Karbala International

Journal of Modern Science

Volume 12 | Issue 2 Article 3

Anti-Inflammatory and Insulin-Modulating Effects of Tithonia-Curcuma-
Moringa (TCM) Formulation in Type 2 Diabetes: An Experimental Study in
Mice

Rif'atul Hawani Burhan
Department of Biology, Faculty of Mathematics and Natural Sciences, Brawijaya University, 65145 Malang, Indonesia;

Nabila Shafa Yumna Salsabila
Department of Biology, Faculty of Mathematics and Natural Sciences, Brawijaya University, 65145 Malang, Indonesia

Devita Zulfa Pratama
Department of Biology, Faculty of Mathematics and Natural Sciences, Brawijaya University, 65145 Malang, Indonesia;

La Tazkia Aulia Wibowo
Department of Biology, Faculty of Mathematics and Natural Sciences, Brawijaya University, 65145 Malang, Indonesia;

Yulian Ervin Maulana
Department of Biology, Faculty of Mathematics and Natural Sciences, Brawijaya University, 65145 Malang, Indonesia

See next page for additional authors

Follow this and additional works at: https://kijoms.uokerbala.edu.ig/home

b Part of the Biology Commons, Chemistry Commons, Computer Sciences Commons, and the Physics Commons

Recommended Citation

Burhan, Rif'atul Hawani; Salsabila, Nabila Shafa Yumna; Pratama, Devita Zulfa; Wibowo, La Tazkia Aulia; Maulana,
Yulian Ervin; Dliyauddin, Moh; Lestari, Noviana Dwi; Marhendra, Agung Pramana Warih; Soewondo, Aris; Tsuboi, Hideo;
and Rifa’i, Muhaimin (2026) "Anti-Inflammatory and Insulin-Modulating Effects of Tithonia-Curcuma-Moringa (TCM)
Formulation in Type 2 Diabetes: An Experimental Study in Mice," Karbala International Journal of Modern Science:
Vol. 12 :Iss. 2, Article 3.

Available at: https://doi.org/10.33640/2405-609X.3455

This Research Paper is brought to you for free and open access

by Karbala International Journal of Modern Science. It has been University of
accepted for inclusion in Karbala International Journal of ‘1@-?

Modern Science by an authorized editor of Karbala International s K b l
Journal of Modern Science. For more information, please ——— éroaia
contact abdulateef1962@gmail.com. Tt


https://kijoms.uokerbala.edu.iq/home/
https://kijoms.uokerbala.edu.iq/home/
https://kijoms.uokerbala.edu.iq/home/vol12
https://kijoms.uokerbala.edu.iq/home/vol12/iss2
https://kijoms.uokerbala.edu.iq/home/vol12/iss2/3
https://kijoms.uokerbala.edu.iq/home?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol12%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/41?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol12%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/131?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol12%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/142?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol12%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/193?utm_source=kijoms.uokerbala.edu.iq%2Fhome%2Fvol12%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.33640/2405-609X.3455
mailto:abdulateef1962@gmail.com
https://uokerbala.edu.iq/en/
https://uokerbala.edu.iq/en/

Anti-Inflammatory and Insulin-Modulating Effects of Tithonia-Curcuma-Moringa
(TCM) Formulation in Type 2 Diabetes: An Experimental Study in Mice

Abstract

Type 2 diabetes is a chronic metabolic disorder characterized by hyperglycemia and chronic
inflammation. This study investigated the anti-inflammatory and insulin-modulating effects of
Tithonia-Curcuma-Moringa (TCM) formulation in type 2 diabetes model. Male BALB/c mice were divided
into six groups: normal control, type 2 diabetes control, metformin treatment, and three TCM formulation
treatment groups with three different dose combinations. Type 2 diabetes was induced using a high-fat
diet combined with streptozotocin injection, supported by sucrose administration. After 21 days of
treatment, the spleen and pancreas were isolated for flow cytometry analysis. The results showed that
the expression levels of NF-kB, TNF-a, and IFN-y in CD4 T helper cells were significantly higher in diabetic
mice compared to normal mice. Combination 1 (T. diversifolia 500 mg/kg BW+C. longa 200 mg/kg
BW+M. oleifera 300 mg/kg BW) exhibited the most potent anti-inflammatory effect, significantly reducing
the expression of NF-kB, TNF-a, and IFN-y to levels comparable to those observed with metformin

treatment. The proportion of T cells CD4*CD25" was significantly increased in diabetic mice, indicating T
cell activation, and then significantly decreased after administration of metformin and combination 3;
insignificantly combinations 1 and 2. Insulin expression was significantly decreased in diabetic mice and
then insignificantly increased by metformin and two combinations (1 and 2). In conclusion, the
combination 1T TCM formulation demonstrated strong anti-inflammatory and suggested a potential
insulin-modulating effect comparable to metformin in the type 2 diabetic mouse model, showing its role
as an alternative treatment for managing chronic inflammation associated with type 2 diabetes.
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Abstract

