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ABSTRACT

Gestational diabetes mellitus is characterized by glucose
intolerance during pregnancy, leading to elevated glucose levels,
oxidative stress, and inflammation. Candle bush (Cassia alata)
extract (CBE) is an alternative potential therapeutic approach due to
its anti-diabetic and anti-inflammatory properties. This study aims to
evaluate the efficacy of Candle bush leaf extract during GDM by
dynamic changes of CD4*, CD8*, and regulatory T cells (Tregs).
Simplicia of Candle bush leaf was extracted by maceration with
distilled water (1:10; w:v) for 42 hours at 40°C. Twenty-five
pregnant mice were spread randomly into five groups (n=5). Mice
were induced to develop GDM using 300 mg/kg BW niacinamide (NA)
and 145 mg/kg BW streptozotocin (STZ) via intraperitoneal injection.
The treatment groups received metformin (307 mg/kg BW) and CBE
(Dose 1 with 500 mg/kg BW and Dose 2 with 1,500 mg/kg BW) orally
once a day from Gestational-day/GD6 to GD18. The pancreas and
spleen organs were isolated for immunostaining. The antioxidant
activity was analyzed using 0.4mM 2,2-diphenyl-1-picrylhydrazyl
(DPPH). The results demonstrated that CBE significantly reduced
blood glucose levels, increased insulin secretion, and modulated
immune cell populations by decreasing cytotoxic T cells (CD8*) as
factor that induce inflammation and increasing helper T cells (CD4%)
and Tregs activities as modulator to induce anti-inflammatory
(P < 0.05). Furthermore, CBE has antioxidant activity with IC50 475
Mg/ml. In conclusion, the Dose 1 appears as a promising potential
treatment for GDM by greater improvements in glucose regulation,
insulin secretion, and immune modulation compared to metformin
and the higher dose of CBE.
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INTRODUCTION

Hyperglycemia in pregnancy is a type of physiological adaptation of metabolism
and normally occurs during pregnancy (Modzeleweski et al., 2022). The purpose of
metabolic adaptations during pregnancy was to assist fetal development, especially
in terms of nutrition (Lizarraga and Gasca, 2021). The inability to respond to glucose
demand during pregnancy can lead to gestational diabetes mellitus (Plows et al.,
2018).

Gestational diabetes mellitus (GDM) is a reference to high blood glucose levels
(>200 mg/dL) during pregnancy. The International Diabetes Federation (IDF)
estimated the prevalence of GDM reached 16.7% of births annually in 2021 and will
keep on increasing (IDF, 2021). The study conducted by Jatavan et al. (2023)
reported that the prevalence of gestational diabetes mellitus had increased to 22%
in 2022 based on research conducted in northern Thailand (Jatavan et al., 2023).
The increase in GDM cases is influenced by many factors which include ethnicity,
lifestyle and history, and other factors (Plows et al., 2018; Wang et al., 2022).
Women with GDM are defined as pregnant women who are diagnosed with diabetes
or hyperglycemia diagnosis in the second or third trimester which also includes
women with and without a diabetes history (ADA, 2021).

The effects of hyperglycemia cause failure of the immune cells to reduce
inflammation in GDM. Disruptions in the immune response cause an imbalance in the
body's condition. It leads to excessive inflammatory conditions caused by increased
pro-inflammatory immune responses and disruptions in the production of anti-
inflammatory immune cells (McElwain et al., 2021). Effective medication is required
to avoid the imbalance of immune response. One of the alternative approaches for
decreasing blood glucose levels is by using leaf extract from Candle bush (C. alata)
(Oladeji et al., 2020).

Candle bush has previously been thoroughly researched in terms of nhumerous
bioactivities derived from all sections of the plant, including leaves, seeds, stems,
twigs, and flowers. Candle bush has antimicrobial, antifungal, anticryptococcal,
antibacterial, antitumor, anti-inflammatory, antidiabetic, antioxidant, wound healing,
and anti-helminthic properties (Oladeji et al., 2020). Its ability is supported by the
secondary metabolite composition of Candle bush, which includes alkaloids, tannins,
saponins, phenols, flavonoids, anthraquinones, and cardiac glycosides (Chew et al.,
2022).

Candle bush leaf extract has great potential as an anti-diabetic drug in GDM as
shown by previous studies (Yakubu et al., 2010; Kazeem et al., 2015; Naowaboot
and Piyabhan, 2016; Onyegeme-Okerenta and Anacletus, 2017). Candle bush leaf
has also been used in traditional medicine by boiling it in water (Chew et al., 2022).
Oral therapy, such as taking medicines and herbs, is very successful and safe in
treating GDM. The treatment focuses on increasing insulin sensitivity to manage
glucose levels during pregnancy (Plows et al., 2018).

There are limited studies regarding the administration of herbal extracts in
pregnant conditions. Effective medication is required to avoid the harmful effects of
GDM. Based on previous research, it has been determined that a dosage of 500
mg/kg BW is the most effective to decrease blood glucose levels. Lower doses than
this threshold have shown no meaningful effect on blood glucose reduction while
staying safe for pregnant mice (Yakubu et al., 2010; Naowaboot and Piyabhan,
2016). However, a full evaluation of this dosage's effects and efficacy on pregnant
women with GDM is unclear. This study aims to evaluate the efficacy of Candle bush
leaf extract during GDM by dynamic changes of CD4*, CD8*, and regulatory T cells
(Tregs). This study addresses critical gaps in the literature by comparing the effects
of C. alata extract at optimal (500 mg/kg BW) and higher (1,500 mg/kg BW) dosages
on preghant mice, evaluating both toxicity and efficacy through dynamic changes in
CD4*, CD8*, and regulatory T cells (Tregs), thereby providing valuable insights into
the immunomodulatory effects of Candle bush Extract (CBE) in managing
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hyperglycemia during pregnancy and advancing potential therapeutic strategies for
gestational diabetes mellitus.

