource exhibited the
lowest cytotoxicity, at 5.89 ± 0.17%, while the K159081 resource extract displayed similar
low cytotoxicity levels, with a statistical value of 14.20 ± 0.40%. The concentrations
that maintained cell viability above 70–80% were identified as 25 µg/mL and 50 µg/mL;
however, K159078 was the only variant showing a cell viability lower than this range.
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Figure 1. Cytotoxicity comparison with 12 sorghum resources collected from foreign region using
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Cell viability is commonly assessed using the MTT assay, which involves the conver-
sion of the yellow tetrazolium MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) to purple formazan by active mitochondrial dehydrogenase in viable cells. The
absorbance of this conversion is measured at 490 nm using a spectrophotometer [20]. When
treated with various concentrations of sorghum extract (50, 100, 200, 400, 500 µg/mL), no
cytotoxicity was observed in either the hull or grain even at the highest concentration of
500 µg/mL. However, the bran extract maintained a survival rate above 90% at concentra-
tions up to 200 µg/mL [21]. Another study that applied sorghum seed extract at 50, 100,
and 200 µg/mL to RAW 264.7 cells found that treatment with 100 µg/mL of extract resulted
in cell viability exceeding 89.28 ± 15.30%, indicating robust cell vitality across all tested
seed extracts [22]. Our results showed a 70–80% cell survival rate at a lower concentration
than those reported, which may be due to differences in the type of extraction solvent and
extraction method.

These findings highlight that MTT assay results can vary significantly based on the
plant species used, as well as the differences in extraction solvent, site, and method. This
underlines the importance of considering these variables when evaluating the cytotoxicity
and therapeutic potential of plant extracts.

3.2. Anti-Inflammatory Activity Using Sorghum Extract

To assess the anti-inflammatory effects of sorghum extract on LPS-induced inflamma-
tion in RAW264.7 cells, the reduction in NO production was quantified using Griess reagent.
The extracts from various sorghum resources were prepared and cultured to achieve final
concentrations ranging from 25 to 75 µg/mL in the culture medium. The results, depicted
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in Figure 2, highlight the relationship between NO production rates and inflammation. At
a concentration of 75 µg/mL, NO production was significantly reduced, with sorghum
resources K159041 and K159081 demonstrating the most pronounced decrease in NO pro-
duction rates at 0.46 ± 0.38% and 2.58 ± 0.20%, respectively. These findings indicate their
superior anti-inflammatory activity. The relative effectiveness of the sorghum resources,
in descending order of anti-inflammatory potential at this concentration, are as follows:
K159097, K159077, K159078, K159042, K159088, K159100, K159093, K159089, K159096,
and K159048.
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A study on the NO inhibitory activity of sorghum seed extract from Uzbekistan treated
on LPS-induced RAW264.7 cells at concentrations of 10, 50, and 100 µg/mL reported a
significant inhibitory effect, with an inhibition rate of 144.35 ± 4.55% at 100 µg/mL [18].
Furthermore, the use of extruded sorghum bran extract resulted in a more than 14% increase
in NO production suppression compared to non-extruded extracts [23]. These variations
in NO production inhibition are attributed to differences in the sorghum extract and the
method of sample preparation. Notably, K159041 and K159081 demonstrated nearly zero
NO production rates, indicating their potent anti-inflammatory effects. This underscores
the necessity for further investigation into their potential medicinal applications as anti-
inflammatory agents.

