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Abstract

ACKGROUND: Malnutrition is a global health concern that results in changes in nutritional status, as indicated
by alterations in phenotypic markers, hematological and biochemical parameters, and increased susceptibility to
infection, as shown by decreased interleukin (IL)-2 levels. Andrographolide, the active component of Andrographis
paniculata, stimulates the immune system and exhibits antibacterial and antiviral activity. Therefore, A. paniculata may
serve as a potential adjuvant therapy for malnutrition. This study was conducted to analyze the effect of A. paniculata as an
immunomodulator against malnutrition with characteristics of environmental enteric dysfunction (EED) and a low-protein
diet by examining phenotypic markers, hematological, biochemical, and IL-2 levels.
METHODS: Forty-five male Wistar rats were divided into seven groups. They were fed either a standard or a low-protein diet
before receiving oral administration of various concentrations of 4. paniculata leaf extract (APLE). APLE was administered
21 days after the initial low-protein diet. Hematological, biochemical, and phenotypic markers were assessed to determine the
nutritional status of the rats. The protective effects of APLE were evaluated by measuring IL-2 levels using enzyme-linked
immunosorbent assay (ELISA).
RESULTS: Malnourished rats exhibited slow body growth, physical and behavioral changes, reduced leukocyte count, total
protein, albumin, cholesterol, and villi length. Malnourished rats treated with APLE showed a more effective and significant
increase in IL-2 levels, with higher concentrations of APLE resulting in higher IL-2 levels.
CONCLUSION: APLE, in a concentration-dependent manner, can increase IL-2 levels, suggesting that APLE may have
potential protective effects in a rat model of malnutrition.
KEYWORDS: Andrographis paniculata, environmental enteric dysfunction, interleukin (IL)-2, low protein, malnutrition
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experienced wasting, with 13.6 million being severely

Introduction malnourished.(2)

The most prevalent type of malnutrition worldwide

Malnutrition occurs when macronutrients such as is protein-energy malnutrition (PEM), which can be

carbohydrates, proteins, and fats, as well as micronutrients
such as vitamins and minerals, are not consumed in adequate
amounts.(1) By 2022, there were 148.1 million stunted
children worldwide. Among them, an estimated 45 million

@ ® @ Copyright © 2024 The Prodia Education and Research Institute.
BY NC This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International (CC-BY-NC) License.

classified into three stages: kwashiorkor, marasmus, and
marasmic-kwashiorkor.(3) Previous studies have shown
that malnutrition, particularly PEM, leads to global human
immunodeficiency and is intimately linked to infections.(4)
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Millions of malnourished individuals, primarily youngsters
under five years of age, frequently pass away from infections.
(5) The host's capacity to fight infection is compromised by
low nutrient intake, which also damages innate and acquired
immunity and impairs the function of cells and organs.(6)
The host’s nutritional condition influences its vulnerability
to infectious illnesses, hinders nutrient absorption, and
exacerbates malnutrition.(4,7) It is crucial to understand
how malnutrition aggravates illnesses and how nutrition
prevents them because of this inherent relationship and the
high mortality rate caused by malnutrition.(8)

Stunting and cognitive deficits are caused by a vicious
cycle exacerbated by malnutrition and environmental
enteric dysfunction (EED).(9) Among other characteristics,
intestinal hyperpermeability inflammation and villus
blunting are indicative of malfunctioning of the intestinal
barrier that characterizes EED.(10) EED was created using
a mouse undernutrition model that triggers the enteric
breakdown of the gut barrier. A diet lacking protein causes
undernutrition, and indomethacin causes small-intestinal
damage.(11)

