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ABSTRACT

Sodium nitrite (NaNO,) is one of the most inorganic salts and is often used in
processed meat products. Long-term consumption of sodium nitrite has been
reported to cause of oxidative stress and spleen histological changes. Therefore,
anti-oxidative effects are needed from natural ingredients such as Acorus calamus L.
The study aims to determine the effect of A.calamus L. rhizome extract on
anatomical structure and histological changes in the rat spleen induced with
NaNO,. We used a completely randomized design with twenty-five male rats
divided into 5 groups. Negative control (NC) was given 0.5% CMC for 40 days;
positive control (PC) on days 1-15 was given NaNO, (50 mg/kg BW); on days 16-
30 given (50 mg/kg BW) NaNO, + 0.5% CMC and on days 31-40 given 0,56%
carboxy methyl cellulose (CMC). Treatment 1 (T1), Treatment 2 (T2), and
Treatment 3 (T38) on days 1-15 were given NaNO, doses of 50 mg; and; on days 16-
30, groups T1, T2, and T3 were given NaNO, + extract with each predetermined
dose (250 mg/kg BW for T1, 500 mg/kg BW for T2, and 750 mg/kg BW for T3).
For days 81-40 groups T1, T2, and T8 were given extracts with each
predetermined dose. Results revealed that the extract of the A. calamus L. rhizome
affects weight, length, and width of the spleen (P<0.05); and bleeding lesions; while
having no noticeable effect (P<0.05) and having a noticeable effect on the area of
the white pulp (P<0.05). Administration of ethanol extract of 4. calamus L. at a
dose of 250 mg/kg BW has an impact on improving spleen weight and width; a
dose of 500 mg/kg BW has an impact on the weight and length of the spleen; and a
dose of 750 mg / kg BW has an impact on improving spleen width length, but the
size variation is still in the normal category. While extracts at doses of 250 and 500
mg/kg BW have a repair impact on tissue shrinkage in damaged white pulp.
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INTRODUCTION

Sodium nitrite (NaNO,) is one of the food
additives that is commonly used to preserve meat
products such as sausages, corned beef, ham, etc.
Sodium nitrite can also add and retain a red color in
meat because nitrite can decompose into nitroxides
that can react to myoglobin present in meat so that
nitroso myoglobin is formed (Sindelar &
Milkowski.,, 2012; Karwowska et al, 2021).
According to The Council and Commission of the
European Union (EU) Regulation No.1129/2011 on
food additives, sodium nitrite levels are allowed for
use in meat products that are 150 mg/kg (W¢jciak

et al,, 2019). Although there is already a safe dose
for sodium nitrite, some products still contain
sodium nitrite that exceeds the recommended limits.
World Health Organization (WHO) suggests an
Acceptable Daily Intake (ADI) of sodium nitrite
that can be accepted by the body at about 0.06-0.07
mg/kg of body weight (Ma et al., 2018).

Long-term consumption of sodium nitrite may
have a bad effect on health such as histological
changes in the spleen (Suparmi et al., 2016). This
can happen if nitrites enter the body and react with
amine compounds to form a new compound called
nitrosamine. Nitrosamine compounds can activate
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and increase the production of Reactive Oxygen
Species (ROS) so they can potentially be
carcinogens (Suttie, 2006; Sindelar & Milkowski.,
2012; Mohammed, 2014). Consumption of sodium
nitrite causes damage to blood vessels, the liver, the
spleen, and other organs in rats (Juibar et al., 2015;
Petrova et al., 2020; Sanjari & Hosseini, 2021).
Spleen is one of the organs that plays an
important role in the immune system and
hematopoiesis
hematopoiesis in the spleen occurs in fetuses aged
2-7 months; after that, the spinal cord takes over
the hematopoiesis process in fetuses aged 7 months
to adulthood (Turk et al, 2009). The process of

hematopoiesis in the spleen will reappear when a

processes.  The  process of

person
spontaneous hemolysis by erythrocytes in vivo in
the human body due to the influence of toxicity
agents (Suttie., 2006). Therefore, anti-oxidative and
anti-inflammatory from secondary metabolites are
needed that can prevent and reduce the effects of

experiences  methemoglobinemia  and

sodium nitrite.

Anti-oxidative and anti-inflammatory can be
obtained from various types of plants, one of which
is Acorus calamus L. It is a water plant that contains
alkaloids,
carbohydrates, flavonoids, tannins, and phenolics
(Muchtaromah et al., 2019). With its content of
phytochemical compounds, the ethanol extract of A.
calamus L. rhizome can prevent the suppression of
stressed rats' immune systems in normal rats. In
addition, the administration of ethanol extract of A.
calamus L. rthizome can affect the histology of the
rat's spleen in the form of structural involution of
lymphoid organs, and the administration of ethanol
extract of 4. calamus L. rhizome can reduce the area

phytochemical compounds such as

of white pulp damage in stressed rats compared to
the control group (Sarjan et al., 2017). There is a
little information about the potential of A. calamus
L. rhizome in repairing damage to the structure of
the spleen, so we examined the influence of ethanol
extract of 4. calamus L. rhizome in improving the
spleen structure of white rats in histology-induced
sodium nitrite (NaNOy).

MATERIALS AND METHODS
Preparation of A. calamus L. extract

Acorus calamus L. rhizome that was used in this
research was obtained from Pematang Siantar,
North Sumatra. 4. calamus L. rhizome was cut into
small pieces and then dried by air for 4-5 days.
Dried using a blender until it becomes a simplicia
powder (powder derived from A. calamus L.). After

that, extraction of rhizome powder was carried out
by using the maceration method with 96% ethanol
in a ratio of 1:10. A total of 800 g of the rhizome
powder was added to 8000 ml of 96% ethanol. The
extraction process was done for three consecutive
days at Universitas Islam Negeri Sumatera Utara
Laboratory. The obtained filtrate was concentrated
by a rotary evaporator for 4 days at a temperature
of 40-50°C.