MATERIAL AND METHODS

Materials

The leaves of Candle bush (C. alata) were obtained from UPT Materia Medica
Batu during the dry season, with sample number 220110.KPC.F.KJY.001. The plant
was identified by Materia Medica Batu with the identification number
067/892/102.20/2023. A total of 8 kg of fresh leaf samples were processed into 2 kg
of simplicia samples for further extraction and analysis. Twenty-five 8-week-old
strain BALB/c female mice were obtained from the Department of Pharmacy, UGM
(Yogyakarta, Indonesia). The sample size was calculated using the Federer’s formula
for five groups. The calculation using the Federer formula resulted in a value of 4.75,
indicating that the sample size we have employed is adequate for this study.
Considering 5 replications per group is sufficient to yield statistically valid and
significant results in the analysis of the sample. Mice were induced for GDM using
Niacinamide (NA) in water for injection and streptozotocin (STZ) (Bioworld, USA) in
citrate buffer with a pH of 4.5. Immunostaining for flow cytometry was done using
wash and permeable buffer, cytofix, and anti-CD4-APC, anti-CD25-PE, anti-CD8-PE,
and anti-insulin-APC (Biolegend, USA) antibodies. The antioxidant activity was done
using 0.4 mM DPPH in ethanol and distilled as a solvent in this assay.

Extraction

Leaves of Candle bush that had been dried and processed then were turned
into simplicia or powder form (8 kg fresh leaf sample into 2 kg simplicial sample).
Simplicia was extracted by maceration with distilled water as a solvent. Simplicia with
the amount of 100 grams was added to a beaker glass and dissolved using 1,000 mL
distilled water (1:10; w:v). The sample was stirred using a magnetic stirrer for
42 hours at 40°C. Afterwards, the sample is filtered with a filter cloth of Whatman
filter paper in addition to a vacuum pump to remove any remaining residue. Then, a
rotary evaporator at 40°C was used to turn it into a paste form, and freeze-dry was
used for optimization to remove the solvent.

GDM mice model

This experiment was conducted in the Laboratory of Animal Physiology (Malang,
Indonesia) from August until September 2023. The ethical approval was obtained
from Brawijaya University research ethics commission for animal care and use
committee (No:108-KEP-UB-2023). Animals were housed in a pathogen-free room
with enough food and drink. Twenty-five 8-week-old female BALB/c mice in the
estrous cycle were mated with male BALB/c mice. The vaginal plug was checked to
ensure the mating process is complete. Mated female mice were then separated from
male mice and induced to develop a GDM model using the method described by Wu
et al. (2016), with a few modifications. Mice were fasted for 6 hours before injection.
Mice were administered with 300 mg/kg NA in water for injection, followed by the
administration of 145 mg/kg STZ in citrate buffer with a pH of 4.5 via intraperitoneal
injection 15 minutes later. The blood glucose levels of the mice were assessed by
milking and measuring blood from the tips of their tails using a glucometer
consistently at 8 a.m. The mice were successfully modeled as GDM mice as shown
by the vaginal plug and hyperglycemia after six days of evaluation (blood glucose
level >200mg/dL).
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GDM treatment

Pregnant mice were randomly assigned to various groups: normal pregnant,
GDM, Metformin (GDM mice treated with metformin 307 mg/kg BW), Dose 1 (GDM
mice treated with CBE 500 mg/kg BW), and Dose 2 (GDM mice treated with CBE
1500 mg/kg BW) with 5 mice for each group (n=5). Metformin dose is based on a
human-to-mouse dose conversion that was adjusted in previous research (Nair and
Jacob, 2016). GDM treatment with metformin and extract was started on gestational
day 6 (GD6) orally once per day. Blood glucose level was measured before pregnancy
(GDO0), after pregnancy (after six days of pregnancy in GD6), and after treatment
(after 12 days of treatment in GD18) using EasyTouch glucometer (Bioptik
Technology Inc., Taiwan).

Immunostaining and flow cytometry

Twenty-five pregnant mice were sacrificed by neck dislocation method on GD18
to examine CD4*CD25%, CD4*, CD8*, and insulin-expressing cells alongside tissue
histology. The pancreas and spleen were isolated and immunostained. Extracellular
staining of antibodies was done using the spleen organ, while intracellular staining of
antibodies was done using the pancreas organ. Organs were crushed gently in
phosphate buffer saline (PBS) to isolate the cells. Samples were then placed in a
propylene tube and centrifuged at 2400 rpm for 5 minutes at 10°C. The supernatant
was discarded and 1 ml of PBS was added to the pellet.

Extracellular staining

Fifty microliters of isolated spleen samples were placed in a 1.5 mL microtube
in preparation for extracellular staining of antibodies. Samples were added with
50 pL of extracellular antibodies (anti-CD4-FITC, anti-CD8-PE, and CD25-PE)
(BioLegend, USA). Samples were mixed using a vortex and incubated in low light
conditions at 4°C for 20 minutes. After incubation, samples were added with 400 pL
PBS and transferred to a FACS tube. Next, the samples were run on a flow cytometry
machine (BDFACSCalibur). Afterwards, the data was analyzed using the BD CellQuest
Pro software.

Intracellular staining

Fifty microliters of isolated pancreas samples were placed in a 1.5 mL microtube
in preparation for intracellular staining of antibodies. Samples were added with 50 pL
of cytofix and incubated in low light conditions at 4°C for 20 minutes. Samples were
then added with 500 puL of wash and permeabilization buffer and centrifuged for 10
minutes at 2500 rpm and 4°C. The supernatant was discarded and the pellet was
added with 50 pL intracellular antibodies (anti-insulin-APC) (BioLegend). The
samples were mixed using a vortex and continued with incubation at 4°C for 20
minutes in low light conditions. The sample was then added with 400 pL PBS and
transferred to a FACS tube. Next, the samples were run on a flow cytometry machine
(BDFACSCalibur) and the data were analyzed using the BD CellQuest Pro software.