Type 2 diabetes is a chronic metabolic disorder characterized by hyperglycemia and chronic inflammation. This study
investigated the anti-inflammatory and insulin-modulating effects of Tithonia-Curcuma-Moringa (TCM) formulation in
type 2 diabetes model. Male BALB/c mice were divided into six groups: normal control, type 2 diabetes control, met-
formin treatment, and three TCM formulation treatment groups with three different dose combinations. Type 2 dia-
betes was induced using a high-fat diet combined with streptozotocin injection, supported by sucrose administration.
After 21 days of treatment, the spleen and pancreas were isolated for flow cytometry analysis. The results showed that
the expression levels of NF-kB, TNF-a, and IFN-y in CD4 T helper cells were significantly higher in diabetic mice
compared to normal mice. Combination 1 (T. diversifolia 500 mg/kg BW + C. longa 200 mg/kg BW + M. oleifera 300 mg/
kg BW) exhibited the most potent anti-inflammatory effect, significantly reducing the expression of NF-kB, TNF-o, and
IFN-y to levels comparable to those observed with metformin treatment. The proportion of T cells CD4TCD25" was
significantly increased in diabetic mice, indicating T cell activation, and then significantly decreased after adminis-
tration of metformin and combination 3; insignificantly combinations 1 and 2. Insulin expression was significantly
decreased in diabetic mice and then insignificantly increased by metformin and two combinations (1 and 2). In
conclusion, the combination 1 TCM formulation demonstrated strong anti-inflammatory and suggested a potential
insulin-modulating effect comparable to metformin in the type 2 diabetic mouse model, showing its role as an alter-
native treatment for managing chronic inflammation associated with type 2 diabetes.

Keywords: T. diversifolia, C. longa, M. oleifera, Anti-inflammatory, Insulin, Type 2 diabetes

1. Introduction More than 90 % of individuals with diabetes are
affected by type 2 diabetes, which occurs across all

D iabetes is a serious health problem and the  38€ groups, from youth to old age. Those diagnosed
eighth leading cause of death worldwide [1]. at a younger age o.ften experience gre.ater chal-
This persistent metabolic condition is characterized ~ lenges in maintaining f)ptlmal glycepnc contr(?l
by hyperglycemia [2] and, over time, leads to organ an(fl face an mcre:?\sed rlSlf of developlr}g comph-
damage and various vascular complications [3].  cations. TYPG.2 diabetes is often assogated W{th
Diabetes is categorized into several types, such  unhealthy eating patterns and low physical activity

as type 1, type 2, and gestational diabetes [4]. levels [23].
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The consumption of foods high in fat and sugar,
without balanced physical activity, affects immu-
nological mechanisms, which in turn impact the
body's metabolic processes. The higher the fat level,
the greater the production of free fatty acids [5]. In
contrast, high blood sugar levels encourage the
formation of advanced glycation end products
(AGEs) [6]. Free fatty acids and AGEs can worsen
chronic inflammation through the NF-kB signal
transduction pathway [6,7]. NF-«kB activation trig-
gers the expression of various pro-inflammatory
cytokines, such as TNF-o, IL-1B, IL-6, IL-17, and
IFN-v [8,9].

Chronic inflammation is associated with the
pathogenesis of type 2 diabetes, which is associated
with metabolic dysregulation. TNF-a, a primary
pro-inflammatory cytokine, serves as an early
biomarker for detecting type 2 diabetes. Patients
with type 2 diabetes experience increased TNF-a
levels, which can disrupt insulin signaling path-
ways in pancreatic B cells [10]. Simultaneously,
IFN-y levels increase during the early stages of
inflammation, inhibiting insulin expression by
damaging pancreatic B cells. These pro-inflamma-
tory cytokines trigger uncontrolled increases in
blood glucose levels, further worsening type 2 dia-
betes [11]. In the context of the immune system,
regulatory T (Treg) cells, a subpopulation of CD4 T
helper cells, play a role in suppressing overactive
and uncontrolled immune responses to inhibit the
expansion of adaptive and innate immunity [12].
CD47CD25" regulatory T cells suppress chronic
inflammation [13]. However, in patients with type 2
diabetes, Treg cells are reduced, disrupting the
mechanisms that regulate inflammation and further
damaging immunometabolic homeostasis [14].