3.3. Inflammatory Gene Expression Analysis

To evaluate the impact of sorghum extract treatment on the expression of inflammation-
related genes in LPS-induced RAW264.7 cells, primers were designed for iNOS, TNF-α,
and COX-2 genes, and qPCR analyses were performed. The expression level of the iNOS
gene was found to be 0.4 or lower in seven sorghum resources: K159041, K159048, K159077,
K159078, K159081, K159089, and K159096. Notably, K159048 and K159081 exhibited signifi-
cantly reduced expression levels, nearing zero (Figure 3). For the COX-2 gene, three out
of the twelve sorghum resources—K159077, K159081, and K159089—demonstrated low
expression levels (<0.4), with K159081 showing almost no expression (Figure 4). TNF-α
gene expression analysis revealed that K159048, K159077, K159078, K159088, K159089,
K159093, and K159096 had expression levels below 0.4 (Figure 5).
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Inflammation is a localized response to infection and injury, arising from immune
system reactions to internal and external stimuli [15]. The inflammatory response in
macrophages, particularly LPS-induced inflammation, is known to be regulated by iNOS
and COX-2 enzymes [24]. Methylene chloride extract of ‘Hwanggeumchal’ sorghum
(25–100 µg/mL) was shown to decrease mRNA expression levels of iNOS and COX-2, as
well as the protein levels, in a dose-dependent manner in LPS-induced RAW 264.7 cells.
This was accompanied by a reduction in mRNA expression levels of the inflammatory
cytokine TNF-α [25]. Various in vitro studies utilizing sorghum extract have reported its
efficacy in suppressing inflammation by reducing the expression of inflammatory molecules.
For instance, acetone extract of sorghum significantly inhibited COX-2 mRNA expression
in LPS-induced RAW 264.7 cells [26].

4. Conclusions

The sorghum genetic resources used in this study have already been published on
changes in antioxidant activity [Seo Ji-won Paper]. The results of this study, conducted
to study another anti-inflammatory activity, are consistent with several other studies
highlighting the anti-inflammatory potential of sorghum extract. Specifically, in this study,
comprehensive gene expression analysis of iNOS, TNF-α, and COX-2 confirmed that
K159081 sorghum resource had significantly reduced expression of all genes investigated
compared to the control and other sorghum cultivars. K159081 sorghum resource is the
resource that showed the highest total flavonoid activity in previous studies [Seo Ji-won
Paper]. Therefore, we suggest that the relationship between total flavonoid content and
anti-inflammatory activity should be further studied in the future. Resources selected for
their outstanding anti-inflammatory activity can be used not only for the development of
functional foods, but also as pharmaceuticals to relieve and improve inflammation.

Author Contributions: Conceptualization, E.S.S. and C.Y.Y.; methodology, D.Y.H., J.W.S., H.J.C., J.P.,
N.Y.K., M.J.K. and C.Y.Y.; supervision, C.Y.Y. and E.S.S.; formal analysis, D.Y.H.; investigation, E.S.S.,
J.W.S., H.J.C., J.P., N.Y.K., M.J.K. and C.Y.Y.; writing, E.S.S. All authors have read and agreed to the
published version of the manuscript.



Agronomy 2024, 14, 997 8 of 9

Funding: This research was funded by [Rural Development Administration] grant number [Project
No. RS-2024-00427095].

Data Availability Statement: The data presented in this study are contained within the article.

Acknowledgments: This work was carried out with the support of “Cooperative Research Pro-
gram for Agriculture Science and Technology Development (Project No. RS-2024-00427095)” Rural
Development Administration, Republic of Korea.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Duodu, K.G.; Taylor, J.R.N.; Belton, P.S.; Hamaker, B.R. Factors affecting sorghum protein digestibility. J. Cer. Sci. 2003, 38,

117–131. [CrossRef]
2. Hossain, M.S.; Islam, M.N.; Rahman, M.M.; Mostofa, M.G.; Khan, M.A.R. Sorghum: A prospective crop for climatic vulnerability,

food and nutritional security. J. Agric. Food Res. 2022, 8, 100300. [CrossRef]
3. Queiroz, V.A.V.; da Silva, C.S.; de Menezes, C.B.; Schaffert, R.E.; Guimarães, F.F.M.; Guimarães, L.J.M.; Guimarães, P.E.d.O.;

Tardin, F.D. Nutritional 16 composition of sorghum [Sorghum bicolor (L.) Moench] genotypes cultivated without and with water
stress. J. Cer. Sci. 2015, 65, 103–111. [CrossRef]

4. Rashwan, A.K.; Yones, H.A.; Karim, N.; Taha, E.M.; Chen, W. Potential processing technologies for developing sorghum-based
food products: An update and comprehensive review. Trends Food Sci. Technol. 2021, 110, 168–182. [CrossRef]

5. Meena, K.; Visarada, K.B.R.S.; Meena, D.K. Sorghum bicolor (L.) Moench a multifarious crop-fodder to therapeutic potential and
biotechnological applications: A future food for the millennium. Future Foods 2022, 6, 100188. [CrossRef]