Histology analysis

The pancreas was isolated to make histology slides. It was immersed in 10%
formalin and the paraffin block method was performed. Paraffin blocks were sliced
using microtome with 6-8 pym thickness and placed on a glass slide. Samples were
then deparaffinized using xylene and alcohol. Afterwards, samples were dyed with
hematoxylin and eosin to stain cells in the pancreas tissue. The samples were
examined to analyze the histology of the pancreas under a light microscope equipped
with a digital camera under a magnification of X200.
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DPPH assay

The antioxidant activity of CBE was assessed using the DPPH compound as a
free radical to evaluate the extract's capability to scavenge free radicals. The DPPH
assay followed the methodology outlined by Sari et al. (2023) with a few
modifications. In a 96-well plate, 100 pl of CBE at different concentrations (31.25-
500 ug/ml) was added. The extract was tested with triplicates of 3 wells for each
concentration. Subsequently, 100 ul of DPPH at a concentration of 0.4 mM was added
to each well containing CBE. The samples were then incubated for 30 minutes at
room temperature and the readings were taken using a microplate reader at a
wavelength of 517 nm.

Statistical analysis

All data obtained from this research were statistically analyzed using One-Way
ANOVA and Tukey HSD follow-up test to assess the differences between groups with
n=5 for each group (five mice for each group). Statistical analysis was conducted
using GraphPad Prism 8. The data was expressed as mean = SD and P<0.05 was
regarded as a statistically significant difference.

RESULTS

Blood glucose level on gestational diabetes mellitus

Pregnancy has an effect on rising blood glucose levels (Table 1). The increase
in blood glucose in the Normal mice group has an increasing trendline during the
study period. Blood glucose levels in all mice started at 126.4 £ 19.07 mg/dL without
treatment and pregnancy factor. However, the blood glucose levels were still below
the hyperglycemia condition (<200 mg/dL) with 140 £ 17.98 mg/dL at GD18. In the
GDM mice group, GDM condition caused a significant increase in blood glucose. Blood
glucose levels in all groups of mice with GDM condition were greater than 200 mg/dL.
In the groups of GDM mice without treatment, the increase in blood glucose became
higher until it reached 336 £ 37.06 mg/dL and was significantly different from the
Normal group.

GDM mice in the treatment groups which include CBE and metformin showed a
decrease in blood glucose levels (Table 1). Metformin administration reduced blood
glucose levels by 190 £ 25.96 mg/dL with no significant difference from the Normal
group. In the extract groups, both extract groups reduced blood glucose levels in
GDM conditions. Blood glucose levels in the Dose 1 and Dose 2 groups were 251.4 £
38.30 mg/dL and 259.6 £ 45.46 mg/dL, respectively (Table 1). The decrease in blood
glucose levels in the two extract groups was still not comparable to the glucose levels
in the Normal group, which showed significant differences between groups. The
decrease in the extract groups was only similar to that in the Metformin group and
the extract groups did not significantly reduce blood glucose levels compared to the
GDM group. This decrease in blood glucose levels correlated with insulin cell
expression (Figure 1).
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Table 1. Blood glucose level on GDM.

Before Before .
. After Treatment in .
Group Pregnancy Treatment in GD18 (mg/dL) Sig
(mg/dL) GD6 (mg/dL) 9
Normal 126.4 £ 19.07 122.4 £ 20.57 140 + 17.98 a
GDM 126.4 + 19.07 230 £ 59.67 336 + 37.06
Metformin 126.4 + 19.07 269.6 + 66.91 190 £ 25.96 ab
Dose 1 126.4 £ 19.07 277.6 £ 67.23 251.4 + 38.30 bc
Dose 2 126.4 £ 19.07 229.2 + 40.27 259.6 + 45.46 bc

Note: one-way ANOVA and Tukey HSD analysis p<0.05 is considered statistically significant. Different letter annotation means it is significantly
different between groups. Normal = Normal mice group (n = 5); GDM = Gestational diabetes mellitus mice group (n = 5); Metformin= GDM
mice treated with Metformin 307.5 mg/kg BW; Dose 1 = GDM mice treated with CBE 500 mg/kg BW (n = 5); Dose 2 = GDM mice treated
with CBE 1500 mg/kg BW (n = 5).

Pancreatic cell condition after extract administration during gestational
diabetes mellitus

The pancreas has a vital role during GDM. The number of cells expressing insulin
in the Normal pregnant group of mice was elevated and this increase correlated with
glucose levels in the Normal pregnant mice (Figure 1). The increase of cells that
expressed insulin was shown to be in the value 58.27 + 6.40% and this was
supported by the normal condition of the pancreas histology. In the GDM condition,
cells that expressed insulin showed a significant reduction at 14.69 £ 2.09% and this
was supported by the abnormality of pancreas histology. Microscopic examinations
of pancreas islets showed untreated GDM condition will lead to abnormality of
structure such as hyperplasia and loss of structure border (black arrow). Pancreas
structures were improved during treatment with metformin and extract. It showed
that there is no indication of loss of structure or hyperplasia. The pancreas histology
of treated mice with extract showed an increase in the compactness and density of
pancreatic cells (Figure 1).
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Figure 1. Pancreas histology and insulin-expressing cells in the pancreas:
histology of pancreatic islet (200x magnificent) a); flow cytometry plot of
insulin-expressing cells in the pancreas b); Statistical comparison of insulin-
expressing cells in the pancreas of all group in the study after flow
cytometry analysis c). The black arrow shows there is a loss of structure in
pancreas histology. Normal = Normal mice group; GDM = Gestational diabetes
mellitus mice group (n = 5); Metformin= GDM mice treated with Metformin 307.5
mg/kg BW; Dose 1 = GDM mice treated with CBE 500 mg/kg BW (n = 5); Dose 2 =
GDM mice treated with CBE 1500 mg/kg BW (n = 5). Statistical note: *= P <0.05,
**= p< 0.01 ***= p< 0.001, ****= pP< 0.0001, ns = not significant.

