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ABSTRACT

Type 2 diabetes (T2DM) causes inflammation and organ dysfunction as well as oxidative
stress. Chronic inflammation is strongly linked to diabetes complications. Medications to
treat T2DM are available but have limitations and harmful side effects. Traditional herbal
therapies (THT) offer a promising solution due to their safety, affordability, and wide
acceptance. Objective: The study aimed to examine the anti-inflammatory properties of
Artemisia afra, Cinnamon verum, and Trigonella foenum-graecum, commonly used in
African countries for treating diabetes and its progression. Method: In stock extracts of plant
extracts (Artemisia afra leaves, Cinnamon verum bark, and Trigonella foenum-graecum
seeds) were prepared in ethanol solutions 70%. A macrophage cell line (RAW 264.7) was
exposed to high-glucose levels, followed by exposure to plant extracts. Results: The results
were compared with those of pharmaceutical-grade metformin. The present study revealed
that Artemisia afra, Cinnamon verum, and Trigonella foenum-graecum extracts
significantly inhibited the expression of several mediators of inflammation by the cell,
including TNF-a, IL-6, G-CSF, RANTES and NO. Metformin had no effect on RANTES
or NO levels. Results indicated that different herbs inhibited inflammatory mediators at
different concentrations. Artemisia afra and metformin had the lowest cytotoxicity
compared to Cinnamon verum and Trigonella foenum-graecum. Conclusion: Artemisia afra
was found to exhibit a higher anti-inflammatory effect than the other herbs tested. These
findings suggest that Artemisia afra plant extracts may be used to regulate low-
grade/chronic inflammation related to diabetes and prevent its complications. Therefore, it
is necessary to prevent the early onset of diabetes and the progression of the disease
individually by using pharmacological and anti-inflammatory traditional therapies.
Keywords: Type 2 diabetes mellitus - Artemisia afras- Cinnamon verum - Trigonella
foenum-graecum — Metformin - Macrophage cell - Inflammatory markers.
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Abbreviations

Type 2 diabetes mellitus (T2DM), Traditional herbal therapies THT, Tumour necrosis
factor o (TNFa), Interleukin-6 (IL-6), Granulocyte colony-stimulating factor (G-CSF),
Regulated on activation, normal T cell expressed and secreted (RANTES), Oxidative stress
(OS), Diabetes mellitus (DM), Reagent kit for cytotoxicity (XTT), Enzyme-linked
immunosorbent assay (ELISA), Mouse macrophages cells (RAW 264.7), Dulbecco’s
modified Eagle’s medium (DMEM), low glucose (LG) , high glucose (HG),
lipopolysaccharides (LPS), Analysis of Variance (ANOVA), Half-maximal inhibitory
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concentration (ICsp), Inducible nitric oxide synthase (iNOS), interferon-gamma (IFN-y),
Interleukin-1 beta (IL-1p), insulin resistance (IR).

Introduction

Type 2 diabetes mellitus (T2DM) is a common pathological disorder associated with
metabolic syndrome — carbohydrate, lipid, and protein metabolism changes are often related
to obesity, chronic inflammation, and oxidative stress (OS). !} 21 Chronic inflammation and
lipid accumulation in skeletal muscle cells also contribute to OS activation, impairing
insulin signalling pathways. B 11 The effects of hyperglycaemia on the body’s OS have
been studied, enhancing the pro-inflammatory modulator responses leading to IR and
resulting in diabetic complications. ! Several studies have shown that inflammation plays
an essential role in the development of diabetes and the progression of complications
associated with this disease. ! ["]

Therapies that reduce and control glucose levels are ineffective in preventing the
development of diabetes complications. ! In a prospective diabetes study, ! evaluated
three glucose-lowering drugs (sulfonylurea, metformin, and insulin) but could not establish
which drug was superior regarding diabetes complications. The use of herbal medicines in
the treatment of diabetes is safe, inexpensive, widely available, and acceptable compared
with standard Western medicines. [ M the efficacy of traditional medicines to treat
diabetes is currently being evaluated scientifically and medically. 12 31 Earlier studies
suggest that Artemisia afra (A. afra), Cinnamon verum (C. verum) and Trigonella foenum-
graecum (T. foenum-graecum) can be used for treating diabetes. 14 [15]

