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Abstract

Type 1 diabetes (T1D) is a disease caused by pancreatic beta-cell injury due to high pro-inflammatory cytokines. TNF-a and
IFN-y are pro-inflammatory cytokines that play a role in T1D progression. Moringa oleifera (MO) and albumin (A) have
anti-inflammatory and antidiabetic effects. The combination of both can works synergistically in suppressing the production
of pro-inflammatory molecules. This study was conducted using five different groups (healthy mice, T1D, D1, D2, and D3).
A dose of 145 mg/kg BW streptozotocin was used to induce T1D in mice. Moringa oleifera and albumin formulation
(MOA) were orally administered for 14 days. Dose 1 (800 mg/kg MO:800 mg/kg A), dose 2 (615 mg/kg MO:615 mg/kg A),
and dose 3 (800 mg/kg MO:615 mg/kg A). On day 15, hepatic cells from mice were isolated post-treatment, and the profile
of NK*TNF-a* and NK*IFN-y* were analyzed by flow cytometry. This study reports that MOA administered in D3 more
effectively suppresses TNF-a and IFN-y produced by NK cells. MOA could be synergies work to decrease or suppress the
level TNF-o and IFN-y in T1D. So, administered MOA had the potential to be used as an alternative medicine for DM.
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1. Introduction

Type 1 diabetes (T1D) is a disease caused by the
destruction of pancreatic beta cells resulting in an absolute
or relative deficiency in insulin production. The poverty of
insulin leads to hyperglycemia (Simmons and Michels,
2015). The failure of pancreatic beta cells to produce
insulin is closely related to NK and regulatory T cell
function loss (Graham et al., 2012). Infiltration of
autoreactive T cells and Natural Killer (NK) cells in
Langerhans islets lead to the progression of diabetes
because of the increased secretion of pro-inflammatory
cytokines (Nekoua et al., 2020). Tumor Necrosis Factor-
Alpha (TNF-a) dan Interferon-Gamma (IFN-y) are pro-
inflammatory cytokines most prominent produced by NK
cells (Fauriat et al., 2010). NK cells are one of the
immunocompetent cells that increased inflammatory
progression in diabetes mellitus (DM) by producing TNF-
o and IFN-y. Increased pro-inflammatory cytokines can
cause chronic inflammation in the tissue (Abel et al.,
2018).

The high levels of TNF-o could induce dendritic cell
activation that causes activation of T cells, which are

* Corresponding author e-mail: immunobiology@ub.ac.id.

mediators of damage to pancreatic B cells (Lee et al.,
2005). TNF-a can activate the transcription factor nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-
kB) which plays a role in the secretion of pro-
inflammatory cytokines (Patel and Santani, 2009). IFN-y
and TNF-a play a role in autoimmunity in DM and
apoptosis of pancreatic  cells. The increase in IFN-y
causes activation of macrophages and CD8 T cells, which
causes damage to pancreatic B cells through TNF-0 and
interleukin (IL)-1P secretion (Tsiavou et al., 2004). T1D is
disease-related with numerous factors such as genetic,
environmental, low insulin production due to pancreatic B
cell damage, and uncontrolled secretion of pro-
inflammatory cytokines (Marrack et al., 2001; Cerf,
2013). Based on these factors, an effective treatment is
needed in treating DM. Currently, treatment focuses on
managing blood sugar levels with insulin and synthetic
drug consumption to prevent complications. However,
as we know, long-term use of synthetic drug lead to
harmful side effects. Natural treatment is considered
due to having many benefits without causing harmful
side effects.

In this experiment, we have the purpose of
investigating the effect of MOA on the T1D mice model

** Abbreviations: ANOVA: analysis of variance;BW: body weight ;DM: diabetes mellitus ;H202: hydrogen peroxide ;IFN-y: Interferon-
Gamma;IL: interleukin;MO: Moringa oleifera ;NF-kB: transcription factor nuclear factor kappa-light-chain-enhancer of activated B
cells;NK: Natural Killer;PB: peripheral blood ;PBS: phosphate buffer saline; SH: sulfhydryl ; STAT4: signal transducer and activator of
transcription4;STZ: streptozotocin ;T1D: Type 1 diabetes; TACE: tumor necrosis factor-alpha converting enzyme ;TNF-o: Tumor Necrosis