Malnutrition resulting from dietary restriction and
severe hunger is known to cause a series of metabolic changes
that lead to reduced body mass, decreased immune function,
and alterations in digestive system function, particularly in
the liver and small intestine. Biochemical parameters, such
as lower glucose, triglycerides, and serum proteins, such as
albumin, are commonly used to assess nutritional status.
(12) A lack of nutrients, such as proteins, can impair many
biological processes, including leukopoiesis, compromising
the immune response and resulting in leukopenia.(13)
Cytokines such as interleukin (IL)-12, IL-18, and IL-21
play crucial roles in the differentiation of Thl cells. In
malnourished children, the gene and protein expression of
these cytokines, as well as the plasma levels of IL-12, are
reduced, leading to lower concentrations of interferon (IFN)-y
and I1L-2.(14) To address the root causes of malnutrition,
interventions should focus on improving nutrition and
preventing related diseases.(15) Some herb drugs can be
used as alternative treatment against malnutrition and have
been studied, among them are Moringa oleifera, Spirulina,
and bee pollen. Additionally, alternative treatments such as
herbal medicines, such as Andrographis paniculata, can
boost the immune system to protect against infections and
prevent the outcome of the worsening of pathophysiological
processes.

Several studies reported that 4. paniculata has the
potential as an antimicrobial, regulates the balance of pro-
inflammatory and anti-inflammatory immune responses,

219

Print ISSN: 2085-3297, Online ISSN: 2355-9179

maintains host cells to fight infection, reduces drug side
effects, and is an alternative therapy to boosts the immune
system.(16) Andrographolide, a labdane diterpenoid is the
most bioactive compound isolated from A. paniculata,
enhances the proliferation and secretion of IL-2 (17),
treatment with andrographolide reduces histopathological
alterations in villus height and crypt depth (18). This study
was conducted to analyze the effect of A. paniculata as
an immunomodulator in a model of malnutrition with
characteristics of environmental enteric dysfunction (EED)
and a low-protein diet by examining phenotypic markers
and hematological, biochemical, and IL-2 levels.

Methods

Preparation of Purified A. paniculata Leaf Extract
(APLE)

A. paniculata plants were purchased from and identified
by CV Indonegri (Malang, Indonesia) with specimen No.
#23032192890. Simplicia of 4. paniculata leaves were oven-
dried and ground into a fine powder using a grinder. Dried
ground powder of 4. paniculata was extracted by maceration
with 95% ethanol and stirred for 24 h. After filtration, the
filtrate was collected and the sediment was re-extracted five
times. The macerate was filtered using a vacuum pump and
evaporated using a rotary evaporator at 40°C to obtain a
viscous extract. The ethanol extract was then analyzed using
thin-layer chromatography (TLC CAMAG Linomat 5 S/N
210989; Camag, Muttenz, Switzerland) to determine the
content of the active compound andrographolide (Cat No.
365645; Sigma-Aldrich, St. Louis, MO, USA).(19)

Malnutrition Animal Model
Forty-five male Wistar rats, aged between 4-5 weeks
and with an average weight of 81.6+2.15 grams were
selected from the farm stock. The rats were acclimated
with a standard diet and drink for seven days. Every trial
was conducted in a climate-controlled space with a 12/12
light/dark cycle. After each experiment, the rats were
euthanized by injecting a lethal dose of 1 mg/kg xylazine
and 40 mg/kg ketamine intraperitoneally. All protocols
for animal handling, management, and slaughtering were
authorized by the Health Research Ethics Committee of the
Universitas Hasanuddin Teaching Hospital, and Dr. Wahidin
Sudirohusodo Makassar Regional General Hospital (No.
58/UN4.6.4.5.31/ PP3612A23).

The diets were provided in pellet form, with the control
group and the low-protein group receiving 15 g of rat chow
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per day. The composition of the diets was detailed in Table
1.(20) The malnutrition group was fed at varying times each
day to induce malnutrition and to prevent the body from
adapting to nutritional restrictions. Water was provided ad
libitum in both experimental groups.