To date, conventional therapies used in clinical
treatment have primarily focused on achieving
glycemic control and improving metabolic function.
The oral pharmacotherapies such as metformin,
finerenone, and sulfonylureas have anti-inflamma-
tory effects but do not directly target inflammation
through the NF-«B signal transduction pathway in
CD4 T helper cells [15—17]. The NF-«B signaling
pathway in CD4 T helper cells mediates pro-
inflammatory activity that links immune and
metabolic dysregulation [10]. Herbal medicines
have emerged as alternative treatment options for
type 2 diabetes. Herbal medicines have pleiotropic
effects that can target multiple biological pathways
simultaneously to provide antioxidant, anti-in-
flammatory, immunomodulatory, and metabolic
effects [18,19], while synthetic drugs tend to be
more specific.

Several plants believed to have the potential to
improve chronic inflammation include Tithonia
diversifolia (Hemsl.) A.Gray, Curcuma longa L., and
Moringa oleifera Lam. These three plants are rich in
bioactive compounds from the phenolic group,
such as phenolic acids and flavonoids, which are
found abundantly in the leaves of T. diversifolia and
M. oleifera [20,21] and curcuminoids found in the
rhizome of C. longa [22]. Studies on the simulta-
neous intervention of this three-herb combination
in inhibiting the NF-kB signal transduction
pathway in CD4 T helper cells have not yet been
systematically explored. Therefore, three plant
parts were combined as TCM formulation to assess
their potential efficacy as alternative medicines for
managing chronic inflammation in patients with
type 2 diabetes.

2. Methods

2.1. Ethical clearance

This study was approved by the Research Ethics
Committee (Animal Care and Use Committee) of
Brawijaya University (approval number 141-KEP-
UB-2024), based on the ARRIVE guidelines for an-
imal use in study [23] and Directive 2010/63/EU of
the European Parliament and the Council for ani-
mal use in study.

2.2. Extraction of TCM formulation

The TCM formulation was obtained from a com-
bination of T. diversivolia leaves, C. longa rhizomes,
and M. oleifera leaves. Each plant part was processed
into powder at Materia Medica Batu, East Java,
Indonesia. The extraction procedure was performed
as described in a previous study [24], with modifi-
cations. A total of 100 g of each powder was brewed
into 1000 mL of distilled water (1:10), boiled at 95 °C,
and dissolved until a color change occurred for
10 min. Subsequently, the solution was filtered in
two stages using cloth and filter paper with the
assistance of a Buchner funnel filtration. Each liquid
extract was then frozen at —20 °C for 24 h before
being freeze-dried to obtain a dry extract.

2.3. Experimental design

Male BALB/c mice (Mus musculus) were obtained
from Kemuning, Central Java, Indonesia. BALB/c
mice were used due to their relatively moderate
inflammatory response in the pathogenesis [25],
making them suitable for modeling type 2 diabetes,
which is characterized by low-grade chronic
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inflammation [26]. The mice were in normal,
healthy, and active condition at 7—8 weeks of age.
The design used in this study was a completely
randomized one. A total of 24 mice were used in
this study and were divided into six groups (each
group = 4 mice) consisting of two control groups:
normal (K-) and type 2 diabetes (K+), as well as
four treatment groups confirmed with type 2 dia-
betes: metformin (MO), TCM formulation combi-
nations 1 (C1), 2 (C2), and 3 (C3). Each mouse was
individually placed in a cage measuring 31 x
22 x 9.5 cm®, lined with the wood shavings, and
covered with a wire lid at a temperature of 26 °C
and relative humidity of 40—70 %. The cages were
cleaned every three days by replacing the wood
shavings.