6. Rezaee, N.; Fernando, W.M.A.D.B.; Hone, E.; Sohrabi, H.R.; Johnson, S.K.; Gunzburg, S.; Martins, R.N. Potential of sorghum
polyphenols to prevent and treat Alzheimer’s disease: A review article. Fron. Aging Neurosci. 2021, 13, 1–24. [CrossRef]

7. Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860–867. [CrossRef]
8. Lee, S.; Park, Y.; Zuidema, M.Y.; Hannink, M.; Zhang, C. Effects of interventions on oxidative stress and inflammation of

cardiovascular diseases. World J. Cardiol. 2011, 3, 18–24. [CrossRef]
9. Medzhitov, R. Origin and physiological roles of inflammation. Nature 2008, 454, 428–435. [CrossRef]
10. Ohshima, H.; Bartsch, H. Chronic infections and inflammatory processes as cancer risk factors: Possible role of nitric oxide in

carcinogenesis. Mutat. Res. Fundam. Mol. Mech. Mutagen. 1994, 305, 253–264. [CrossRef]
11. Singh, R.P.; Sharad, S.; Kapur, S. Free radicals and oxidative stress in neurodegenerative diseases: Relevance of dietary antioxidants.

J. Indian Acad. Clin. Med. 2004, 5, 218–225.
12. Li, M.; Xu, T.; Zheng, W.; Gao, B.; Zhu, H.; Xu, R.; Deng, H.; Wang, B.; Wu, Y.; Sun, X.; et al. Triacylglycerols compositions, soluble

and bound phenolics of red sorghums, and their radical scavenging and anti-inflammatory activities. Food Chem. 2021, 340,
128123. [CrossRef] [PubMed]

13. Shim, T.J.; Kim, T.M.; Jang, K.C.; Ko, J.Y.; Kim, D.J. Toxicological evaluation and anti-inflammatory activity of a golden gelatinous
sorghum bran extract. Biosci. Biotechnol. Biochem. 2013, 77, 697–705. [CrossRef]

14. Kaufman, R.C.; Herald, T.J.; Bean, S.R.; Wilsona, J.D.; Tuinstra, M.R. Variability in tannin content, chemistry and activity in a
diverse group of tannin containing sorghum cultivars. J. Sci. Food Agric. 2013, 93, 1233–1241. [CrossRef] [PubMed]

15. Kim, J.; Noh, S.K.; Woo, K.S.; Seo, M.C. Sorghum extract lowers lymphatic absorption of trans fat and cholesterol in rats. J. Korean
Soc. Food Sci. Nutr. 2016, 45, 783–788. [CrossRef]

16. Burdette, A.; Garner, P.L.; Mayer, E.P.; Hargrove, J.L.; Hartle, D.K.; Greenspan, P. Anti-inflammatory activity of select sorghum
(Sorghum bicolor) brans. J. Med. Food 2010, 13, 879–887. [CrossRef] [PubMed]

17. Hong, S.; Pangloli, P.; Perumal, R.; Cox, S.; Noronha, L.E.; Dia, V.P.; Smolensky, D.A. Comparative study on phenolic content,
antioxidant activity and anti-inflammatory capacity of aqueous and ethanolic extracts of sorghum in lipopolyshaccaride-induced
RAW264.7 macrophages. Antioxidants 2020, 9, 1297. [CrossRef]

18. Seo, J.W.; Ham, D.Y.; Lee, J.G.; Kim, N.Y.; Kim, M.J.; Yu, C.Y.; Seong, E.S. Antioxidant activity, phenolic content, and antioxidant
gene expression in genetic resources of Sorghum collected from Australia, Former Soviet Union, USA, Sudan and Guadeloupe.
Agronomy 2023, 13, 1698. [CrossRef]

19. Hwang, M.H.; Seo, J.W.; Han, K.J.; Kim, M.J.; Seong, E.S. Effect of Artificial light treatment on the physiological property and
biological activity of the aerial and underground parts of Atractylodes macrocephala. Agronomy 2022, 12, 1485. [CrossRef]