Macrophage cells contribute to diabetes complications through immune cells interacting
with inflammatory mediators to cause cardiovascular and neuropathy, nephropathy, and
retinopathy diseases, as suggested in some studies. [l Therefore, activated macrophages are
considered a potential therapeutic target for treating chronic complications associated with
diabetes mellitus (DM). [26]

The aim was to determine the in vitro effectiveness and safety of plant remedies commonly
used in African countries to regulate the pro-inflammatory markers associated with

chronically high glucose levels in mimic-diabetic cells. May offer a new strategy for using
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traditional inhibitor agents to synthesis pro-inflammatory mediators as potential novel
treatments for diabetes and its complications.

Materials and Methods

Preparation of plant extracts

In stock extracts of A. afra leaves (20 g/100 ml), C. verum bark (16.6 g/100 ml) and T.
foenum-graecum seeds (16.6 g/100 ml) were prepared in ethanol solutions 70%. XTT
reagent Kit (Roche Diagnostic GmbH, Germany), nitrite standard and Griess reagent
(Sigma-Aldrich), Mouse ELISA kits (R&D Systems, USA) and eBioscience, USA) and a
microplate reader Multiskan EX, (Thermo Electron Corporation).

Cell cultures

Mouse macrophages cells (RAW 264.7) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM). DMEM was supplemented with 10% heat-inactivated of fetal bovine
serum (FBS) (HyClone) (v/v), 1% L-glutamine (v/v) (Gibco), 1% antibiotic-antimycotic
mix (v/v) (Danvers, MA, USA) and 0.5% gentamycin (v/v). Cells were cultured in 75 cm?
flasks at 37°C in a humidified atmosphere containing 5% carbon dioxide. Upon reaching
70-80% confluence, the cells were suspended in the medium and centrifuged (10 minutes
at 2000 rpm). RAW 264.7 cells were seeded in four treated 96-well microtiter plates (Nunc)
at 6x10° cells per well, and the cells were grown in a humidified atmosphere of 5% CO- at
37°C for approximately 48 hours until they reached 80-90% confluence.

The cells were then pre-exposed to low (5 mM) and high D-glucose (25 mM) concentrations
{low glucose (LG) and high glucose (HG)} (v/v), which were incubated for 24 hours. The
cell plate medium was replaced with a fresh exposure medium containing LG and HG plant
extracts. Varying concentrations of A. afra, C. verum and metformin solution (0-1000
pg/ml) and exposure medium were supplemented with T. foenum-graecum (0-5000 g/ml).
The cells were left unstimulated or stimulated with lipopolysaccharides (LPS) (0.2 pug/ml)
(v/v) to induce inflammation. The plates were incubated for 24 hours under standard tissue
culture conditions. Then, 100 ul of culture supernatant was collected from each culture well
and used for nitric oxide (NO) and cytokine biomarker determination.

Statistical analysis
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Data were analysed using averages and + SDs. The graph data and concentration parameters
for each treatment were compared with the controls (no treatment) for each experiment.
Sigma-Plot 12.0 was used to assess significant differences using a one-way Analysis of
Variance (ANOVA). Significant differences compared to the controls were considered for
samples with a P < 0.01.