2.4. Type 2 diabetes animal model

Type 2 diabetes modeling in mice started with the
administration of a high-fat diet and water daily
from the acclimatization period. The acclimatization
period for the mice was two weeks. At 9—10 weeks
of age, the mice received intraperitoneal (i.p.) in-
jections of streptozotocin solution for four consec-
utive days at a multiple dose of 4 x 50 mg/kg body
weight [27,28]. The streptozotocin powder obtained
from BioWORLD (Dublin, Ohio, USA) was dis-
solved in 0.1 M citrate buffer, which is a mixture of
sodium citrate dihydrate (294.10 g/mol) and citric
acid (192.12 g/mol) at pH 4.5 [29]. The streptozotocin
solution was injected within 15—20 min after

preparation because it degrades rapidly [30]. The
blood glucose levels of the mice were checked
before the injection and on the fifth day after the
injection of streptozotocin [31]. Mice were then
administered a 10 % sucrose solution to maintain
their blood glucose levels [32]. After a week, the
mice's blood glucose levels were checked again, and
those confirmed to have diabetes were shown by
blood glucose levels of >200 mg/dL [33]. At this
stage, all mice that reached blood glucose levels
>200 mg/dL met the eligibility criteria, and no mice
were excluded for the randomization (Fig. 1). Before
drugs administration, the average body weight of
mice in each group was 305 + 1 g (K—), 288 +
21 g (K+), 32.8 = 0.5 g (MO), 26 + 3.6 g (C1), 26.3 +
2.2 g (C2), and 32.8 + 1.5 g (C3).

2.5. Treatment of metformin and TCM formulation

The treatment was carried out for 21 days, during
which mice that had been confirmed to have type 2
diabetes were treated with metformin and the TCM
formulations. Mice in the MO group were admin-
istered metformin at a dose of 150 mg/kg BW [33].
Mice in groups C1, C2, and C3 were administered
the TCM formulations of three different dose
combinations. The dose was determined according
to OECD guidelines regarding the total daily oral
dose limit of an herbal formulation for rodents,
which is 1000 mg/kg BW [34], thus the dose of each
herbal component in a combination was deter-
mined based on a 2:3:5 ratio. The combination 1

Enrollment Assessed for eligibility
(n=20)
Excluded (n = 0)
* Blood glucose levels of <200
mg/dL (n = 0)
Randomized (n = 20)
Allocation
K+ MO C1 C2 C3
(n=4) (n=4) (n=4) (n=4) (n=4)
Follow-Up
Completed Completed Completed Completed Completed
(n=4) (n=4) (n=4) (n=4) (n=4)
Analysis
Analyzed Analyzed Analyzed Analyzed Analyzed
n=4) (n=4) (n=4) (n=4) (n=4)

Fig. 1. CONSORT flow diagram. K+, type 2 diabetes control; MO, metformin treatment; C1, combination 1 TCM formulation; C2, combination 2

TCM formulation; C3, combination 3 TCM formulation.
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TCM formulation (T. diversifolia 500 mg/kg BW + C.
longa 200 mg/kg BW + M. oleifera 300 mg/kg BW)
was administered to the mice in group C1. The
combination 2 TCM formulation (T. diversifolia
200 mg/kg BW + C. longa 300 mg/kg BW + M.
oleifera 500 mg/kg BW) was administered to the
mice in group C2. The combination 3 TCM formu-
lation (T. diversifolia 300 mg/kg BW + C. longa
500 mg/kg BW + M. oleifera 200 mg/kg BW) was
administered to the mice in group C3. The mice
were treated via oral administration.

2.6. Pancreas and spleen isolation

The mice were anesthetized using ketamine, and
the abdomens were surgically opened to collect the
pancreas and spleen. The pancreas and spleen were
isolated from each group for further analysis. Each
organ was placed in a petri dish containing 3 mL
PBS and then macerated. The macerated samples
were transferred into polypropylene tubes and
centrifuged (2500 rpm, 10 °C) for 5 min. The pellet
was separated from the supernatant and resus-
pended in 1 mL PBS. Furthermore, the samples
were homogenized using a vortex and transferred
into 50 uL. microtubes [35].

2.7. Antibody staining for flow cytometry

For extracellular staining, cells from the spleen
were incubated with FITC anti-mouse CD4 and PE
anti-mouse CD25 (BioLegend, San Diego, CA, USA)
at 4 °C for 20 min. Subsequently, the homogenate
was resuspended in 400 pL PBS and transferred into
a cuvette. For both extracellular and intracellular
staining, cells from the spleen were incubated with
FITC anti-mouse CD4 (BioLegend, San Diego, CA,
USA) at 4 °C for 20 min. Subsequently, the ho-
mogenate was resuspended in 50 pL Cytofix and
incubated at 4 °C for 20 min. Next, the homogenate
was incubated with 500 pL. washperm at 4 °C for
5 min, followed by centrifugation (2500 rpm, 10 °C)
for 5 min. Each pellet separated from the superna-
tant was incubated with PE/Cy5 anti-mouse NF-«B,
PE anti-mouse TNF-a, and PE/Cy5 anti-mouse IFN-
vy (BioLegend, San Diego, CA, USA) at 4 °C for
20 min. Finally, the homogenate was resuspended
in 400 pL PBS and transferred into a cuvette. For
intracellular staining, cells from the pancreatic
organ were resuspended in 50 pL Cytofix and
incubated at 4 °C for 20 min. The homogenate was
then incubated with 500 pL washperm at 4 °C for
5 min and centrifuged (2500 rpm, 10 °C) for 5 min.
The pellet separated from the supernatant was
incubated with APC anti-mouse insulin (R&D