This study was a randomized controlled trial with
a post-test control group. Male rats were divided into
seven groups each consisting of five rats. Two groups
only received treatments for 21 days for the confirmation
of the malnourished rats model. Rats in the control group
(Control’) were fed a standard diet for 21 days. Rats in
the malnourished group (2%LP+IND”) were fed with low
protein 2% for 21 days, added with intraperitoneal injection
of 3.5 mg/kgBW/day indomethacin diluted in methyl
sulfoxide at day 14-21. Meanwhile the other 5 groups were
treated for 42 days. Rats in the control group (Control) were
fed a standard diet for 42 days. Rats in the malnourished
group (2%LP+IND) were fed with low protein 2% for 42
days, but added with intraperitoneal injection of 3.5 mg/kg
BW/day indomethacin diluted in methyl sulfoxide at day
14-21 only. Rats in the 2%LP+IND+AP1 group were fed
with low protein 2% for 42 days, added with intraperitoneal
injection of 3.5 mg/kgBW/day indomethacin diluted in
methyl sulfoxide at day 14-21, followed by 47.25 mg/
kgBW/day of APLE given orally at day 22-42. Rats in
the 2%LP+IND+AP2 group and 2%LP+IND+AP3 group
received similar treatment with 2%LP+IND+AP1 group,

Table 1. Composition of the experimental diets.

Nutrient Composition Standard Diet Low-Protein
Protein (%) 18.5 2.2
Carbohydrates (%) 38.9 72.3
Fat (%) 2.7 2.7
Metabolizable energy (kcal/kg) 3329 3306
Ingredients

Rice bran (g) 11 28
Ground corn (g) 18 12
Tapioca flour (g) 10 56
Soybean meal (g) 30 0.5
Fish flour (g) 28 0.5
Crude Palm Oil (g) 1 1

Premix’ (2) 2 2

Total (g) 100 100

'The following nutrients are provided per kg of feed: 24000 TU
vitamin A, 4000 IU vitamin D3, 16 IU vitamin E, 4 mg vitamin
K, 4 mg vitamin B1, 10 mg vitamin B2, 1 mg vitamin B6, 24 nug
vitamin B12, 240 mg manganese, 40 mg iron, 200 mg zinc, 0.4 mg
iodine, 12 mg calcium.
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with only difference in the concentration of APLE given,
which were 94.5 mg/kgBW/day and 189 mg/kgBW/day,
respectively (Figure 1).

Relative Organ Weight and Weight-for-Age (WA)
Measurement

The body weights of all rats were measured using a digital
scale on days 1, 3, 5, 7, 9, 11, 14, 21, 28, 35, and 42. To
analyze the effects of malnutrition on organs, the rats
were euthanized, and the spleen and liver were aseptically
removed and weighed on a digital scale. The relative organ
weight was calculated using the formula: (total organ
weight/body weight) x 100.

WA, a scale used to measure malnutrition in mice
based on body measurements, can be related to the human
scale of malnutrition. The WA calculation in rats, using a
malnutrition scale model, involves determining the weight
of the rats according to their age, the calculation of the WA in
rats involves employing the subsequent equation: (sacrifice
weight of the animal in diet group / expected weight based
on mice in the control diet) X 100%.(21) Following human
classification, the Anstead model suggests that rats with
WA values ranging from 76 to 90% can be categorized
as experiencing mild malnutrition.(21) Rats with WA
values between 61 and 75% were classified as moderately
malnourished. Lastly, rats with WA values <60% were
classified as severely malnourished.

