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ABSTRACT

Introduction: Anemia is a malnutrition condition with high prevalence in the world, especially in developing coun-
tries. Adequate intake of macro and micro nutrients is absolutely necessary, in the form of food consumption or
extracts. This study aims to analyze the effect of a combination of red spinach and chrysanthemum flower ethanol
extracts on hemoglobin and hepcidin levels. Materials and methods: This research design uses a laboratory experi-
mental design with a posttest -only control group design in vivo. This study used 24 teenage female Wistar rats (ratus
norvegicus) divided into 6 groups. The treatment was administration of EEBM+EEBK in 4 doses, EEBM 300 mg +
EEBK 300 mg, EEBM 600 mg + EEBK 300 mg, EEBM 900 mg + EEBK 300 mg and EEBM 1200 mg + EEBK 300 mg.
The evaluation of hemoglobin and hepcidin levels was carried out for nine days. Research data is displayed in the
form of Mean = SD. The research results were analyzed using one-way ANOVA with Tukey's Post-Hoc test. Results:
The results of the One-Way ANOVA statistical test showed that there were significant differences for Hb (p=0.000)
and hepcidin (p=0.007). The most significant dose capable of increasing Hb levels and reducing hepcidin levels was
combination of EEBM 600 mg + EEBK 300 mg. Conclusion: The combination of red spinach and chrysanthemum
flower ethanol extracts shows promise as an alternative for managing hemolytic anemia in adolescents. However,

further research directly on human subjects is warranted to validate these findings.
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INTRODUCTION

Adequate nutritional intake is needed from childhood
to adolescence which is necessary for optimal growth
(1). Malnutrition can result not only from inadequate
intake of macronutrients, but also from deficiencies in
micronutrients. This condition can significantly increase
morbidity and mortality rates, particularly in developing
countries where limited purchasing power restricts
access to nutritious foods and supplements needed to
meet essential nutritional requirements (2). Adequate
nutrition in terms of micronutrients consists of vitamins
and minerals, essential micronutrients needed by the
body include iron, vitamins and minerals which cannot
be produced by the body and require intake from food
or supplements (3).

Iron is essential for producing haemoglobin and the
function of many enzymes. One of the impacts of iron

deficiency can be disruption of the menstrual process,
growth and development disorders, reproductive
organ maturation disorders, risk of giving birth to low
birth weight babies and anemia where the number of
red blood cells and oxygen-carrying capacity does not
meet the body's physiological (4). Anemia is a global
public health problem that can occur at all ages (5).
The incidence of anemia in girls is 21.1%, women
of childbearing age 48% (6) . The demographic and
health survey in Ethiopia showed that the prevalence of
anemia among children under five in 2016 was 57%
due to iron deficiency (7) . In Sub-Saharan Africa, 46%-
71% of children under 5 years suffer from anemia (80).
In Egypt, the Middle East, the prevalence of anemia in
children is 39.6% and in adolescents it is around 11.6%
(9) . In 2023, prevalence of anemia among adolescence
girl in Indonesia as a local study was 28% (10). This
high prevalence requires more attention to reduce
the negative impacts, especially on the reproduction
process.

Heme oxygenase (HOs) are responsible for catalyzing
heme into carbon monoxide (CO), biliverdin, and
free iron (1)  which functions to mediate several
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physiological functions by reducing the production
of pro-inflammatory cytokines and stimulating the
production of anti-inflammatory cytokines. Hepcidin
is a type Il acute phase inflammatory response protein
in response to interleukin (IL)-63, which is the main
regulator of iron balance in the blood and bone marrow
(11) . Hepcidin deficiency causes a decrease in the
number of mature erythrocytes which causes anemia so
that iron absorption in the intestine becomes too high
and causes hemochromatosis (12) .

Red spinach is one of non-pharmacological treatment
to threat and prenevent the occurance of anemia (14).
Red spinach is a natural ingredient that is easy to obtain,
relatively cheap and has nutritional value and is easy to
cultivate in tropical climates (13) . The iron content of
7 mg in red spinach and vitamin C 62 mg can increase
hemoglobin levels in the blood (14) . Red spinach
contains vitamins (C, A, B2, B6, K, and folate), protein,
carbohydrates, fat, minerals, fiber, iron, magnesium,
manganese, potassium, and calcium (15) . Red spinach
is a source of vitamins C, B6, riboflavin, folate, niacin,
soluble fiber, omega-3 fatty acids , and iron, increases
blood formation, increases appetite, helps recovery from
fatigue, antioxidants, alternative nutritional therapy to
increase hemoglobin levels and prevent anemia (16).