Results

Cytotoxicity assay

Effects of high-glucose and LPS on cell viability

Results showed that glucose, with and without LPS, significantly decreases cell viability at
45 mM glucose concentration (P < 0.001) compared to 5 mM. There were no effects of

glucose with and without LPS at the 25-mM glucose concentration as shown in figure (1).
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Figure 1. The effects of glucose with LPS on the viability of RAW 264.7 cells at 45-

mM glucose concentration

Effects of herb extracts on pro-inflammatory biomarkers secretion and cell

viability

In this study, we compared the effects of three THT with standard Western medicine on
RAW 264.7 cell cytokine secretion profiles exposed to HG and evaluated the inflammatory
response to THT and possible cytotoxicity. The results showed that HG treatment of cells
stimulated with LPS markedly induced the expression of the protein markers in cell culture
supernatants.

Culture media containing 5 mM glucose concentration is used as normal glucose and 25
mM glucose concentration as high glucose.

Effects of A. afra and C. verum extracts on cell viability and nitric oxide secretion
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The XTT assay was used to assess the toxicity of the A. afra extract on RAW 264.7 cells.
Cells were exposed to HG for 24 hours, then treated with increasing concentrations of A.
afra and C. verum extracts (up to 1000 pg/ml) for 24 hours.

A reduction in cell viability was also observed at A. afra concentrations > 125 pg/ml
compared to the control at 0 pug/ml (Figure 2 (i)). The viability of RAW 264.7 cells declined
significantly at an A. afra concentration of > 250 ug/ml (P < 0.001). Thus, the cell viability
in LG vs HG, with and without LPS-stimulation, is clearly dependent on the concentration
of A. afra (Figure 2 (i)). The Griess assay was used to determine nitric acid (NO) in the
supernatant of RAW 264.7 cell culture supernatants after treatment with various A. afra
concentrations under LG and HG conditions in the presence of LPS. Results showed that
NO secretion was significantly inhibited (P < 0.001) by increasing the concentration of A.
afra (Figure 2 (ii)). C. verum decreased cell viability at concentrations > 250 ug/ml,
compared to the control at 0 pg/ml. The effects of C. verum were only observed at
concentrations > 500 pg/ml, and cell viability was significantly reduced (P <0.001) (Figure
3 (i)). C. verum concentrations showed a low inhibition of NO in HG and LG media-
containing LPS. The C. verum effects reduced the NO secretion-dependent concentration

and at higher concentrations because of a decrease in cell proliferation (Figure 3 (ii)).
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Figure 2. Cell viability of RAW 264.7 cells treated with various concentrations of A. afra
under LG and HG with and without LPS-stimulation. Bars marked with ** indicate a
statistically significant difference (P < 0.001) compared to 0 pg/ml A. afra extract (i).
Effects of A. afra extract on NO production in LG and HG with and without LPS-stimulated
RAW 264.7 cells.

182
Volume 3 - Issue two- 2024


file:///C:/Users/DELL/Downloads/www.sebhau.edu.ly/journal/index.php/jopas

FEZZAN UNIVERSITY SCIENTIFIC JOURNAL VOL.3 N0.22024

N it Fezzan University scientific Journal
N
ersy oot

Journal homepage: wwwhttps://fezzanu.edu.ly/

o Nitric oxide
Cell viabitity .
@ production
1 e
0.6 5 (ii)
*
£ 05 ®LG/-LPS g6 il
2 04 #HG/-LPS S5 b ®uLG/-LPS
E 03 LGHLPS a4 , ® HG/-LPS
© 02 # HG/HLPS 8 3 | LGHLPS
01 2 | ®HG/HLPS
. | |
0 il ull o W0H A w
Q R
\5 N7 q, \"v n‘v QQ @ \\5 m\ @ A ’1&\@

C. verum pg/ml C. verum pg/ml

Figure 3. Cell viability of RAW 264.7 cells treated with C. verum. Statistically significant
difference, ** (P < 0.001) is shown at the higher concentrations compared to 0 pg/ml C.
verum (i). Effects of C. verum extract on NO production in LG vs HG with and without
LPS-stimulated RAW 264.7 cells compared to 0 pg/ml of C. verum concentration (i).
Effects of A. afra on TNF-a, IL-6, G-CSF, and RANTES expression levels