20. Angius, F.; Floris, A. Liposomes and MTT cell viability assay: An incompatible affair. Toxicol. Vitr. 2015, 29, 314–319. [CrossRef]
21. Ra, J.E.; Park, J.Y.; Seo, W.D.; Sim, E.Y.; Ko, J.Y.; Nam, M.H.; Chung, I.M.; Han, S.I. Antioxidative and anti-inflammatory activity

of extract from milling by-products of Sorghum cultivar, ‘Hwanggeumchal’. Korean J. Crop Sci. 2014, 59, 463–469. [CrossRef]
22. Seo, J.W.; Kim, S.K.; Yoo, J.H.; Kim, M.J.; Seong, E.S. Soil conditions during cultivation affect the total phenolic and flavonoid

content of rosemary. J. Appl. Biol. Chem. 2022, 65, 89–92. [CrossRef]
23. Lopez, N.J.S.; Loarca-Piña, G.; Campos-Vega, R.; Martínez, M.G.; Sánchez, E.M.; Esquerra-Brauer, J.M.; Gonzalez-Aguilar,

G.A.; Sánchez, M.R. The extrusion process as an alternative for improving the biological potential of Sorghum bran: Phenolic
compounds and antiradical and anti-inflammatory capacity. Eviron. Based Complement Alter. Med. 2016, 8387975, 8.

https://doi.org/10.1016/S0733-5210(03)00016-X
https://doi.org/10.1016/j.jafr.2022.100300
https://doi.org/10.1016/j.jcs.2015.06.018
https://doi.org/10.1016/j.tifs.2021.01.087
https://doi.org/10.1016/j.fufo.2022.100188
https://doi.org/10.3389/fnagi.2021.729949
https://doi.org/10.1038/nature05485
https://doi.org/10.4330/wjc.v3.i1.18
https://doi.org/10.1038/nature07201
https://doi.org/10.1016/0027-5107(94)90245-3
https://doi.org/10.1016/j.foodchem.2020.128123
https://www.ncbi.nlm.nih.gov/pubmed/33010645
https://doi.org/10.1271/bbb.120731
https://doi.org/10.1002/jsfa.5890
https://www.ncbi.nlm.nih.gov/pubmed/23011944
https://doi.org/10.3746/jkfn.2016.45.6.783
https://doi.org/10.1089/jmf.2009.0147
https://www.ncbi.nlm.nih.gov/pubmed/20673059
https://doi.org/10.3390/antiox9121297
https://doi.org/10.3390/agronomy13071698
https://doi.org/10.3390/agronomy12071485
https://doi.org/10.1016/j.tiv.2014.11.009
https://doi.org/10.7740/kjcs.2014.59.4.463
https://doi.org/10.3839/jabc.2022.012


Agronomy 2024, 14, 997 9 of 9

24. Fujihara, M.; Muroi, M.; Tanamoto, K.; Suzuki, T.; Azuma, H.; Ikeda, H. Molecular mechanisms of macro- phage activation and
deactivation by lipopolysaccharide: Roles of the receptor complex. Pharmacol. Ther. 2003, 100, 171–194. [CrossRef] [PubMed]

25. Jun, D.Y.; Woo, H.J.; Ko, J.Y.; Kim, Y.H. Anti-inflammatory activity of Sorghum bicolor (L.) Moench var. Hwanggeumchal grains in
lipopolysaccharide-stimulated RAW264.7 murine macrophage cell line. J. Life Sci. 2022, 32, 929–937.

26. Zhang, Y.; Li, M.; Gao, H.; Wang, B.; Tongcheng, X.; Gao, B.; Yu, L.L. Triacylglycerol, fatty acid, and phytochemical profiles in a
new red sorghum variety (Ji Liang No. 1) and its antioxidant and anti-inflammatory properties. Food Sci. Nutr. 2019, 7, 949–958.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.pharmthera.2003.08.003
https://www.ncbi.nlm.nih.gov/pubmed/14609719
https://doi.org/10.1002/fsn3.886

	Introduction 
	Materials and Methods 
	Extract Preparation 
	MTT Assay 
	Analysis of Anti-Inflammatory Activity Using LPS-Induced Macrophages 
	Analysis of Inflammation-Causing Genes Using Real-Time PCR 
	Statistical Analysis 

	Results and Discussion 
	Toxicity Evaluation of RAW 264.7 Cells to Measure Anti-Inflammatory Activity 
	Anti-Inflammatory Activity Using Sorghum Extract 
	Inflammatory Gene Expression Analysis 

	Conclusions 
	References