Systems, Minneapolis, MN, USA) at 4 °C for 20 min.
The homogenate was then resuspended in 400 pL
PBS and transferred into a cuvette. All procedures
were performed under minimal light. Samples were
analyzed using BD Cellquest Pro™ Software (BD
Biosciences, San Jose, CA, USA) [35].

2.8. Data analysis

Raw data were analyzed using the FlowJo™
Software (FlowJo LLC, Ashland, OR, USA). Statis-
tical analysis was performed using one-way
ANOVA and subsequent post-hoc tests with a sig-
nificance level of 0.05 using SPSS Statistics version
26.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Effect of TCM formulation on CD4"NF-kB™

The results showed that NF-kB expression in CD4
T helper cells increased significantly in diabetic
mice to 20 + 4 % compared to 4.74 + 1.42 % in
normal mice (p < 0.05). This surge in transcription
factor expression in diabetic mice was significantly
reduced after the administration of metformin and
the combination 1 and 2 TCM formulations
(p < 0.05). Metformin, as the standard drug,
decreased NF-kB expression by 3.81 + 0.57 %. The
combination 1 TCM formulation had the best effect
among the three combinations in suppressing NF-
kB expression, reducing it by 9.64 + 2.49 % (Fig. 2).
In contrast, a reduction in NF-kB expression was
also observed with the combination 3 TCM
formulation, although it was not statistically sig-
nificant compared to diabetic conditions (p > 0.05).

3.2. Effect of TCM formulation on CD4 TNF-o"

TNF-a expression increased significantly by
2312 + 938 % in diabetic mice compared to
9.42 + 3.21 % in normal mice (p < 0.05). This in-
crease in TNF-o expression was significantly
reduced after administration of metformin and the
combination 1 TCM formulation (p < 0.05). Met-
formin reduced TNF-a expression by 4.26 + 0.41 %
in diabetic mice, which was even lower than that in
normal conditions. The combination 1 TCM
formulation exhibited the same anti-inflammatory
effect of metformin in diabetic mice by reducing
TNF-o expression by 7.65 % + 2.99 %. In contrast,
the TCM formulations of the other two combina-
tions showed varying anti-inflammatory effect on
TNF-o. and not statistically significant compared to
diabetic conditions (p > 0.05) (Fig. 3a—Db).
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Fig. 2. TCM formulation led to a reduction in the expression of transcription factor NF-kB in CD4 T helper cells. A) Dot plot for flow cytometry
analysis representing six separate groups. B) Statistical analysis conducted using one-way ANOVA followed by Tukey post-hoc test. K-, normal
control; K+, type 2 diabetes control; MO, metformin treatment; C1, combination 1 TCM formulation; C2, combination 2 TCM formulation; C3,

combination 3 TCM formulation.

3.3. Effect of TCM formulation on CD4 " IFN-y*

IFEN-y expression increased significantly in dia-
betic mice by 30.96 + 10.65 % compared to normal
mice at 11.19 + 2.73 % (p < 0.05 %). This pro-
inflammatory cytokine was significantly reduced
(p < 0.05) following the administration of the met-
formin and the combination 1 TCM formulation in
diabetic mice. Metformin produced the highest

anti-inflammatory effect at 4.99 + 2.09 %. The
combination 1 TCM formulation also suppressed
IFN-y expression by 8.02 + 1.56 %, equal to the
anti-inflammatory effect of metformin. However,
the combination 2 and 3 TCM formulations did
not show any anti-inflammatory effect related to
IEN-vy, as they resulted in slightly higher IFN-v
expression than that in diabetic mice (p > 0.05)
(Fig. 3c—d).
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Fig. 3 TCM formulation showed its potential as an anti-inflammatory agent. (A—B) TNF-« expression in CD4 T helper cells, showing a dot plot
from flow cytometry analysis and a statistical test using one-way ANOVA followed by a Tukey post-hoc test. (C—D) IFN-vy expression in CD4 T
helper cells, showing a dot plot from flow cytometry analysis and a statistical test using one-way ANOVA followed by a Tukey post-hoc test. K-,
normal control; K+, type 2 diabetes control; MO, metformin treatment; C1, combination 1 TCM formulation; C2, combination 2 TCM formulation;
C3, combination 3 TCM formulation.