Treatment groups (metformin and CBE) have an effect on insulin-expressing
cells and pancreas histology (Figure 1). Metformin treatment was shown to be not
effective in increasing cells that express insulin. It was shown by the value of 25.18
+ 0.18%, which was not significant when compared to the GDM group and it was
also significantly lower when compared to the Normal group. Both groups of extracts
were shown to be able to increase cells that express insulin in the pancreas. The rise
in insulin-expressing cells for both extract doses was significantly different when
compared to the GDM group. The increase of insulin-expressing cells was shown to
be at the value of 66.99 £ 8.87% in Dose 1 and 50.23 £+ 4.83% in Dose 2. Dose 1
was shown to be the most effective in boosting insulin-expressing cells between all
groups and was close to the normal condition.

Inflammatory response in CD4* and CD8* cells were suppressed after
treatment intervention

Immune cells known as CD4+ and CD8+ cells serve as markers of inflammation
in this study. Normal pregnant mice showed relatively low numbers of cells at 13.55
£+ 1.30% in CD4* and 4.91 £ 0.85% in CD8" (Figure 2). In GDM condition, CD4* and
CD8+ cells increased significantly from the Normal group with the value of 17.35 £
0.74 and 6.67 £ 0.12% respectively. The Metformin and CBE groups were able to
reduce inflammation to close to the Normal group levels in CD8" cells. CD8* cells in
the Metformin, Dose 1, and Dose 2 groups were 4.45 £ 0.47, 4.27 £ 0.49 and 5.32
£ 0.92% respectively. In CD4* cells, only the Metformin group has their number of
cells decreased significantly when compared to the GDM group. The CD4* cells in the
treatment groups were 14.84 + 0.91% in Metformin, 17.06 = 0.65% in Dose 1, and
19.32 £ 1.66% in Dose 2 groups.
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Figure 2. Relative number of CD4* and CD8* cells in the study: Flow
cytometry plot of CD4* and CD8" cells a); Statistical comparison of CD4+* cells
after flow cytometry analysis of all group in the study b); Statistical
comparison of CD8"* cells after flow cytometry analysis of all group in the
study c). Normal = Normal mice group (n = 5); GDM = Gestational diabetes mellitus
mice group (n = 5); Metformin= GDM mice treated with Metformin 307.5 mg/kg BW;
Dose 1 = GDM mice treated with CBE 500 mg/kg BW (n = 5); Dose 2 = GDM mice
treated with CBE 1,500 mg/kg BW (n = 5). Statistical note: *= P <0.05, **= P< 0.01
***= Pp< 0.001, ****= Pp< 0.0001, ns = not significant.

Counterbalance response in anti-inflammatory cell expression (CD4+* CD25%)
were boosted after extract treatment

Tregs or CD4*tCD25* cells serve as markers of anti-inflammation or
immunosuppressive cells in this study. The Normal group has shown a low number
of CD4*CD25* cells at 0.88 £ 0.09% (Figure 3a). The GDM and metformin groups
showed that there was no increase of Tregs and there was no significant difference
between the Normal group with 1.00 £ 0.04% in GDM and 0.99 + 0.05% in
metformin group mice. The administration of the extract enhanced the number of
CD4+CD25" cells. Dose 1 and Dose 2 were shown to be significantly different than
the Normal group at 1.62 £ 0.12% and 1.60 £ 0.15%, respectively (Figure 3).
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Figure 3. Relative number of CD4*CD25* cells on spleen during GDM
condition: Flow cytometry plot of CD4+CD25" cells a); Statistical comparison
of CD4*CD25" cells after flow cytometry for all groups in the study b). Normal
= Normal mice group (n = 5); GDM = Gestational diabetes mellitus mice group
(n =5); Metformin= GDM mice treated with Metformin 307.5 mg/kg BW; Dose 1 = GDM
mice treated with CBE 500 mg/kg BW (n = 5); Dose 2 = GDM mice treated with CBE
1,500 mg/kg BW (n = 5). Statistic note: *= P <0.05, **= P< 0.01 ***= P< 0.001,
**kx*x= P< 0.0001.

Antioxidant activity of candle bush extract

The CBE extract exhibited bioactivity as an antioxidant agent, as demonstrated
by the DPPH assay (Figure 4). CBE, at concentrations of 31.25, 62.5, 125, 250, and
500 pg/ml, demonstrated scavenging activity against the DPPH compound. The IC50
for CBE was determined to be 475 ug/ml, indicating that CBE requires a higher
concentration to exhibit bioactivity as an antioxidant.
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Figure 4. Antioxidant activity of CBE using DPPH assay to test free radical
scavenging ability of CBE.

DISCUSSION

Pregnancy has an effect on rising blood glucose levels (Table 1). The increase
in all groups is a result of the body response to increased glucose demand and insulin
resistance during pregnancy (Sharma et al., 2022). Before entering the second and
third trimesters, blood glucose levels must rise in order to develop lipid storage
(Plows et al., 2018; Lizarraga and Gasca, 2021). The elevation in blood glucose levels
throughout the second and third trimesters is driven by insulin resistance to meet
the nutritional transportation needs of the fetus (Plows et al., 2018).