A. afra extracts significantly decreased tumour necrosis factor a (TNFa) levels at 62.5
pg/ml (statistical significance, * P <0.01) and at > 125 pg/ml (** P <0.001) in LG and HG
media under LPS-stimulated conditions (Figure 4 (i)). A. afra at 13.3 pg/ml significantly
decreased interleukin-6 (IL-6) secretion by RAW 264.7 cells when incubated in LG with
LPS (P <0.01) and HG with LPS (P <0.001). A. afra at > 62.5 pg/ml significantly decreased
IL-6 secretion (P <0.001) in LG and HG media supplemented with LPS-stimulation (Figure
4 (i)). A. afra significantly decreased (P < 0.001) the synthesis of granulocyte colony
stimulating factor (G-CSF) at a concentration of 13.3 pg/ml in LG medium containing LPS
and by P < 0.01 in HG medium containing LPS-stimulation. At > 62.5 pug/ml, A. afra
significantly decreased G-CSF (P <0.001) in LG and HG media containing LPS-stimulation
(Figure 5 (i)). Exposure of LPS-stimulated RAW 264.7 cells to A. afra significantly
decreased (P < 0.001) regulated on activation, normal T cell expressed and secreted
(RANTES) secretion levels at > 31.25 pg/ml. RANTES secretion was inversely

proportional to the A. afra concentration (Figure 5 (ii)).
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Figure 4. The effects of the A. afra extract on TNF-a and IL-6 secretion by RAW 264.7
cells incubated with LG and HG media containing LPS-stimulation (i and ii). Statistically

significant difference levels are indicated as * (P < 0.01) and ** (P < 0.001).
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Figure 5. The effect of the A. afra extract on G-CSF secretion in LG and HG media
containing LPS-stimulation (i). The effect of the A, afra extract on RANTES secretion in
LG and HG media containing LPS compared to the control 0 pg/ml (ii).

Half-maximal inhibitor concentration (ICso)
In Table 1, we present half-maximal 1Cso of A. afra extract for the various biomarker

markers.
Table 1. ICso of the A. afra extract for the secretion of various inflammatory and pro-

inflammatory biomarkers by RAW 264.7 cells.
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Markers TNFa | IL6 G-CSF | RANTES NO .Ce.ll.
viability

LG/-LPS 305

A. afra HG/-LPS 751

ICqpg/ml | LGHLPS 242 76 187 83 88 591

HG/HLPS 207 50 207 59 75 539

Effects of C. verum on TNF-a, IL-6, G-CSF and RANTES expression levels

C. verum extract exposure of RAW 264.7 cells at 62.5 pg/ml in HG medium containing
LPS significantly decreased TNF-a secretion levels (P < 0.01) and by P < 0.001 at > 125
pg/ml extract in LG and HG media containing LPS-stimulation (Figure 6 (i)). C. verum
extract exposure of RAW 264.7 cells in LG and HG media containing LPS significantly
decreased IL-6 secretion (P < 0.001) (Figure 6 (ii)). C. verum exposure had no effects on
G-CSF secretion by RAW 264.7 cells cultured in LG and HG media containing LPS, while
it inhibited G-CSF secretion because the cell proliferation decreases at concentrations of
500 and 1000 pg/ml (Figure 7 (i)). Exposure to C. verum significantly decreased RANTES
secretion levels by RAW 264.7 cells at concentrations > 62.5 pg/ml by P <0.001 in LG and
HG media containing LPS-stimulation (Figure 7 (ii)).
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Figure 6. The effect of the C. verum extract on TNF-o and IL-6 secretion levels in LG vs

HG media containing LPS-stimulation (i and ii).
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Figure 7. The effect of the C. verum extract on G-CSF secretion in LG and HG media
containing LPS-stimulation (i). The effects of the C. verum extract on RANTES secretion
by RAW 264.7 cells cultured in LG and HG media containing LPS-stimulation (ii).
Half-maximal inhibitory concentration (1Cso)

The 1Cso values of the C. verum extract for the various biomarkers analysed, were
calculated, as presented on Table 2.