3.4. Effect of TCM formulation on CD4+*CD25™ cells

Diabetic mice had a significant increase in the
proportion of T cells CD4*CD25", reaching 15.32 +
6.32 % compared to a normal 5.98 + 1.37 % (p < 0.05).
Administration of metformin and the

TCM

formulations of three different dose combinations to
diabetic mice gradually reduced the proportion of T
cells CD4"CD25" (Fig. 4). The TCM formulation that
most significantly reduced the proportion of T cells
CD4"CD25" was combination 3, reaching 6.21 +
2.35 % (p < 0.05). This combination showed only a
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produced the

small difference compared to the decreasing effect of
metformin. Metformin significantly decreased the
proportion of T cells CD4"CD25" at5.76 % +2.32 % in
diabetic mice (p < 0.05). In contrast, combination 1
highest proportion of T cells
CD4"CD25" (9.14 % + 3.98 %) among the three
combinations, although it was still the lower
compared to diabetic conditions but the difference
was not statistically significant (p > 0.05).

Fig. 3. (continued).

3.5. Effect of TCM formulation on insulin expression
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The results showed that insulin expression
decreased significantly by 17.16 + 5.41 % in diabetic
mice compared to 45.98 + 15.57 % in the normal
group (p < 0.05). Insulin expression showed not
statistically significant increase in diabetic mice
after treatment with metformin and the combina-

tion 1 and 2 TCM formulations, which also
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Fig. 4. TCM formulation decreased the proportion of T cells CD4*CD25". A) Dot plot for flow cytometry analysis representing six separate groups.
B) Statistical analysis conducted using one-way ANOVA followed by Tukey post-hoc test. K-, normal control; K+, type 2 diabetes control; MO,
metformin treatment; C1, combination 1 TCM formulation; C2, combination 2 TCM formulation; C3, combination 3 TCM formulation.

approached normal conditions (p > 0.05). The
combination 1 TCM formulation produced the
highest among the three combinations, with insulin
expression increasing by 30.4 + 7.62 % (Fig. 5). The
effect produced by this combination was almost
equal to the increase in insulin expression by met-
formin, the standard drug, which reached
35.21 + 5.1 %. In contrast, combination 3 resulted in

the lowest insulin expression (17.39 + 2.06 %), which
was comparable to the diabetic condition (p > 0.05).

4. Discussion

Diabetes is a chronic metabolic disorder character-
ized by low-grade chronic inflammation [26]. Hyper-
inflammatory responses worsen the progression of
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Fig. 5. TCM formulation modulated insulin expression. A) Histogram for flow cytometry analysis representing six separate groups. B) Statistical
analysis conducted using one-way ANOVA followed by Tukey post-hoc test. K-, normal control; K+, type 2 diabetes control; MO, metformin
treatment; C1, combination 1 TCM formulation; C2, combination 2 TCM formulation; C3, combination 3 TCM formulation.

diabetes, leading to organ damage and vascular
complications [3]. This inflammation needs to be
reduced through the exploration of the TCM formu-
lations of three different dose combinations that can
target the NF-kB signaling cascade pathway, thus
enabling improved metabolic regulation. In this
study, NF-kB expression modulated the inflammation
expressed by CD4 T helper cells in type 2 diabetes
(Fig. 2). Nuclear factor kappa-B (NF-«xB), a