Plants in the Chrysanthemum genus belong to the
Asteraceae family and have a variety of potential
medicinal properties including antibacterial, antiviral,
and anti-inflammatory activities (17). Chrysanthemum
flowers originate from China since ancient times and
have been used as herbal medicine (18). Chrysanthemum
flowers as an alternative herbal treatment contain
vitamins and minerals including vitamin B, vitamin C and
various antioxidants such as polyphenols, flavonoids,
lutein and zeaxanthine (19). The vitamin C content in
chrysanthemum flower extract can increase the number
of hemoglobin and red blood cell it by increasing leads
metabolism and preventing deposition (20). This study
aims to analyze the effect of a combination of red
spinach and chrysanthemum flower ethanol extracts
on hemoglobin and hepcidin levels in juvenile female
Wistar rats.

MATERIALS AND METHODS

Samples

The red spinach (Amaranthus tricolor L.) used in
this study was sourced from Malang City, Indonesia,
specifically the leaves and stems, which were extracted.
The  chrysanthemum  flowers  (Chrysanthemum
morifolium) were obtained from Batu City, Indonesia,
and the extraction included the crown, petals, stamens,
ovules, and flower base. Both the red spinach ethanol
extract (EEBM) and chrysanthemum flower ethanol
extract (EEBK) were prepared using maceration method
with 70% ethanol as the solvent. The combination of
EEBM+EEBK is made in 4 different doses, including: dose

1 (EEBM 300 mg + EEBK 300 mg), dose 2 (EEBM 600 mg
+ EEBK 300 mg), dose 3 (EEBM 900 mg + EEBK 300
mg), and dose 4 (EEBM 1200 mg + EEBK 300 mg). This
research was approved by the Health Research Ethics
Committee, Faculty of Medicine, Islamic University of
Malang [Reference No: 043/LE.003/V11/01/2022].

Animals

The experimental animals used were female wistar rats
(Rattus norvegicus) of juvenile/reproductive age (6-8
weeks), obtained from the Animal Physiology Laboratory,
Faculty of Science and Technology, Maulana Malik
Ibrahim State Islamic University, Malang, Indonesia.
Rats were acclimated for 7 days to water, food and
temperature conditions in the laboratory before being
used for research.

Induction of anemia in rats was carried out by
intraperitoneal injection of phenylhydrazine /PHZ
(Merck, Japan) at a dose of 40 mg/kg BW (diluted with
Normal Saline). PHZ injection was carried out 2 times in
2 consecutive days with the same dose, namely 40 mg/
kg BW (21). The normal hemoglobin range for female
rats is 13.9-15.9 g/dL (24).

Research Design and Treatment

This research design uses a laboratory experimental
design with an in vivo posttest-only control group
design. This study used 24 randomly selected juvenile
Wistar rats (Ratus novergicus) divided into 6 groups. The
determination of the rat number refers to the Federer
formula. Both EEBM and EEBK were prepared using
maceration method with 70% ethanol as the solvent.
The treatment in this study was the administration
of EEBM+EEBK in 4 doses orally (1cc/day). Group 1
(negative control) was not induced by anemia and was
not treated. Group 2 (positive control) was induced by
anemia and given sterile water. Group 3 was induced
anemia and given EEBM 300 mg + EEBK 300 mg (dose 1).
Group 4 was induced anemia and given EEBM 600 mg
+ EEBK 300 mg (dose 2). Group 5 was induced anemia
and given EEBM 900 mg + EEBK 300 mg (dose 3). Group
6 was induced anemia and given EEBM 1200 mg + EEBK
300 mg (dose 4). The treatment was administered for 9
days. Since the erythropoiesis process in rats typically
takes 5 to 7 days, an increase in hemoglobin levels may
be observed after 7 days of treatment (23).

Hemoglobin (Hb) and Hepcidin levels

Hb and Hepcidin levels were checked at 2 times. The
first measurement was after the rats were injected with
PHZ (day 2). The second measurement is after 7 days of
treatment (day 9). Blood samples for testing Hb levels
were taken from the lateral tail vein of rats. Hb levels
were checked using a Hb meter (EasyTouch GCHb,
Bioptik Technology Inc, China) and the results were
displayed in g/dL. Blood samples for the hepcidin test
are taken through the eye (orbital sinus) with a capillary
tube. Hepcidin levels were measured using the Rat
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Hepcidin Elisa Kit (BT Lab, China), and then run using
ELISA (ChemWell® 2910). Results are displayed in ng/
ml.

Statistical test

Research data are presented as Mean + SD. The results
were analyzed using one-way ANOVA followed by
Tukey’s Post-Hoc test (SPSS version 23). A p-value of
<0.05 was considered statistically significant.