Table 2. 1Cso of the C. verum extract for the secretion of various inflammatory biomarkers
by RAW 264.7 cells.

Markers TNF a IL6 RANTES
LG/-LPS
AT HGI-LPS
ICsu pg/ml
LGHLPS 183 60 274
HGHLPS 172 54 287

Effects of T. foenum-graecum and metformin extracts on RAW 264.7 cells

Mouse macrophage cells were exposed to HG for 24 hours, then treated with increasing
concentrations of T. foenum-graecum extracts (up to 5000 pg/ml) and metformin extracts
(up to 1000 pg/ml) for 24 hours.

T. foenum-graecum had no effect at levels < 2500 pg/ml but reduced cell viability at
concentrations higher than 2500 pg/ml compared to the control 0 pg/ml T. foenum-graecum
control. Cell viability decreased significantly (P < 0.001) at the higher concentration of 5000
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ug/ml T. foenum-graecum (Figure 8 (i)). The NO production assay was performed on the
cell culture medium supernatant of RAW 264.7 cells exposed to T. foenum-graecum in LG
and HG media containing LPS. The T. foenum-graecum significantly inhibited (P < 0.001)
the production of NO at the higher concentration (2500 pg/ml) and inhibited NO secretion
because the cell proliferation decreases at a concentration of 5000 pg/ml, compared to 0
pug/ml in LG and HG media containing LPS-stimulation (Figure 8 (ii)). Metformin
significantly decreased cell proliferation at concentrations > 250 ug/ml (P < 0.001) (Figure
9 (i)). Nitric oxide was measured in RAW 264.7 cell culture medium after exposure to
metformin. Metformin at < 125 pg/ml had no effect on NO secretion by RAW 264.7 cells
incubated with LG and HG media containing LPS. Higher metformin concentrations
inhibited NO secretion because of cell proliferation that decreased at concentrations > 250
ug/ml (Figure 9 (ii)). Data also show that metformin had no affect NO secretion by cells
incubated in LG and HG media without LPS.
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Figure 8. The effect of the T. foenum-graecum extract on RAW 264.7 cells viability.
Statistical significance is indicated by ** (P < 0.001) at the higher concentration compared
with 0 pg/ml T. foenum-graecum extract (i). The effects of T. foenum-graecum extract on
NO production by RAW 264.7 cells cultured in LG and HG media with and without LPS-
stimulation (ii). Data represent the mean + SEM. Differential significance was denoted by
P <0.01 and (P <0.001) (indicated by **) at the higher concentration in LG and HG media

containing LPS compared to 0 pg/ml T. foenum-graecum.
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Figure 9. Cell viability of RAW 264.7 cells treated with metformin solution. The effect of
metformin on cell proliferation was significant (P <0.001) compared to 0 pg/ml metformin
solution (i). No effects of metformin solution on RAW 264.7 cell in LG and HG with and
without LPS-induced NO production (ii).

Effects of T. foenum-graecum on TNF-a, IL-6, G-CSF and RANTES expression
levels

The T. foenum-graecum extract significantly decreased secretion of TNF-a (P < 0.001) by
RAW 264.7 cells cultured in LG and HG media containing LPS at concentrations > 625
pag/ml (Figure 10 (i)). T. foenum-graecum significantly decreased IL-6 secretion (P < 0.001)
by RAW 264.7 cells cultured in LG and HG media containing LPS at concentrations >
156.3 pg/ml (Figure 10 (ii)). Exposure to T. foenum-graecum extracts significantly
decreased the synthesis of G-CSF (P < 0.001) by RAW 264.7 cells cultured in LG and HG
media-containing LPS at concentrations > 625 pg/ml compared to the 0 pg/ml T. foenum-
graecum control (Figure 11 (i)). The T. foenum-graecum extract down-regulated RANTES
significantly at a concentration of 1250 pg/ml (P < 0.01) and less so (at a concentration >