Factor-Alpha
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through to control the TNF-a and IFN-y production by
NK cells. MOA consists of a combination of Moringa
oleifera and Toman fish albumin (Channa micropeltes).
Combining natural ingredients is expected to form a
complex that works synergistically to maximize the
natural compound's efficacy. Moringa oleifera has been
known as a traditional medicine in various kinds of
diseases. The effectiveness of Moringa oleifera was
attributed to bioactive compounds such as phenol,
flavonoid, alkaloid, glucosinolate, B-sitosterol-3-O-p-D-
glucoside, isothiocyanate, tannin, terpenoid, and
saponin (Lopez et al., 2018). In addition, MO has many
beneficial properties such as anti-inflammatory,
antimicrobial, antioxidant, anticancer, cardiovascular,
antidiabetic, and diuretic effects (Osman et al., 2012;
Bhattacharya et al., 2018). Albumin from fish can serve
as an alternative to fulfill albumin in the body.
Moreover, albumin has a group sulthydryl (-SH), which
plays a role and functions as a free-radical scavenger
(Quilan et al., 2005).

2. Materials and Methods

2.1. Experimental animals protocol

Animals used in this experiment were male BALB/c
mice, obtained from Malang Murine Farm, Singosari,
Malang, East Java, Indonesia. A total of 25 normal
BALB/c male mice were 8-10 weeks with body weight
(BW) around 25-30 g maintained in a pathogen-free
chamber with controlled conditions. They had free access
to standard pellet feed and water daily during the
experiment period. Experimental mice were divided into
five treatment groups: healthy mice, T1D mice model, and
T1D mice model administered with three different doses
(D1, D2, and D3). These experiments' protocols were
carried out and internationally accepted and permitted by
the Ethical Committee of Brawijaya University, Malang,
Indonesia (Reg. No. 1180-KEP-UB).

2.2. Animal models type 1 diabetes

The induction of T1D was conducted by DiaComp
Protocols (Brosius, 2015) with modification. TID was
induced by a single intraperitoneal (i.p.) injection of
freshly prepared streptozotocin (STZ) (Bioworld, USA) at
a dose of 145 mg/kg BW in 0.1 M citrate buffer (pH 4.5).
The mice fasted for 4-6 hours before injection. The blood
glucose levels were measured at six days post-injection of
STZ with a glucometer. Mice were considered to suffer
from diabetes if blood glucose level >200 mg dL ™.

2.3. Preparation and oral treatment of Moringa oleifera-
Albumin combination

MOA consists of a combination of Moringa oleifera
and albumin from Toman fish (Channa micropeltes).
Moringa oleifera (MO) leaves were collected from the
Materia Medica Batu, Malang, Indonesia. A total of 50 g
of MO powder were boiled in 500 mL of water for 5
minutes and filtered to obtain MO extract before stored in
a freezer at -80°C for 24 hours. The frozen extract was
then evaporated with a freeze dryer. Albumin was obtained
from IFALMIN® manufactured by Ismut Fitomedika,

Makassar, Indonesia. IFALMIN® is a product derived
from Toman fish extract. MOA combination was given
orally to T1D mice for 14 days with three different doses.
All doses we showed here are adjusted to mg/kg BW.
Dose 1 (800 mg/kg BW MO:800 mg/kg BW A), dose 2
(615 mg/kg BW MO:615 mg/kg BW A), and dose 3 (800
mg/kg BW MO:615 mg/kg BW A). On day 15, all of the
mice were sacrificed post-treatment for flow cytometry
analysis.

2.4. Isolation of liver organ and Flow cytometry analysis

On day 15 of this experiment, the mice were sacrificed
by dislocation and then dissected for liver isolation. In our
study, we used the liver for analysis of the NK cell that
produces TNF-o and IFN-y. According to Sun et al (2013),
the percentage of NK cells in the liver is higher than in the
spleen and peripheral blood (PB). The liver was isolated
and washed in a petri dish containing sterile phosphate
buffer saline (PBS). Cells from mice's liver were isolated
by crushing liver in PBS. The cell suspension was
removed to the polypropylene tube, and added with PBS.
Homogenates of the cell were centrifuged at 2500 rpm, 10
°C, for 5 min. Pellet was resuspended in 1 mL of PBS and
divided into 1 mL microtube. Intracellular cytokine
staining was performed with a Cytofix/Cytoperm kit
(Biolegend BD Sciences) according to the protocol
presented by the manufacturer. Cells were incubated with
anti-TNF-a and anti-IFN-y antibodies. Before intracellular
staining, cells were subjected to surface molecules staining
with anti-NK. The antibodies were applied at a
concentration of 0.005 mg/100 pL. The cells stained with
extracellular and intracellular antibodies were added with
PBS of 300-500 pL and transferred to cuvettes to be
analyzed with flow cytometry.