Hematological, Biochemical, and IL-2 Analysis

On days 21 and 42, 1 mL of blood was collected from
the subjects via cardiac puncture for hematological,
biochemical, and IL-2 analyses. The blood sample was
centrifuged at 4000 revolutions per minute to separate the
serum. Hematological parameters were measured using a
Sysmex KX-21 hematology analyzer (Sysmex Corporation,
Kobe, Japan). Both hematological parameters and overall
blood cell count were subsequently determined. Biochemical
parameters were measured using a Biosystem automatic BA
200 biochemistry analyzer (Biosystems Diagnostic, Popesti-
Leordeni, Romania). Serum levels of various biochemical
parameters, including total protein, albumin, glucose, alanine
aminotransferase (ALT), cholesterol, and triglycerides, were
then assessed. The methods used to examine total protein
were biuret, albumin using bromocresol green (BCG),
glucose using GOD-PAP photometric, ALT using IFCC
kinetic photometric, cholesterol using (Cholesterol Oxidase
Peroxsidase Aminoantypirin) CHOD-PAP photometric, and
triglycerides using glycerol phosphate oxidase/peroxidase
(GPO-PAP) photometric. IL-2 levels were estimated using
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I Standard diet I
Control’ Day 1 Day 21
Hematology, biochemical, IL-2, histopathology
I 2% low-protein diet I
2%LP+IND’ Day 1 Day 14 Day 21
| ip.3.5 mgkeBW IND |
Hematology, biochemical, IL-2, histopathology
I Standard diet I
Control Day 1 Day 42
Hematology, biochemical, IL-2, histopathology
2% low-protein diet I
2%LP+IND Day 1 Day 14 Day 21 Day 42
| i.p.3.5 mgkeBW IND | T
Hematology, biochemical, IL-2, histopathology
I 2% low-protein diet I
2%LP+IND+AP1 Day 1 Day 14 Day21 Day22 Day 42
| i.p. 3.5 mg/kgBW IND | | Orally 47.25 mg/kgBW APLE |
Hematology, biochemical, IL-2, histopathology
I 2% low-protein diet I
2%LP+IND+AP2 Day 1 Day 14 Day 21 Day22 Day 42
I ip.35mgkgBWIND | | = Orally 94.5 mg/kgBW APLE |
Hematology, biochemical, IL-2, histopathology
I 2% low-protein diet I
2%LP+IND+AP3 Day 1 Day 14 Day 21 Day22 Day 42

| ip.3.5 mekeBw IND |

| orally 189 me/kgBW APLE |

T

Hematology, biochemical, IL-2, histopathology

Figure 1. Schematic diagram of the study design and timeline.

a highly specific rat IL-2 enzyme-linked immunosorbent
assay (ELISA) kit (Cat. RAB0288; Sigma-Aldrich, St.
Louis, MO, USA). Standards and samples pipetted into
the wells and IL-2 present in a sample was bound to the
wells by the immobilized antibody. The wells were washed,
and biotinylated anti-rat IL-2 antibody was added. After
washing away unbound biotinylated antibodies, HRP-
conjugated streptavidin was pipetted to the wells. The wells
were washed, and a TMB substrate solution was added to
the wells and color develops in proportion to the amount
of IL-2 bound. The Stop Solution changed the color from
blue to yellow, and the intensity of the color was measured
at 450 nm.
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Histology Analysis

Samples of jejunum were embedded in paraffin, and using
a microtome 4 pm sections were cut and stained with a
hematoxylin-eosin-saffron (HES) solution. Two study
blinded-pathologists performed the histopathological
examinations. For each stained intestinal tissue section,
5 different areas were selected and documented at 100x
magnification under an upright light microscope. Olympus
BX53 Digital Microscope (Olympus Corporation, Tokyo,
Japan) was used to evaluate the samples. The Olympus
cellSens program (Olympus Corporation) was used for the
histological examination of jejunal villi height (um), crypt

depth (um), and jejunal muscular thickness (um).
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Statistical Analysis

All data are presented as mean+=SEM. Statistical analyses
were performed using GraphPad Prism 9 (GraphPad
Software, La Jolla, CA, USA). ANOVA was employed,
followed by a Tukey or Mann-Whitney post-hoc test to
compare more than two groups, whereas the unpaired t-test
was used to compare the means of two groups. Statistical
significance was set at p<0.05.

Results

Phenotypic Analysis Results of the Malnutrition Rat
Model

At the end of the experiment, rats in the A. paniculata
treatment groups showed a significant loss of body weight
compared to control rats (»p<0.05, Figure 2). The spleens

Indones Biomed J. 2024; 16(3): 218-27

and livers of the rats were aseptically removed and
weighed to analyze the effects of malnutrition on
organ development. Malnourished rats showed significant
differences in spleen weight compared to control rats
(p=0.0114). Additionally, malnourished rats exhibited a
significant decrease in liver weight (p<0.0001) compared
with control rats.