transcription factor, is involved in the pathogenesis of
various disorders. NF-«B centrally modulates pro-
inflammatory genes, resulting in the expression of
various cytokines and chemokines [36]. In the in-
flammatory response mechanism occurring in type 2
diabetes, activation of NF-kB predominantly occurs
through the canonical signaling pathway [37]. This
signaling pathway begins with the phosphorylation of
the multi-subunit IkB complex (IKK) by TGF--
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activated kinase 1 (TAK1). This phosphorylation ac-
tivates IKKB, which in turn phosphorylates IkBa.
Subsequently, IkBa becomes unstable and undergoes
proteasomal degradation. This condition causes IkBa
to dissociate from the NF-«kB. Consequently, NF-«B
becomes free to translocate to the nucleus from the
cytoplasm [36]. Together with AP-1, NF-kB promotes
the expression of various pro-inflammatory genes,
such as TNF-o, IL-1B, IL-6, IL-17, and IFN-v [8,9,38].
The increased expression of NF-«kB in type 2 diabetic
mice is consistent with the increased expression of the
two pro-inflammatory cytokines observed, TNF-a
and IFN-vy. These two pro-inflammatory cytokines are
among the main biomarkers indicating the patho-
genesis of type 2 diabetes [10,11]. Tumor necrosis
factor-alpha (TNF-a) expressed in CD4 T helper cells
is a key contributor to metabolic inflammation [39]. In
addition to TNF-q, interferon-gamma (IFN-vy), which
is also expressed in CD4 T helper cells, has the po-
tential to contribute to the death of pancreatic p-islet
cells when secreted [40].

Our findings indicate that type 2 diabetic mice
treated with the combination 1 TCM formulation
consistently exhibited anti-inflammatory effects
compared to those treated with combinations 2 and
3. Combination 1 successfully suppressed the
expression of the NF-kB transcription factor and
reduced the expression of TNF-a and IFN-vy (Fig. 3).
This combination produced improvements similar
to those produced by metformin alone. The effec-
tiveness of the combination 1 TCM formulation
cannot be separated from the dosage proportions of
its three herbal components. T. diversifolia had the
largest dosage proportion, followed by M. oleifera
and C. longa. In contrast, the herbal components in
combination 2 had the largest dosage proportion in
M. oleifera and the smallest in T. diversifolia. Com-
bination 3 had the largest dosage proportion in C.
longa and the smallest in M. oleifera. T. diversifolia
has the largest dosage proportion in combination 1,
which may strengthen the anti-inflammatory effect
of this combination. T. diversifolia, also known as
paitan, contains the highest levels of flavonoids
(apigenin) and phenolic acids (gallic, chlorogenic,
caffeic, and p-coumaric acids) in its leaves [41]. The
leaves of this plant are also known for their very
strong bitter taste, which is stronger than that of M.
oleifera leaves and C. longa rhizomes. This indicates
that T. diversifolia is rich in antidiabetic metabolic
compounds, such as chlorogenic acid [42,43], which
contributes to its bitterness [43,44].

5-caffeoylquinic acid (5-CQA), a compound from
the chlorogenic acid group, has good solubility in
hot water during extraction [45]. Chlorogenic acid
has strong anti-inflammatory effects, which work by

inhibiting IKK  phosphorylation,  rendering
IKKB inactive. Consequently, IKKB is unable to
phosphorylate IkBa, which supports proteasomal
degradation. Consequently, the translocation of NF-
kB from the cytoplasm to the nucleus is hindered.
In contrast, chlorogenic acid blocks the MAPK
signaling pathway by inhibiting the phosphorylation
of the kinase trio (p38, ERK1/2, and JNK) [46]. This
condition suppresses the translocation of NF-«B to
the nucleus and reduces the transcription of pro-
inflammatory genes [47]. Another compound that
dissolves in water is gallic acid [48]. Similar to the
anti-inflammatory effects of chlorogenic acid, gallic
acid works similarly. Gallic acid is also known for its
high antioxidant activity. This compound has been
reported to reduce the production of reactive oxygen
species (ROS) [49], thereby preventing the phos-
phorylation of p38 and JNK, inhibiting NF-«B acti-
vation, and ultimately suppressing the transcription
of pro-inflammatory genes [50]. In contrast, M. olei-
fera has anti-inflammatory and antidiabetic effects
due to the rich content of bioactive compounds in its
leaves from the phenolic acid group [21]. The com-
pounds in M. oleifera are believed to regulate the
immune system and metabolites under diabetic
conditions [51]. The effectiveness of this combina-
tion is further complemented by the presence of
curcumin, which dominates the rhizome of C. longa,
with its potential as an anti-inflammatory and anti-
diabetic agent [22].