2500 pg/ml P <0.001) in LG medium containing LPS-stimulation (Figure 11 (ii)).
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Figure 10. The effects of T. foenum-graecum extract on TNF-a and IL-6 secretion levels by
RAW 264.7 cells cultured in LG and HG media containing LPS (ii and ii). ** P < 0.001.
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Figure 21. The effects of T. foenum-graecum extract on G-CSF secretion levels by RAW
264.7 cells cultured in LG and HG media containing LPS (i). ** P < 0.001. The effects of
T. foenum-graecum extract on RANTES synthesis by RAW 264.7 cells cultured in LG and

HG media containing LPS-stimulation (ii).

Half-maximal inhibitory concentration (ICsp)

In Table 3, the ICso values of the T. foenum-graecum extract for the various biomarkers
analysed are presented.

Table 3. 1Cso of T. foenum-graecum extract for the secretion of various inflammatory

biomarkers by RAW 264.7 cells.

189
Volume 3 - Issue two- 2024


file:///C:/Users/DELL/Downloads/www.sebhau.edu.ly/journal/index.php/jopas

FEZZAN UNIVERSITY SCIENTIFIC JOURNAL VOL.3 N0.22024

Auolall 0138 daalrilns
Fezzan University scientific Journal

Journal homepage: wwwhttps://fezzanu.edu.ly/

Markers TNFo | 16 | G-CSF | RANTES | NO Cell
viability

LG-LPS 2680

T.foenum- | HG/-LPS 1nN
sHACC 1y GHLPS | 1107 | 747 697 1337 384 | 78
ICongml Fherres | 105 | 514 | 658 0 | 3118 | 2800

Effects of metformin on TNF-a, IL-6, G-CSF and RANTES expression levels

Exposure of RAW 264.7 cells to metformin in an LG medium containing LPS inhibited
TNF-a secretion significantly at > 31.3 pg/ml (P < 0.001). RAW 264.7 cells cultured in an
HG medium containing LPS showed a significant decrease in TNF-a secretion (P < 0.001)
at a metformin concentration of > 125 pg/ml (Figure 12 (i)). There was no significant
decrease in IL-6 secretion levels at > 125 pg/ml metformin (Figure 12 (ii)). Increasing the
concentration of metformin decreased the expression level of G-CSF (P <0.001) in LG
medium containing LPS-stimulated cells, whereas at the concentration (125 pg/ml) and
over significantly decreased G-CSF expression (P < 0.001) in HG medium containing LPS-
stimulated cells (Figure 13 (i)). Metformin caused no significant decrease in RANTES
secretion levels in LG and HG media treated with LPS-stimulated cells, as shown in (Figure
13 (ii)). Reductions appeared at > 500 pg/ml metformin because of the cell proliferation

that decreased in LPS-containing media.

TNF-a
160000 il (ii)
140000 | 20000
£ 120000 Jf | [ = 16000 : .
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£ 80000 ' . < 10000 -
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Figure 12. Metformin inhibited the TNF-a expression level, which significantly decreased
(P <0.001) in LG with LPS-stimulated cells (i). There was no significant decrease in IL-6

secretion levels in LG- and HG-treated LPS-stimulated cells (ii).
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Figure 13. Metformin significantly decreased G-CSF secretion levels by P < 0.001 (**) in
LG and HG with LPS-stimulated cells (i). Metformin had no effect on RANTES secretion
levels at increasing concentrations in LG- and HG-treated cells (ii).

Half-maximal inhibitory concentration (1Cso)

The ICsp values of metformin extract for the various biomarkers analysed are calculated
and presented in Table 4.

Table 4. 1Cso of the metformin extract for the secretion of various inflammatory factors by

RAW 264.7 cells.