The increase of blood glucose in the Normal mice group has an increasing
trendline during the study period (Table 1). However, the blood glucose level
remained below hyperglycemia condition (<200 mg/dL) at GD18, with an average of
140 £ 17.98 mg/dL. This result is related to the body adaptability, such as balancing
insulin expression (Plows et al., 2018). Insulin is required to keep blood glucose levels
stable. The increase of insulin was shown in the Normal pregnant group of mice with
a value of 58.27 + 6.40% (Figure 1b and 1c).

In this study, GDM models were induced using i.p injection of STZ and NA.
NA will provide protection to the pancreas while STZ will increase blood sugar levels
by disrupting the pancreas and keeping blood glucose levels high which will lead to
failure of blood glucose control. When the body fails to adapt to hyperglycemia, blood
glucose is greatly elevated and this will lead to GDM (Wu et al., 2016).

The GDM disease caused a significant increase in blood glucose in this study
(Table 1). Blood glucose levels in all groups of mice with GDM were greater than 200
mg/dL. In the group of GDM mice without treatment, the increase in blood glucose
became higher until it reached 336 £ 37.06 mg/dL and was significantly different
from the Normal group. The increase of blood glucose in the GDM condition is caused
by failure of adaptation during pregnancy, such as decreased insulin secretion,
chronic insulin resistance, oxidative stress, ER stress, inflammation, and others
(Plows et al., 2018; Burgos-Mordn et al., 2019). The inability of the GDM mice group
to control blood glucose levels is shown by the decrease of insulin-expressing cells at
14.69 £ 2.09% which was significantly lower than the Normal group and this was
further evidenced by the abnormality of the pancreatic islets in the GDM group
without treatment (Figure 1).
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Treatments of CBE and metformin will help to manage GDM adverse effects
besides lifestyle interventions (exercises and diet) (Plows et al., 2018). Both
treatments (metformin and extract) has an effect on blood glucose levels and insulin-
expressing cells. Metformin administration reduced blood glucose levels to the value
of 190 £ 25.96 mg/dL with no significant difference from the Normal group (Table
1). However, metformin was not effective in increasing insulin-expressing cells in the
pancreas. It was shown by the number of insulin-expressing cells at 25.18 £ 0.18%,
which was not significant when compared to the GDM group (Figure 1b and 1c). This
happened because metformin works by raising insulin sensitivity. Metformin
enhances insulin sensitivity by boosting insulin-mediated insulin receptor tyrosine
kinase activity, which activates post-receptor insulin signaling pathways such as the
translocation of GLUT4. It resulted in greater blood glucose absorption and reduced
blood glucose levels (Herman et al., 2022).

Both CBE groups reduced blood glucose levels in GDM conditions, albeit not
significantly. Blood glucose levels in the Dose 1 and Dose 2 groups were 251.4 +
38.30 mg/dL and 259.6 £ 45.46 mg/dL, respectively (Table 1). Additionally, the
decrease in blood glucose levels in the CBE groups was still significantly different
when compared to the Normal group. Both groups of CBEs also did not show any
significance when compared to the Metformin group. The efficacy of Candle bush leaf
extract to reduce blood glucose levels was not as effective as metformin, but the
extract groups were able to boost insulin-expressing cells in the pancreas and repair
the structure of the pancreas islet (Figure 1). Herbal medicines offer an effective
approach to improving B-cell function, with potential benefits including anti-apoptotic
action, B-cell neogenesis/proliferation, enhanced glucose-stimulated insulin secretion
via activation of glucose transporter-2 (GLUT-2) receptors, increased intracellular
Ca?* levels, modulation of various insulin signaling pathways and protective effects
on B-cells by reducing oxidative stress and inflammation (Wickramasighe et al.,
2021). These effects are attributed to the presence of secondary metabolites in CBE,
such as alkaloids, tannins, saponins, phenols, flavonoids, anthraquinones, and
cardiac glycosides (Wickramasighe et al., 2021; Chew et al., 2022).

Pancreas structure and function were improved during treatment with CBE. The
repair process showed the structure of the pancreas was maintained to keep the cell
cohesion and it returned to normal size and function (Figure 1). During GDM
conditions, the pancreas islet showed hyperplasia and loss of structure border
compared to the Normal pregnant group. Hyperglycemia condition disturbs the
pancreas environment and structure due to the effect of oxidative stress and cell
deaths lead to abnormal structure of pancreas islets such as hemochromatosis,
lymphocyte infiltration, and loss of cell border in the pancreas islet (Yasmin et al.,
2021).

Pancreas function is related to the ability to produce insulin to maintain blood
glucose in the body. Both CBE groups showed improvement in pancreas function by
increasing insulin-expressing cells significantly when compared to the GDM group
(Figure 1), with insulin-expressing cells a relative number of 66.99 + 8.87% and
50.23 + 4.83%, respectively. Dose 1 was shown to be the most effective in boosting
insulin-expressing cells between all groups.

The effectiveness of CBE in reducing diabetes was proven by increasing insulin-
expressing cells in the pancreas in this study. The secondary metabolic component
of Candle bush leaf plays an important role in its anti-diabetic properties. Previous
studies showed that CBE can reduce glucose absorption in the gut while increasing
insulin secretion and sensitivity and also improving insulin sensitivity (Kazeem et al.,
2015; Naowaboot and Piyabhan, 2016).