2.5. Data Analysis

The data from flow cytometry were analyzed by BD.
cell quest PRO™ software, then tabulated using Microsoft
Excel for statistical analysis. The statistical analysis was
executed by SPSS version 16 for windows. Data were
analyzed using a one-way analysis of variance (ANOVA)
(p < 0.05) followed by the Tukey test to decide the
significant difference among treatments.

3. Results

T1D mouse groups models had the highest profile of
cytokine pro-inflammatory than the normal groups (p <
0.05), including the relative number of TNF-a and IFN-y
production by NK cells (NK*TNF-a*and NK'TFN-y*). TID
mouse groups were treated using three different doses of
MOA. All of the doses giving various effects after post-
treatment in suppressing TNF-o and IFN-y production by
NK cells. DI and D3 have a significant impact on
decreasing the relative number of NK*TNF-a* (figure 1).
Meanwhile, D2 does not have a significant impact.
Furthermore, D2 and D3 were significantly able to reduce
the relative number of NK*TFN-y* compared to D1 (figure
2). Thus, in this study, D3 as a whole affected suppressing
TNF-o and IFN-y expressed by NK cells.
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Figure 1. The administration of MOA in T1D mice model can suppress the relative number of NK"TNF-a". Normal = healthy mice; TID =
mice STZ induced; D1 = T1D + dose 1 (800 mg/kg BW (MOL) : 800 mg/kg BW (I)); D2 =TID + dose 2 (615 mg/kg BW (MOL) : 615
mg/kg BW (I)); D3 = T1D + D3 (800 mg/kg BW (MOL) : 615 mg/kg BW (I)). Mice were sacrificed and analyzed using flow cytometry
(left) on day 15 and tabulated into Microsoft Excel (right). The data are mean+SD in each group with p value < 0.05.
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Figure 2. The administration of MOA in T1D mice model can suppress the relative number of NK'IFN-y". Normal = healthy mice; T1D =
mice STZ induced; D1 = T1D + dose 1 (800 mg/kg BW (MOL) : 800 mg/kg BW (I)); D2 = T1D + dose 2 (615 mg/kg BW (MOL) : 615
mg/kg BW (I)); D3 =T1D + D3 (800 mg/kg BW (MOL) : 615 mg/kg BW (I)). Mice were sacrificed and analyzed using flow cytometry
(left) on day 15 and tabulated into Microsoft Excel (right). The data are mean+SD in each group with p value < 0.05.

4. Discussion

T1D is also known as insulin-dependent diabetes
mellitus (IDDM) (Arora et al., 2009). People with T1D
generally rely on insulin injections to regulate their sugar
metabolism. Type I diabetes resulted from deficiency or
failure of the pancreatic islet to secrete insulin. Insulin is a
hormone with a pivotal role that served the body to make
blood glucose available to cells (Rifa'i et al., 2018). If the
levels of insulin are low in the long term, it will cause
hyperglycemia. Hyperglycemia is a condition of
high blood glucose levels exceeding normal limits
(Balakrishnan et al., 2012; Mohamed et al., 2016),
resulting in oxidative stress that causes tissue damage in
the liver. Tissue damage in the liver causes further
disruption of glucose metabolism, resulting in increased
ROS and pro-inflammatory cytokines production, such as
TNF-a (Zwirner and Ziblat, 2017). NK cells can produce
TNF-a. The high level of TNF-a in DM causes an
inflammatory response that worsening health in DM. In
addition to TNF-a, IFN-y is also known to play a role in
the inflammatory response. According to Zwirner and
Ziblat (2017), the high levels of secretion of IFN-y by NK
cells were mediated by the activation of signal transducer
and activator of transcription4 (STAT4) promoted by IL-
12.