RESULTS

Hemoglobin (Hb) levels are checked using an Hb meter
and the results are displayed in g/dL. The results showed
that the combination of EEBM+EEBK was able to increase
Hb levels in anemic rats. The mean of Hb levels in rats
after treatment are shown in Figure 1. The average Hb
level of the positive control group was 11.9 + 0.53 g/
dL. Meanwhile, the average Hb level of the negative
control group was 18.37 + 2.08 g/dL. After being given
treatment, Hb levels began to increase at dose 1, namely
18.8 + 0.79 g/dL. The highest Hb level was obtained
when administering dose 2, namely 19.63 + 1.47 g/dL.
Then the Hb level decreased at dose 3, namely 18.27 =
2.17 g/dL and increased slightly at dose 4, namely 18.87
+ 1.53 g/dL. Even though it decreased, Hb levels at
doses 3 and 4 were still within normal limits. The effect
of the EEBM+EEBK combination on Hb levels in anemic
rats was tested statistically using One-Way ANOVA and
Tukey's post-hoc test. Levene's test was conducted first
before that and the results showed that the data was
homogeneous (p=0.083). Table | shows the results of
the One-Way ANOVA statistical test. It showed that
there was a significant difference (p=0.000). Based on
Tukey's post-hoc test, the most significant dose capable
of increasing Hb levels was dose 2 (combination of
EEBM 600 mg + EEBK 300 mg) (Table 11I).
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Figure 1: Effect of the RSEE+CFEE combination on Hb levels in
anemic rats. Hb levels are expressed in mean+SD (g/dL). The result
of the One-Way ANOVA statistic test showed a significant difference
(p=0.000).

Table I: The results of the One-way ANOVA test for the
mean of hemoglobin level in rats after giving treatment in 4
doses

Sum of Mean F p-value
Square Square
Between
Hemo. Croups 120.1693 4 30.0423 14.7992 0.000*
globin  Within
Leve| Groups 20.3 10 2.03
Total 140.4693 14 10.0335

Note: (*) p<0.05 was considered to be significant

Table I1I: The results of the Post-Hoc Tukey test for the mean
of hemoglobin level in rats after giving treatment in 4 doses

Group Group Difference Mean p-value
Positive Control Dose 1 6.90 0.001*
Dose 2 7.73 0.000*
Dose 3 6.36 0.001*
Dose 4 6.96 0.000*
Dose 1 Dose 2 0.83 0.948
Dose 3 0.53 0.989
Dose 4 0.06 1
Dose 2 Dose 3 1.36 0.765
Dose 4 0.76 0.960
Dose 3 Dose 4 0.60 0.984

Note: (*) p<0.05 was considered to be significant

Apart from increasing Hb levels, the combination of
EEBM-+EEBK can reduce hepcidin levels in anemic rats.
Hepcidin levels were measured using ELISA and the
results were expressed in ng/ml. The mean of hepcidin
levels in rats after treatment are shown in Figure 2. The
average hepcidin level of the positive control group was
0.54 + 0.08 ng/ml. Meanwhile, the average Hb level
of the negative control group was 0.44 + 0.04 ng/ml.
Hepcidin levels began to decrease at dose 1, namely
0.31 + 0.07 ng/ml. These results were the same as dose
4. Meanwhile, hepcidin levels at dose 2 were 0.36 =
0.05 ng/mL and 0.35 + 0.07 ng/mL at dose 3. The effect
of the EEBM+EEBK combination on hepcidin levels in
anemic mice was tested statistically using One-Way
ANOVA and Tukey's post-hoc test with Levene's test was
performed beforehand. The result of the Levene’s test
showed that the data was homogeneous (p=0.083). The
results of the One-Way ANOVA statistical test showed
a significant difference (p=0.007) (Table Il). Based on
Tukey's post-hoc test, the most significant dose capable
of reducing hepcidin levels was dose 1 (combination of
EEBM 300 mg + EEBK 300 mg) (Table IV). However, the
hepcidin level closest to the negative control (0.44 ng/
mL) was 0.36 ng/mL (dose 2) (Figure 2).
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Figure 2: Effect of the RSEE+CFEE combination on hepcidin levels
in anemic rats. Hepcidin levels are expressed in mean+SD (ng/mL).
The result of the One-Way ANOVA statistic test showed a significant
difference (p=0.007).