The immune response is crucial for maintaining homeostasis. Immune cells
known as CD4*, CD8*, and Tregs serve as markers of inflammation. Increased CD4*
and CD8" cells are associated with pro-inflammatory responses, while increased
Tregs expression is associated with anti-inflammatory responses (Wagers et al.,
2022). In GDM conditions, hyperglycemia enhances inflammation and can lead to
exacerbating GDM to give conditions such as chronic inflammation, damaged
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pancreatic B-cells, and chronic insulin resistance (Giri et al., 2018). In this study,
CD4* and CD8* cells in the GDM mice group were increased significantly from the
Normal group with the values of 17.35 £ 0.74% and 6.67 £ 0.12%, respectively
(Figure 2). The number of CD4* and CD8* lymphocytes during pregnancy indicates
the amount of inflammation. The presence of these two cells in large numbers shows
that the body is inflamed (Barinov et al., 2017).

The Candle bush leaf extract possesses anti-diabetic and also anti-inflammatory
properties (Oladeji et al., 2020). The Metformin and CBE groups in this study were
able to reduce inflammation close to the Normal group levels in CD8* cells (Figure
2). The number of CD8" cells in Metformin, Dose 1, and Dose 2 groups were 4.45
0.47, 4.27 £ 0.49, and 5.32 £ 0.92%, respectively. This decrease in inflammation
levels was a result of numerous consequences from the treatment processes.
Metformin can reduce inflammation by lowering blood glucose levels and boosting
insulin sensitivity (Herman et al., 2022). Metformin also has a role in the modulation
of plasma pro-inflammation cytokine to improve the condition in diabetic mice
(Janthakhin et al., 2023). Meanwhile, the extract decreased inflammation by lowering
blood glucose levels and modulation of inflammatory cells, and this was also
enhanced by the effects of anti-inflammatory or immunosuppressive immune cells
(Figure 3).

The inflammatory response during pregnancy must be controlled immediately
to prevent fetal miscarriage due to cytotoxic cell activity. As a form of adaptation,
the mother's immune cells will enhance immunosuppressive activity to decrease
inflammation before the cytolytic pathway begins. Immune cells are going to
encounter a balance of activation and repression under normal conditions (McElwain
et al., 2021). The normal group has shown low expression of Tregs at 0.88% because
the mice were not in pro-inflammatory condition (Figure 3). GDM and Metformin
groups have shown no elevation of Tregs and thus, there was no significance when
compared to the Normal group in this study. No enhancement of anti-inflammatory
responses during inflammation conditions will lead to chronic inflammation (Plows
et al., 2018; Burgos-Mordn et al., 2019).

The Candle bush leaf extract was able to boost the anti-inflammatory response.
The administration of CBE enhanced the number of CD4*CD25" cells. Dose 1 and
dose 2 were shown to be significantly higher than the Normal group at 1.62 £ 0.12%
and 1.60 £ 0.15%, respectively (Figure 3). This showed that secondary metabolites
from CBE have the ability to stimulate the production of regulatory T cells as an
anti-inflammatory agent. Increased Tregs can suppress CD4* and CD8* cell activity
in generating inflammation (Penaloza-MacMaster, 2017). Inflammation and blood
glucose levels that are not controlled will worsen GDM symptoms. The administration
of CBE extract in this study has shown to be a potential alternative to GDM treatment
since it can boost anti-inflammatory responses and insulin secretion. Herbal
administration has been studied to control and suppress inflammation effects such
as cytokines and pro-inflammatory cells with counterbalance response by enhancing
anti-inflammatory cells and cytokines (Sari et al., 2023).

The CBE also functions as an antioxidant agent with an IC50 of 475 pg/ml
(Figure 4). It exhibits activity in scavenging DPPH as a free radical. Antioxidant
activity from natural compounds such as CBE is known to provide protective effects
against tissue and cell damage caused by free radicals (Lobo et al., 2010). The
protective role of CBE was observed in pancreatic islets, where CBE administration
prevented hyperplasia and loss of structural integrity compared to the Normal
pregnant group after treatment (Figure 1a). Administration of herbal extract as an
antioxidant does not only protect the pancreas organ. It also gives protection to other
organs, such as the kidney and liver to prevent inflammation during hyperglycemia
conditions (Nindita et al., 2023). Administration of herbal extracts in hyperglycemic
conditions could enhance endogenous antioxidants. CBE, acting as an exogenous
antioxidant, along with the enhancement of endogenous antioxidants, could reduce
free radicals and provide a more pronounced protective effect (Sari et al., 2023).
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The effectiveness of a lower dose (Dose 1) compared to a higher dose (Dose 2)
of CBE can be attributed to several factors. One key aspect is the concept of an
optimal dose-response relationship, where a specific dosage range elicits maximum
therapeutic effects while minimizing adverse effects (Bommakanti et al., 2023). Dose
1 (500 mg/kg BW) may align with this optimal range, facilitating effective interactions
with biological pathways involved in glucose metabolism and immune modulation.
Additionally, many herbal extracts exhibit hormetic dose responses, where low doses
may produce beneficial effects while high doses could be detrimental. This biphasic
response emphasizes the need for careful dosage optimization to harness the positive
effects while avoiding negative outcomes. Given that a large number of herbal
extracts have demonstrated hormetic (biphasic) dose-response relationships across
different immune cell models, as seen in prior studies, the dose-response data should
also be evaluated for the occurrence, frequency, and quantitative features of these
effects, including intensity and dosing range (Calabrese et al., 2019).

Biological saturation can occur at higher doses, where the body systems reach
a point where extra quantities of the extract do not enhance efficacy due to receptor
desensitization or limited capacity to metabolize the active compounds (Calabrese
et al., 2019). Furthermore, the significance of herbal nutraceuticals in the prevention
and treatment of diseases such as diabetes, obesity, dementia, hypertension, and
hypercholesterolemia has been increasingly recognized. These compounds are also
noted for their immunomodulatory and antimicrobial properties. However,
inappropriate use of herbal nutraceuticals can lead to adverse effects, such as
hepatotoxicity, pulmonary toxicity, cytotoxicity, and other toxicological impacts on
various organs, including the heart and kidneys (Bommakanti et al., 2023). This
underscores the importance of ensuring safe dosages, particularly in vulnerable
populations such as pregnant women with GDM. Moreover, the pharmacokinetics of
the compounds in C. alata may result in better absorption and utilization at lower
doses, while higher doses could lead to suboptimal bioavailability due to physiological
barriers.