The relative weights of organs in the malnutrition
modeling group with a low-protein diet and enteropathy,
and A. paniculata treatment were also evaluated. Rats in
2%LP+IND+AP1,2%LP+IND+AP2, and 2%LP-+IND+AP3
groups showed significant differences (p<0.05) in the spleen
and liver compared with the Control’ and 2%LP+IND’
groups (Figures 2A and 2B). At the end of the malnutrition
model, the 2%LP+IND’ rats demonstrated a WA of 48.4%
(Table 2). The decrease in WA value indicated that the
2%LP+IND’ diet resulted in severe malnutrition.
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significance (p<0.05); **p<0.001; ***p<0.0001. One-way
ANOVA with Tukey’s multiple comparison test was performed.
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Table 2. WA value for Control and 2%LP+IND groups.

WA values (%)
Groups
Day 1 Day 3 Day 7 Day 14 Day 21
Control’ 63.9 65.7 65.4 83.5 101.0
2%LP+IND’ 65.4 64.3 62.7 56.7 48.4
p-value 0.0853 0.5325 0.2133 <0.0001%*** <0.0001***

APLE Administration Increased Cholesterol, Glucose
and Decreased Triglyceride

Significant differences were found in erythrocytes,
hemoglobin, hematocrit, leukocyte, albumin, total protein,
triglycerides, cholesterol, and glucose levels among all
groups (p<0.05). Administration of APLE has not been
able to significantly improve levels of erythrocytes,
hemoglobin, hematocrit, leukocytes, albumin, and total
protein. Post-hoc analysis revealed that administration of
APLE at a dose of 94.5 mg/kgBW in 2%LP+IND+AP2
group significantly increased cholesterol levels compared
to the 2%LP+IND+API and 2%LP+IND+AP3 (p<0.05).
Additionally, glucose levels increased and triglyceride levels
decreased at dose of 189 mg/kgBW compared to those in the

groups receiving 47.25 and 94.5 mg/kg BW (Table 3).

APLE Administration Increased IL-2 Level

The lowest IL-2 level was found in 2%LP+IND group,
with a value of 0.5530+0.2060 ng/mL, whereas the highest
was found in 2%LP+IND+AP3 group, with a value of
1.963+0.4260 ng/mL. Post-hoc analysis showed that
administration of APLE for 21 days at a dose of 189 mg/
kgBW to malnourished rats significantly increased IL-2
levels compared with the control group (Figure 2C).

APLE Administration Increased Villus Height
Measurement of villous length and crypt depth in jejunum
rats with malnutrition was performed to assess intestinal
damage. The A. paniculata treatment group showed an
increase in villus height in the 2%LP+IND+AP3 group
compared to the 2%LP+IND group (p<0.05) (Figure 3). The
A. paniculata treatment did not have any noticeable impact
on crypt depth (Table 4).

Discussion

In many cases, animal models of malnutrition are required to
understand how malnutrition affects the course of the disease.
(22) Many studies have used these models to assess how
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malnutrition affects the immune system, other malnutrition-
related illnesses, and susceptibility to infectious infections.
(23) Our controlled analysis of the dietary characteristics of
model animals was made possible by these features. Much
of the literature employs low-protein, isocaloric diets that
can mimic a type of protein malnutrition.(24) However, it
is common for children living in precarious conditions to
consume diets with both calorie and protein restrictions.(11)
Therefore, in this study, a feeding protocol using a diet with
low-protein contents was used.

Three days after the introduction of the low-protein
diet, weanling Wistar rats showed a noticeable decrease in
weight, which persisted until day 42 when the trial ended.
This diet-induced severe and moderate malnutrition in rats.
Marasmic malnutrition is a disease that results in numerous
physical abnormalities, including significant loss of body
weight, muscular mass, and subcutaneous fat, in addition
to sluggish development, irritability, and lethargy.(25)
Malnourished rats displayed a delay in body growth.

Atrophy of essential organs such as the pancreas, liver,
spleen, and lymphoid tissues can result from marasmus.
(3,25) This process results in a decrease in neutrophil
phagocytic activity and T-cell production, and impairment
in the generation of antibodies (4,8), which consequently
increases the likelihood of infection (25).