Table II: The results of the One-way ANOVA test for the mean
of hepcidin level in rats after giving treatment in 4 doses

Sum of df Mean

Square Square F p-value
Between 1099 4 0.0274 6.6507 0.007*
Hep- Groups
cidin  Within
0.0413 10 0.0041
Level ~ Groups
Total 0.1512 14 0.0108

Note: (*) p<0.05 was considered to be significant

Table IV: The results of the Post-Hoc Tukey test for the mean
of hepcidin level in rats after giving treatment in 4 doses

Group Group Difference Mean p-value
Positive Control Dose 1 0.23 0.008*
Dose 2 0.18 0.039*
Dose 3 0.18 0.034*
Dose 4 0.22 0.009*
Dose 1 Dose 2 0.05 0.845
Dose 3 0.04 0.879
Dose 4 0.01 1
Dose 2 Dose 3 0.00 1
Dose 4 0.05 0.892
Dose 3 Dose 4 0.04 0.920
Note: (*) p<0.05 was considered to be significant
DISCUSSION

The type of anemia in this study was hemolytic anemia
by administering phenilhydrazine (PHZ) to adolescent
mice. PHZ is a redox agent that causes hemolytic
anemia even in individuals without erythrocyte
enzyme deficiency (21). Hemolytic anemia is anemia
caused by damage to red blood cells before 120 days.
This premature damage can occur intracellularly or
extracellularly in the reticuloendothelial system (22).
When PHZ interacts with red blood cells, it will produce
hydrogen peroxide which oxidizes the suflohydryl
group of enzymes, membrane lipid peroxidation occurs
, forming Heinzs bodies in erythrocytes and inducing
hemolysis (23) (25).

The combination of EEBM and EEBK extracts can
significantly improve hemolytic anemia in adolescent
mice. The combination of these extracts can increase
Hb levels and reduce hepcidin levels with the best dose
being 600 EEBM + 300 EEBK. Hb and hepcidin levels
have a negative relationship. Hepcidin is known as a
hormone that inhibits the absorption of Fe by the body.
This hormone ensures that absorption is not excessive,
which causes toxicity. From the research results, the
decrease in hepcidin levels is a positive thing so that Hb
levels can increase. It is crucial to note that excessive
extract administration can be detrimental. The optimal
combination doses for achieving normal hepcidin levels
were found to be 600 EEBM + 300 EEBK and 900 EEBM
+ 300 EEBK (27).

Hepcidin plays an important role in systemic iron
homeostasis (25). High hepcidin levels may lead to
iron restriction in inflammatory conditions. Therefore,
hepcidin antagonists can increase iron levels to treat
inflammatory anemia and hemolytic anemia (26) (31).
Through spectrometric tests in previous research, the
combination of EEBM and EEBK contains relatively
high levels of antioxidants with active compounds of
flavonoids and phenols. The combination of EEBM and
EEBK produces a total flavonoid content (TFC) of 85.33
mg QE/g and a total phenol content (TFC) of 25.22
mg GAE/g. (28) Flavonoids can increase the action of
vitamin C, which plays an important role in preventing
and managing anemia. Vitamin C can reduce Ferric
(Fe3+) to Ferro (Fe2+) so that it is more easily absorbed
in the intestine and increases hemoglobin levels (32).

Flavonoid and polyphenol compounds plays a role in
increasing iron absorption, reducing iron excretion,
and increasing the deposition of excess iron in tissues.
Rutin (quercetin-3-rhamnosyl glucoside) is a flavone
that plays a role in protecting vascular endothelium
against oxidative stress in sickle cell anemia , restoring
erythrocyte membrane integrity, preventing and
reversing lipid peroxidation, inducing an increase in GSH
and CAT levels, reducing SOD activity and modulating
deoxy- hemoglobin and changes in redox homeostasis.
The flavonol found in red spinach and chrysanthemum
flowers is quercetin which is known for its antioxidant
and anti-inflammatory activity. Quercetin affects iron
homeostasis and helps combat oxidative stress thereby
increasing iron storage and inducing overexpression of
hepcidin (33).

The combination of EEBM+EEBK contains flavonoids
and vitamin C. Flavonoids function to reduce
inflammation, bind iron and reduce oxidative damage
and are independent of hepcidin pathway. Vitamin C
has almost the same function as flavonoids but through
the hepcidin pathway. It makes this combination of
extracts effective for treating hemolytic anemia (34). The
limitation of this study is that we used rat model with
hemolytic anemia. In fact, the most common cases of
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anemia are iron deficiency anemia. We recommend that
further studies use rat model of iron deficiency anemia.

CONCLUSION

The combination of 600 EEBK and 300 EEBM can
significantly increases hemoglobin (Hb) levels while

reducing hepcidin

levels. This suggests that this

combination could serve as an effective alternative for
managing hemolytic anemia in teenager. However,
further research is necessary to evaluate the effect of
direct administration of extract in humans or to develop
it in a supplement that is convenient for adolescent
consumption.
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