Markers TNFa | IL6 G-CSF | RANTES | NO Cell

viability
LG/-LPS 77
Metformin | HG-LPS 206
ICqugml  |[LGHLPS 262 192 198 576* 431* 333
HGHLPS | 243 175 208 44* 475* 34

Discussion
Pharmaceutical agents such as metformin, which lower glucose levels and enhance glucose

uptake, are insufficient for maintaining or preventing the development of DM, [ [17]
Therefore, it is necessary to handle early diabetes individually and to prevent its progression
by using both pharmacological and traditional therapies.

It has been suggested that the use of proteome profiles is a convenient approach for
evaluating mechanisms involved in the anti-inflammatory role in diabetes complications.

[18]. 119 [ the present study, biomarker proteins were used — findings indicated that plants
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used as traditional medicines inhibit pro-inflammatory cytokines such as TNF-a, IL-6, G-
CSF and RANTES associated with HG.

In this study, the ICso effects of THT and standard Western medicine on RAW 264.7 cell
viability were evaluated. A, afra, C. verum, T. foenum-graecum extracts and metformin
reduced cell proliferation at different concentrations. The results indicated increased cell
proliferation in LG and HG media containing LPS compared to cell proliferation in cells
cultured in LG and HG media without LPS. The effects of C. verum and T. foenum-graecum
on cell viability were observed at higher concentrations. The findings in the current study
showed that A. afra and metformin were significantly more cytotoxic than C. verum and T.
foenum-graecum.

The different herbs were found to have different 1Cso values on the inflammatory marker
expression. These results showed that the effects of A. afra extracts significantly inhibited
TNF-a, IL-6, G-CSF and RANTES and NO. C. verum extract significantly inhibited TNF-
a, IL-6 and RANTES, and T. foenum-graecum extract significantly inhibited TNF-a, IL-6,
G-CSF, RANTES and NO at higher concentrations and metformin solution significantly
inhibited TNF-a and G-CSF.

Results also indicated that A. afra had the highest anti-inflammatory activity compared to
the other herbs in the study. The effects of A. afra may be a novel therapeutic target for the
treatment of progression diabetes complications with minimal side effects.

The pro-inflammatory mediators related to the pathogenesis of T2DM have been identified
in several studies. TNF-a and IL-6 play an essential role in activating other inflammatory
cytokines, such as interferon-gamma (IFN-y) and interleukin-1 beta (IL-1p), at the onset of
diabetes-related obesity. 2% 21 TNF-q is the first pro-inflammatory cytokine associated
with the pathogenesis of obesity-related impaired insulin signalling. 22 Increased TNF-a
levels are also associated with renal complications in patients with T2DM. 23] [24]

Chronic wounds are one of the severe side effects of inflammatory and metabolic disorders
like T2DM. [*®1 Several autoimmune diseases are associated with the dysregulation of the
IL-6 signalling pathway, including T2DM. [251 Therefore, the regulation of IL-6 levels may

be used in the treatment and maintenance of chronic wounds derived from diabetes. [26]
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The present study showed that A. afra, C. verum and T. foenum-graecum decreased TNF-a
and IL-6 levels in a concentration-dependent manner in an HG medium containing LPS.
Conversely, metformin showed a minimal effect on the TNF-a level and no effect on the
IL-6 concentration. In a recent study, the benefits of metformin combined with atorvastatin
were reported to inhibit inflammatory markers, such as TNF-o and IL-6, in diabetic rats. 7]
Furthermore, polysaccharides extracted from T. foenum-graecum seeds have an effective
wound healing potential through their antioxidant activities, a finding that may improve
insulin secretion/sensitivity and wound healing. [28!