MOA consists of Moringa oleifera and Toman fish
albumin. The administration of MOA in T1D mice can
decrease inflammatory responses. The combination of
bioactive compounds from MOA can work synergistically
to reduce the level of TNF-a and IFN-y produced by NK
cells. The previous study showed that MO and albumin
have a role as an antioxidant that suppresses ROS
production. The high level of oxidative stress will trigger
inflammatory factors such as the transcription factor Nf-xB
and various cytokines such as IFN-y and TNF-o. In this
study, the MOA's high antioxidant content was able to
work synergistically to prevent oxidative stress. Albumin
has the amino acid cysteine (cyst 34), which acts as a ROS
scavenger such as hydrogen peroxide (H202) and inhibits
lipid peroxidation. Albumin also inhibits the activation of
the transcription factor NF-kB and modulate intracellular
GSH levels. Albumin has many sulthydryl (-SH) groups
that can bind free radicals that cause oxidative stress
(Taverna et al., 2013).

MOA administration of various doses has yielded
varying results. The MOA administration at D3 was able
to significantly suppress the level of TNF-a and IFN-y
produced by NK cells (Figures 1 and 2). Actually,
administration of MOA at D1 and D2 was able to
suppress, but not significantly. In figure 1, at D1 MOA
could suppress the level of TNF-a, but the administration
at D2 was increased and decreased in administration at D3,
whereas, in figure 2, D2 and D3 significantly could
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decrease the level of IFN-y. Administration at D1 is still
not able to significantly reduce IFN levels. Based on these
results, it can be assumed that MOA is an
immunomodulator. This is because MOA can control the
production of cytokine by NK cells, wherein certain doses
of MOA can suppress, but on the other hand MOA also
increase the level of cytokine.

The decline production of TNF-o and IFN-y by NK
cells post-treatment indicates a reduction in inflammation
and improved homeostasis in TID model mice. The
presence of flavonoids in MOA plays a role in the
mechanism of inhibiting the activation of the transcription
factor NF-kB and the activity of tumor necrosis factor-
alpha converting enzyme (TACE) in the synthesis of TNF-
a. One of the receptors that regulate the activation of NK
cells is the NKG2D receptor. Generally, the NKG2D
ligand is expressed by stress cells. The binding between
NKG2D and NKG2D ligands causes an increase in TACE
activity and TNF-o secretion (Sharma et al., 2017).
Inhibition of TACE by flavonoids can reduce the
production of TNF-a by NK cells (Gesso et al., 2015).
MOA is also known to contain B-sitosterol-3-O-B-D-
glucoside, which suppresses IL-12 production by dendritic
cell or macrophage, which activates STAT4 in NK cells,
resulting in a decrease of IFN-y production (Jimenez et al.,
2017; Ma et al., 2018).

5. Conclusions

MOA has a potential role as an anti-inflammatory agent
in mice models of TID by controlling TNF-a and IFN-y
production in NK cells. Administration of MOA decreases
the number of NK' IFN-y © and NK * TNF-a* cell
expression and is close to normal control.

Acknowledgement

The authors would like to gratefully thank all the
colleagues in the Laboratory of Animal Anatomy and
Physiology, Biology Department, Brawijaya University for
participation in this research.

References

Abel AM, Chao Y, Thakar MS, Malarkannan S. 2018. Natural
killer cells: Development, maturation, and clinical utilization.
Front Immunol., 9: 1869-1888.

Arora S, Ojha SK and Vohora D. 2009. Characterization of
streptozotocin-induced diabetes mellitus in swiss albino mice.
Glob J Pharmacol., 3(2): 81-84.

Balakrishnan S, Singh B, Gill GS, Kaliappan I and Dubey GP.
2012. Evaluation of antihyperglycemic and other complication
effects of extracts of Thespesia lampas dalz and gibs on
streptozotocin induced diabetic rats. Jordan J Biol Sci., 5(3): 161-
166.

Bhattacharya A, Tiwari P, Sahu PK and Kumar S. 2018. A review
of the phytochemical and pharmacological characteristics
of Moringa oleifera. J Pharm Bioallied Sci., 10(4): 181-191.
Brosius, F (2015). "High-Dose Streptozotocin Induction Protocol
(Mouse)." Diabetic Complications Consortium,
https://www.diacomp.org/ (Jul. 3, 2020).

Cerf ME. 2013. Beta-cell dysfunction and insulin resistance.
Front Endocrinol., 4: 37.

Fauriat C, Long EO, Ljunggren HG and Bryceson YT. 2010.
Regulation of human NK-cell cytokine and chemokine production
by target cell recognition. Blood., 115(11): 2167-2176.