The livers and spleens were weighed 42 days after
the diet was introduced to evaluate the effects of starvation
on internal organs. Malnourished rats showed a decrease in
spleen weight compared to controls. Interestingly, starved
rats had higher liver weights. Fatty liver and hepatomegaly
are prevalent in kwashiorkor.(3,26) However, children with
marasmus have been reported to exhibit hepatic steatosis
and hepatomegaly.(27)

Hematological measurements showed that leukocyte
counts were decreased in Wistar rats fed a low-protein diet.
Malnutrition diagnosis also uses biochemical indicators.
These include albumin, creatinine, total cholesterol, urea,
and total lymphocyte count, which indicate inflammation.
(12,28) Biochemical measurement showed that albumin,
total protein, cholesterol, and glucose decreased in Wistar
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rats fed a low-protein diet and APLE increased cholesterol
and glucose.

To investigate the pathological mechanisms
underlying enteropathy, researchers employ experimental
models of enteropathy induced by chemical agents, such
as indomethacin. The utilization of indomethacin allows
for the manifestation of various symptoms associated with
enteropathy, although it may not precisely replicate the same
mechanisms implicated in the development of enteropathy.
(29,30) Moreover, the use of indomethacin provides a
straightforward and replicable model that elicits a controlled
inflammatory response, which may be comparable to the
subclinical symptoms observed in the pathophysiology

of human enteropathy. Similar to the model established
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Figure 3. Show jejunal sections, stained with HES solution,
which was used to assess intestinal damage in rats fed a standard
diet or low-protein combined with chronic indomethacin
gavages. The study measured villi length (A), and crypt depth (B)
in malnourished rats and after treatment with APLE. Significance
levels were indicated as follows: n.s.: not significant; *p<0.05;
*#p<0.001, An ordinary one-way ANOVA with Tukey’s multiple
comparison test was performed. The measurements were taken
in malnourished rats (C) and control rats (D). The yellow line
indicates the length of the villous, the green line the depth of the
crypts, and the black line the thickness of the muscularis. White
bar: 200um.

by (31), which involves a low-protein diet and bacterial
challenge, the current model effectively recapitulates key
aspects of human enteropathy, including impaired growth,
intestinal inflammation, and overall inflammation.

The murine model of undernutrition exhibits both
intestinal inflammation and hyperpermeability, two
characteristics that closely resemble those observed in
enteropathy, particularly in young children under the age of
five who experience severe wasting either before or after
significant linear growth retardation occurs.

The active compound in A. paniculata is
andrographolide which can act as an immunostimulant for
specific and non-specific immune functions through natural

killer (NK) cells, macrophages, and cytokine induction. It
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will also send intracellular signals to cell receptors to increase
their activity when immune system activity is reduced. This
can increase the production of IL-2, thereby increasing
lymphocyte proliferation, as well as the proliferation and
differentiation of B and NK cells.(32)

IL-2,
immunostimulator or immune inhibitor depending on the

a pleiotropic cytokine, functions as an
target cell. The main function of IL-2 is to regulate T-cell
homeostasis and growth.(33,34) IL-2 activates anti-apoptotic
mechanisms to prevent immune cell death.(35) Low doses
of IL-2 are effective in modifying the gut microbiome
against dysbiosis.(36-38) A. paniculata extract decreases
inflammatory intestinal epithelial cells with its role as an
antiparasitic and anti-inflammatory agent.(39) However,
Administration of andrographolide caused an increase
in the proportion and abundance of beneficial bacteria,
and the intestinal microbial composition of Firmicutes
dominated after andrographolide treatment.(40) While this
study did not observe significant changes in hematological
parameters, further research could be conducted to evaluate
the effects of A. paniculata on hematological parameters in
cases of malnutrition and enteropathy.

Conclusion

The administration of APLE to the malnourished group
at a dose of 94.5 mg/kgBW increased cholesterol levels.
Furthermore, at a dose of 189 mg/kgBW, it increased IL-2
levels, glucose levels, and villi length. Additionally, it
decreased triglyceride levels. The administration of APLE
may improve nutrition and reduce the risk of malnutrition
due to immune disorders related to a low-protein diet and
enteropathy.
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