CONCLUSION

This study highlights the therapeutic potential of Candle bush (C. alata) leaf
extract in managing gestational diabetes mellitus (GDM) by effectively reducing blood
glucose levels through the enhancement of insulin-expressing cells in the pancreas
and demonstrating strong anti-inflammatory effects by decreasing pro-inflammatory
CD8* cells while increasing CD4* and regulatory T cells (CD4+*CD25%), as observed
with Dose 1 (500 mg/kg BW). In contrast, a higher dosage of Dose 2 (1,500 mg/kg
BW) did not yield significantly better results in terms of glucose reduction or immune
modulation, indicating that increasing the dose does not improve efficacy. Therefore,
the recommended dosage for therapeutic use is 500 mg/kg BW, as it provides
effective metabolic and immune benefits without the need for higher doses. Future
studies should aim to validate these findings in clinical trials and assess the long-
term safety of C. alata extract in GDM management.
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	Hyperglycemia in pregnancy is a type of physiological adaptation of metabolism and normally occurs during pregnancy (Modzeleweski et al., 2022). The purpose of metabolic adaptations during pregnancy was to assist fetal development, especially in terms...
	Gestational diabetes mellitus (GDM) is a reference to high blood glucose levels (>200 mg/dL) during pregnancy. The International Diabetes Federation (IDF) estimated the prevalence of GDM reached 16.7% of births annually in 2021 and will keep on increa...
	The effects of hyperglycemia cause failure of the immune cells to reduce inflammation in GDM. Disruptions in the immune response cause an imbalance in the body's condition. It leads to excessive inflammatory conditions caused by increased pro-inflamma...
	Candle bush has previously been thoroughly researched in terms of numerous bioactivities derived from all sections of the plant, including leaves, seeds, stems, twigs, and flowers. Candle bush has antimicrobial, antifungal, anticryptococcal, antibacte...
	Candle bush leaf extract has great potential as an anti-diabetic drug in GDM as shown by previous studies (Yakubu et al., 2010; Kazeem et al., 2015; Naowaboot and Piyabhan, 2016; Onyegeme-Okerenta and Anacletus, 2017). Candle bush leaf has also been u...
	There are limited studies regarding the administration of herbal extracts in pregnant conditions. Effective medication is required to avoid the harmful effects of GDM. Based on previous research, it has been determined that a dosage of 500 mg/kg BW is...
	MATERIAL AND METHODS
	Materials
	The leaves of Candle bush (C. alata) were obtained from UPT Materia Medica Batu during the dry season, with sample number 220110.KPC.F.KJY.001. The plant was identified by Materia Medica Batu with the identification number 067/892/102.20/2023. A total...
	Extraction
	Leaves of Candle bush that had been dried and processed then were turned into simplicia or powder form (8 kg fresh leaf sample into 2 kg simplicial sample). Simplicia was extracted by maceration with distilled water as a solvent. Simplicia with the am...
	GDM mice model
	This experiment was conducted in the Laboratory of Animal Physiology (Malang, Indonesia) from August until September 2023. The ethical approval was obtained from Brawijaya University research ethics commission for animal care and use committee (No:108...
	GDM treatment
	Pregnant mice were randomly assigned to various groups: normal pregnant, GDM, Metformin (GDM mice treated with metformin 307 mg/kg BW), Dose 1 (GDM mice treated with CBE 500 mg/kg BW), and Dose 2 (GDM mice treated with CBE 1500 mg/kg BW) with 5 mice f...
	Immunostaining and flow cytometry
	Twenty-five pregnant mice were sacrificed by neck dislocation method on GD18 to examine CD4+CD25+, CD4+, CD8+, and insulin-expressing cells alongside tissue histology. The pancreas and spleen were isolated and immunostained. Extracellular staining of ...
	Extracellular staining
	Fifty microliters of isolated spleen samples were placed in a 1.5 mL microtube in preparation for extracellular staining of antibodies. Samples were added with  50 μL of extracellular antibodies (anti-CD4-FITC, anti-CD8-PE, and CD25-PE) (BioLegend, US...
	Intracellular staining
	Fifty microliters of isolated pancreas samples were placed in a 1.5 mL microtube in preparation for intracellular staining of antibodies. Samples were added with 50 μL of cytofix and incubated in low light conditions at 4 C for 20 minutes. Samples wer...
	Histology analysis
	The pancreas was isolated to make histology slides. It was immersed in 10% formalin and the paraffin block method was performed. Paraffin blocks were sliced using microtome with 6-8 µm thickness and placed on a glass slide. Samples were then deparaffi...
	DPPH assay
	The antioxidant activity of CBE was assessed using the DPPH compound as a free radical to evaluate the extract's capability to scavenge free radicals. The DPPH assay followed the methodology outlined by Sari et al. (2023) with a few modifications. In ...
	Statistical analysis
	All data obtained from this research were statistically analyzed using One-Way ANOVA and Tukey HSD follow-up test to assess the differences between groups with n=5 for each group (five mice for each group). Statistical analysis was conducted using Gra...
	RESULTS
	Blood glucose level on gestational diabetes mellitus
	Pregnancy has an effect on rising blood glucose levels (Table 1). The increase in blood glucose in the Normal mice group has an increasing trendline during the study period. Blood glucose levels in all mice started at 126.4 ± 19.07 mg/dL without treat...
	GDM mice in the treatment groups which include CBE and metformin showed a decrease in blood glucose levels (Table 1). Metformin administration reduced blood glucose levels by 190 ± 25.96 mg/dL with no significant difference from the Normal group. In t...