Gesso GL, Kerr JS, Zhang Q, Raheem S, Yalamanchili SK,
O'Hagan D, Kay CD and O'Connell MA. 2015. Flavonoid
metabolites reduce tumor necrosis factor-a secretion to a greater
extent than their precursor compounds in human THP-1
monocytes. Mol Nutr Food Res., 59(6): 1143-1154.

Graham KL, Sutherland RM, Mannering SI, Zhao Y, Chee J,
Krishnamurthy B, Thomas HE, Lew AM and Kay TWH. 2012.
Pathogenic mechanisms in type 1 diabetes: the islet is both target
and driver of disease. Rev Diabet Stud., 9(4): 148-168.

Jimenez MV, Almatrafi MM and Fernandez ML. 2017 Bioactive
components in Moringa oleifera leaves protect against chronic
disease. Antioxidants., 6(4): 34-47.

Lee LF, Xu B, Michie SA, Beilhack GF, Warganich T, Turley S
and Mcdevitt HO. 2005. The role of TNF-a in the pathogenesis of
type 1 diabetes in the nonobese diabetic mouse: Analysis of
dendritic cell maturation. Proc Natl Acad Sci USA., 102(44): 595-
600.

Lopez AV, Mora DA, Paulino OD, Mora AG, Vitela MR, Quiroz
LA and Nuno K. 2018. Effect of Moringa oleifera consumption
on diabetic rats. BMC Complement Altern Med., 18(1): 127.

Ma N, Tang Q, Wu WT, Hu XA and Hu Q. 2018. Three
constituents of Moringa oleifera seeds regulate the expression of
Thl7-relevant cytokines and ameliorate TPA-induced psoriasis-
like skin lesions in mice. Molecules., 23(12): 32-56.

Marrack P, Kappler J and Kotzin BL. 2001. Autoimmune
disease: Why and where it occurs. Nat Med., 7(8): 899-905.

Mohamed J, Nafizah AHN, Zariyantey AH and Budin SB. 2016.
Mechanisms of diabetes-induced liver damage the role of
oxidative stress and inflammation. Sultan Qaboos Univ Med J.,
16(2): 132-141.

Nekoua MP, Dechaumes A, Sane F, Alidjinou EK, Moutairou K,
Yessoufou A and Hober D. 2020. Enteroviral pathogenesis of type
1 diabetes: The role of natural killer cells. Microorganisms., 8(7):
989.

Osman HM, Shayoub ME and Babiker EM. 2012. The effect of
Moringa oleifera leaves on blood parameters and body weights of
albino rats and rabbits. Jordan J Biol Sci., 5(3): 147-150

Patel S and Santani D. 2009. Role of NF-«B in the pathogenesis
of diabetes and its associated complication. Pharmacol Reports.,
61(4): 595-561.

Quilan GJ, Martin GS and Evans TW. 2005. Albumin:
Biochemical properties and therapeutic potential. Hepatology.,
41(6): 1211-1219.

Rifa’i M, Wahyuningsih MD, Lestari ND, Mansur I, Aris S and
Hideo T. 2018. Bioactivity of cherry (Muntingia calabura L.)
leaves extract for IL-6 production and NF-B activity in
hyperglycemic BALB/c mice. Med Plants., 10(4): 305-311.
Sharma N, Trinidad CV, Trembath AP and Markiewicz MA.
2017. NKG2D signaling between human NK cells enhances
TACE-mediated TNF-a release. J Immunol., 199(8): 2865-2872.
Simmons KM and Michels AW. 2015. Type 1 diabetes: A
predictable disease. World J Diabetes., 6(3): 380-390.

Sun H, Sun C, Tian Z and Xiao W. 2013. NK cells in
immunotolerant organs. Cell Mol Immunol., 10(3): 202-212.
Taverna M, Mariel AL, Mira JP and Guidet B. 2013. Specific
antioxidant properties of human serum albumin. Ann Intensive
Care., 3(1): 21-33.

Tsiavou A, Degiannis D, Hatziagelaki E, Koniavitou K and Raptis
SA. 2004. Intracellular IFN-y production and IL-12 serum levels
in latent autoimmune diabetes of adults (Lada) and type 2
diabetes. J Interf Cytokine Res., 24(7): 381-387.

Zwirner NW and Ziblat A. 2017. Regulation of NK cell activation
and effector functions by the IL-12 family of cytokines: The case
of IL-27. Front Immunol., 8: 56-68.