An increase in the expression of pro-inflamma-
tory cytokines in CD4 T helper cells should
correspond to a decrease in the proportion of Treg
cells [14]. Interestingly, we found that the pro-
portion of T cells CD4"CD25" increased in type 2
diabetes. First, this condition can be explained as a
form of compensation in the immune response,
where the increased proportion of T cells
CD4"CD25" aims to suppress the expression of
TNF-a and IFN-vy. In contrast, a higher expansion
of T cells CD47CD25" in type 2 diabetes does not
correspond to an increase in their suppressive
function. Under these conditions, the proportion of
T cells CD4*CD25" increases, but their ability to
suppress effector T cell activation decreases. Pre-
vious studies have reported that the increase in T
cells CD4"CD25" during the pathogenesis of type
2 diabetes indicates the activation and prolifera-
tion of CD4 T cells [52], rather than indicating Treg
cells with the CD47CD25" marker. CD4 T cells
require the CD25 molecule to bind with IL-2 to
support the clonal expansion of activated T cells
[52]. Consequently, T cells can express pro-in-
flammatory cytokines, such as IFN-vy [53]. This fact
is further supported by the decrease in the



R.H. Burhan et al. / Karbala International Journal of Modern Science 12 (2026) 221—233 231

proportion of T cells CD4"CD25" following the
administration of metformin and the TCM for-
mulations of three different dose combinations in
mice with type 2 diabetes. Although combination 1
exhibited the least reduction effect compared to
the other two combinations even metformin and
showed a decreasing trend compared to diabetic
conditions, it consistently suppressed T cell acti-
vation and reduced their expression of pro-in-
flammatory cytokines (Fig. 4).

In type 2 diabetes, pro-inflammatory activity can
reduce the expression of insulin produced by
pancreatic B-cells. The decrease in insulin expres-
sion is caused by damage to B-cells in a pro-
inflammatory environment. IFN-y, together with
TNF-o, induces apoptosis in B-cells, resulting in
decreased insulin expression [54]. IFN-y binds to
the IFNGR, which activates JAK1/JAK2. This is
followed by the phosphorylation of STAT1, which
leads to the translocation of STAT1 dimers into the
cell nucleus [55]. STATI1 triggers transcription of the
IRF-1 target gene. IRF-1 expression makes pancre-
atic B-cells more susceptible to caspase-dependent
apoptotic signals induced by TNF-a [56]. Therefore,
when IFN-y and TNF-o expression decreases,
pancreatic B-cells are not susceptible to receiving
apoptotic signals, which subsequently impacts the
reduction of insulin expression. The decline in in-
sulin expression observed in type 2 diabetes
showed an improvement trend following treatment
with metformin and the combination 1 and 2 TCM
formulations. Combination 1, in particular, showed
an increasing trend in insulin expression to a level
comparable to that achieved with metformin
(Fig. 5).

Taken together, these findings are in line with the
previous study reporting that herbal compounds
inhibit the inflammatory response through the NF-
kB signaling cascade pathway, which can reduce
pro-inflammatory cytokines and improve insulin
regulation [57]. Although this study led to potential
findings for type 2 diabetes treatment, there are
several limitations to this research. First, the study
was conducted in vivo using an animal model.
Therefore, herbal therapy using the TCM formula-
tion cannot yet be implemented in humans, as it
must first undergo various stages of further evalu-
ation. Second, this study has not yet progressed to
toxicity evaluation for the TCM formulation as a
newly formulated drug, making toxicity evaluation
an important direction for future studies. Third, the
treatment period was relatively limited, thus
future studies with extended durations and com-
plementary mechanistic analyses are needed to
further validate these findings.

5. Conclusion

In conclusion, the TCM formulation has been
shown to have significant therapeutic potential in
intervening in the pathogenesis of type 2 diabetes.
The efficacy of the TCM formulation depends on
the dosage proportion of each herbal component,
where combination 1, characterized by a high dose
of T. diversifolia, exhibited the strongest and most
consistent anti-inflammatory effect, comparable to
that of metformin. This combination effectively
mitigates chronic inflammation by suppressing the
NF-kB transcription factor in CD4 T helper cells,
similar to the mechanisms of chlorogenic and gallic
acids. This, in turn, leads to a reduction in the
expression of key pro-inflammatory cytokines,
TNF-a. and IFN-y, which play a significant role in
the apoptosis of pancreatic B-cells, where insulin is
produced. The combination 1 TCM formulation not
only exerts an anti-inflammatory effect but also
shows a restoring trend toward insulin expression
in type 2 diabetes models, to levels nearly equiva-
lent to the effects of metformin. This combination
minimizes the pro-inflammatory environment and
prevents pancreatic f-cells from undergoing
apoptosis, allowing B-cells to maintain their func-
tion in producing insulin. This study provides
strong evidence that the TCM formulation enriched
with T. diversifolia acts as a potent agent against
inflammation and suggests that the formulation has
a potential modulatory role in insulin regulation,
found in type 2 diabetes.
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