	Table 1. Blood glucose level on GDM.
	Note: one-way ANOVA and Tukey HSD analysis p<0.05 is considered statistically significant. Different letter annotation means it is significantly different between groups. Normal = Normal mice group (n = 5); GDM = Gestational diabetes mellitus mice gro...
	Pancreatic cell condition after extract administration during gestational diabetes mellitus
	The pancreas has a vital role during GDM. The number of cells expressing insulin in the Normal pregnant group of mice was elevated and this increase correlated with glucose levels in the Normal pregnant mice (Figure 1). The increase of cells that expr...
	Figure 1. Pancreas histology and insulin-expressing cells in the pancreas: histology of pancreatic islet (200x magnificent) a); flow cytometry plot of insulin-expressing cells in the pancreas b); Statistical comparison of insulin-expressing cells in t...
	Treatment groups (metformin and CBE) have an effect on insulin-expressing cells and pancreas histology (Figure 1). Metformin treatment was shown to be not effective in increasing cells that express insulin. It was shown by the value of 25.18 ± 0.18%, ...
	Inflammatory response in CD4+ and CD8+ cells were suppressed after treatment intervention
	Immune cells known as CD4+ and CD8+ cells serve as markers of inflammation in this study. Normal pregnant mice showed relatively low numbers of cells at 13.55 ± 1.30% in CD4+ and 4.91 ± 0.85% in CD8+ (Figure 2). In GDM condition, CD4+ and CD8+ cells i...
	Figure 2. Relative number of CD4+ and CD8+ cells in the study: Flow cytometry plot of CD4+ and CD8+ cells  a); Statistical comparison of CD4+ cells after flow cytometry analysis of all group in the study b); Statistical comparison of CD8+ cells after ...
	Counterbalance response in anti-inflammatory cell expression (CD4+ CD25+) were boosted after extract treatment
	Tregs or CD4+CD25+ cells serve as markers of anti-inflammation or immunosuppressive cells in this study. The Normal group has shown a low number of CD4+CD25+ cells at 0.88 ± 0.09% (Figure 3a). The GDM and metformin groups showed that there was no incr...
	Figure 3. Relative number of CD4+CD25+ cells on spleen during GDM condition: Flow cytometry plot of CD4+CD25+ cells  a); Statistical comparison of CD4+CD25+ cells after flow cytometry for all groups in the study  b). Normal = Normal mice group (n = 5)...
	Antioxidant activity of candle bush extract
	The CBE extract exhibited bioactivity as an antioxidant agent, as demonstrated by the DPPH assay (Figure 4). CBE, at concentrations of 31.25, 62.5, 125, 250, and 500 μg/ml, demonstrated scavenging activity against the DPPH compound. The IC50 for CBE w...
	Figure 4. Antioxidant activity of CBE using DPPH assay to test free radical scavenging ability of CBE.
	DISCUSSION
	Pregnancy has an effect on rising blood glucose levels (Table 1). The increase in all groups is a result of the body response to increased glucose demand and insulin resistance during pregnancy (Sharma et al., 2022). Before entering the second and thi...
	The increase of blood glucose in the Normal mice group has an increasing trendline during the study period (Table 1). However, the blood glucose level remained below hyperglycemia condition (<200 mg/dL) at GD18, with an average of 140 ± 17.98 mg/dL. T...
	In this study, GDM models were induced using i.p injection of STZ and NA.  NA will provide protection to the pancreas while STZ will increase blood sugar levels by disrupting the pancreas and keeping blood glucose levels high which will lead to failur...
	The GDM disease caused a significant increase in blood glucose in this study (Table 1). Blood glucose levels in all groups of mice with GDM were greater than 200 mg/dL. In the group of GDM mice without treatment, the increase in blood glucose became h...
	Treatments of CBE and metformin will help to manage GDM adverse effects besides lifestyle interventions (exercises and diet) (Plows et al., 2018). Both treatments (metformin and extract) has an effect on blood glucose levels and insulin-expressing cel...
	Both CBE groups reduced blood glucose levels in GDM conditions, albeit not significantly. Blood glucose levels in the Dose 1 and Dose 2 groups were 251.4 ± 38.30 mg/dL and 259.6 ± 45.46 mg/dL, respectively (Table 1). Additionally, the decrease in bloo...
	Pancreas structure and function were improved during treatment with CBE. The repair process showed the structure of the pancreas was maintained to keep the cell cohesion and it returned to normal size and function (Figure 1). During GDM conditions, th...
	Pancreas function is related to the ability to produce insulin to maintain blood glucose in the body. Both CBE groups showed improvement in pancreas function by increasing insulin-expressing cells significantly when compared to the GDM group (Figure 1...
	The effectiveness of CBE in reducing diabetes was proven by increasing insulin-expressing cells in the pancreas in this study. The secondary metabolic component of Candle bush leaf plays an important role in its anti-diabetic properties. Previous stud...
	The immune response is crucial for maintaining homeostasis. Immune cells known as CD4+, CD8+, and Tregs serve as markers of inflammation. Increased CD4+ and CD8+ cells are associated with pro-inflammatory responses, while increased Tregs expression is...
	The Candle bush leaf extract possesses anti-diabetic and also anti-inflammatory properties (Oladeji et al., 2020). The Metformin and CBE groups in this study were able to reduce inflammation close to the Normal group levels in CD8+ cells (Figure 2). T...
	The inflammatory response during pregnancy must be controlled immediately to prevent fetal miscarriage due to cytotoxic cell activity. As a form of adaptation, the mother's immune cells will enhance immunosuppressive activity to decrease inflammation ...
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