Chronic inflammation in T2DM upregulates macrophage production of inducible nitric
oxide synthase (iNOS), causing tissue damage and impaired wound healing. ?*1 The iNOS
has an essential role in the inflammatory response, as activated iNOS produces NO that
mediates the cytotoxic effect involved in the pathogenesis of cell damage and insulin
resistance (IR). B% In earlier studies, it was demonstrated that the inhibition of NO
production is essential in preventing the inflammatory response and improving endothelial
dysfunction and chronic inflammation. 1 (321

The results also showed that A. afra decreased the NO concentration, while C. verum and
T. foenum-graecum had effects at higher concentrations on NO in LG and HG with and
without LPS stimulation of cells. Metformin had no effect on NO production in LG and HG
with or without LPS. This finding shows that the above plants may be used as therapies for
preventing or managing impaired wound healing in patients with diabetes.

The hematopoietic cytokine G-CSF enhances the proliferation and differentiation of
neutrophil progenitor cells. 23 Therefore, G-CSF is crucial for neutrophil survival and the
induction of inflammation to attack pathogen invasion. 34 The G-CSF levels are increased
in T2DM patients with free fatty acid induced inflammation, IR and atherosclerosis. (%
Therefore, regulating G-CSF levels may be an effective strategy for preventing diabetic
cardiomyopathy and the progression of diastolic dysfunction. 61 Our findings in the present
study showed that A. afra and T. foenum-graecum effectively inhibit G-CSF expression
through LPS-stimulated macrophages cultured in an HG medium. Metformin inhibits

193
Volume 3 - Issue two- 2024


file:///C:/Users/DELL/Downloads/www.sebhau.edu.ly/journal/index.php/jopas

FEZZAN UNIVERSITY SCIENTIFIC JOURNAL VOL.3 N0.22024

@ \Y Aelatl o138 daelsdlze
o Fezzan University scientific Journal

_—

FUS)
N

Journal homepage: wwwhttps://fezzanu.edu.ly/

macrophage expression of G-CSF at higher concentrations (LG with LPS), while C. verum
did not affect G-CSF synthesis.

RANTES is a chemokine expressed by many cell types, such as endothelial cells,
macrophages, smooth muscle cells and platelets, in chronic inflammation. It activates T-
cell adhesion and transmigration through the endothelial wall. B RANTES has been
associated with pro- and anti-inflammatory effects and potentially regulates angiogenesis
mediators. It may contribute to chronic inflammation and the process of inflammatory
angiogenesis. %8 71 During angiogenesis, a new blood vessel is formed from an existing
one which plays a critical role in inflammation and wound healing. ¥ Therefore, inhibiting
this inflammatory mediator may be used to target and stimulate endothelial cells for wound
healing in DM. B In this study, A. afra, C. verum and T. foenum-graecum extracts
effectively inhibited RANTES expression, while metformin did not affect RANTES levels
in HG with LPS-stimulated cells.

In an earlier study that evaluated the effects of metformin on trophoblast cells (Sw.71),
metformin was shown not to affect the HG modulation of G-CSF and RANTES secretion.
[“11 However, the efficacy of these plants in inhibiting G-CSF and RANTES may be
potential angiogenic drugs. These plants may be potential therapeutic drugs to treat
microvascular complications associated with DM by inhibiting angiogenic modulating
effects.

Conclusion

There is a strong evidence that chronic inflammation is involved in the pathogenesis of the
onset and progression of diabetes complications. This study focused on the benefits of plant-
based therapies for inflammation and DM. The findings of this study indicated the effects
of A. afra, C. verum and T. foenum-graecum on pro-inflammatory cytokines related to the
progression of T2DM compared to metformin. The results suggest that the plants could be
used as anti-inflammatory agents to prevent or delay the onset of DM and its complications.
A. afra may be a novel therapeutic target for treating progressive diabetes complications
with minimal side effects. The prevention and management of chronic inflammatory

conditions linked to diabetes may indeed benefit from plant-based therapies. This study may
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offer a new strategy for using traditional inhibitor agents to synthesize pro-inflammatory
mediators as potential novel treatments for diabetes and its complications. Further studies
are required to look for the bioactive molecules of A. afra, C. verum, and T. foenum-
graecum as diabetes-related pro-inflammatory response inhibitors.
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