Experimental design

This was an experimental study using a
completely randomized design. A total of 25 male
rats (Rattus novergicus L. strain Galur Wistar) aged
3-4 months with weights ranging from 129-176
grams. The rats used were obtained from the
Pharmacology Laboratory of Medan, North
Sumatra. The rats were acclimatized for seven days
by feeding and drinking according to laboratory
standards for experimental animals. The use of
experimental animals was approved by the Animal
Research Ethics Committee of the faculty of
mathematics and natural science, Universitas
Sumatera Utara (No. 0424/KEPH-FMIPA/2021)
on July 14th, 2021.

Experimental animals were divided into five
groups (n=5). The negative control group (NC) was
given 0.5% carboxy methyl cellulose (CMC) for 40
days 0.5% CMC was used as an extract solvent, in
the negative control group 0.5% CMC was used as a
comparison test preparation because 0.5% CMC
does not cause harm to the rat’s body (Baran et al.
2020). 0.5% CMC test preparation, extract, and
sodium nitrite were used as daily administration
(made as stock solution), where 1 cc of test
preparation (sodium nitrite (50mg/kg BW), 0.5%
CMC and extract (250 mg/kg BW, 500 mg/kg BW
and 750 mg/kg BW)) for 100 g rats. The
administration of test preparations was carried out
orally, from the roof of the oral cavity to the
stomach. Sodium nitrite administration was carried
out in the morning (PC, T1, T2, and T3), extract
administration (T1, T2 and T3) and 0.5% CMC (NC
and PC) in the afternoon. CMC 0.5%. The positive
control group (PC) was given NaNO, for days 1-15,
NaNO; and 0.5% CMC for days 16-30, and 0.5%
CMC for days 31-40. Treatment group 1 (T1),
treatment group 2 (1T'2), and treatment group 3 (1'3)
were given NaNO, for days 1-15. For days 16-30, a
combination of NaNO, and 4. calamus L. rhizome
ethanolic extract was given. A 50 mg/kg BW
NaNO, solution was used at a dose of 50 mg/kg
BW. A. calamus L. rhizome ethanolic extract at

@0



91 | Amira et al., Morpho-histological Study of The Rat Spleen Post-Induction of Sodium Nitrite

doses of 250 mg/kg BW, 500 mg/Kg BW, and 750
mg/kg BW for Ti1, T2, and T3 were given,
respectively. For days 381-40, T1, T2, and T3
groups were given extracts at doses of 250mg/kg
BW, 500 mg/kg BW, and 750 mg/kg B W. The
volume of sodium nitrite solution given was
adjusted to the daily weight of the rat. After
treatment for 40 days, the rats were dissected on
day 41, before that, the rats were satisfied for 14
hours. Furthermore, 5 rats in each group were
euthanized by inhalation of ether (0,67 ml/animal)
for 60 seconds.

Spleen macroscopic study

The spleen was cleaned using 0.9% NaCl prior
to  macroscopic observations that included
examination of the weight, length, and width of the
spleen. The observation of the length and width of
the spleen organ was done using the bar in cm
units. While  the weight

determination was computed using the formula:

relative organ

. . organ weight
Relative organ weight = M X 100
body waight

Spleen histology study

Cleaned spleen was fixed using 10% neutral
buffered formalin. The spleens that have been
cleaned are then fixated using Neutral Buffered
Formalin at 10%. After that, the spleen was made
into a histology slide using the paraffin method
with hematoxylin-eosin staining (Afiqoh et al.
2017). The histology slide was observed under a
light microscope with a magnification of 10X to
measure the white pulp area and 40X magnification
to observe bleeding lesions in lymphoid tissue, then
scored with the scoring method (focal bleeding is 1,
multifocal bleeding is 2, and diffuse bleeding (heavy

bleeding) is 38) (Hidayati et al., 2018). The white
pulp area in each sample was measured using Image
J software on a scale of 100 mm.

Statistical analysis

The results of scoring bleeding lesions and
these morphometry measurements of the white pulp
area were analyzed with one-way ANOVA using
the SPSS (Statistical Product and Service Solutions)
program 26. If there is a noticeable change
(P<0.05), the Duncan test was used to determine
the difference in the dose given. In addition,
observations of the histological structure were also
carried out by comparing the control with each
treatment that will then be described.

RESULTS AND DISCUSSION

Spleen macroscopic

The results of the average value of the
weight, length, and width of the spleen show that
the NC and PC groups have the same average value
of weight and width, but the average value of the
spleen length of the NC group is greater than the
PC group. Control groups (NC and PC) had a lower
average spleen weight, length, and width than the
treatment groups (T1, T2, and T3). The T1 group
had an average spleen length and width greater
than the T2 and T3 groups. The T3 group had an
average value of spleen weight greater than T1 and
T2. The T2 group had an average value of weight,
length, and width smaller than the T1 and T3
groups. The largest spleen length, and width are
found in the T1 group while the smallest spleen
length and width are in the T2 group. The largest
spleen weight is found in T8 while the smallest
spleen weight is in the T2 group (Table 1).

Table 1 Average change in weight, length, and width of the spleen

Group Spleen Weight (g) P- Value Spleen Length (cm) P-Value Spleen Width (cm) P-Value
(Average £ SD) (Anova) (Average £ SD) (Anova) (Average £ SD) (Anova)

NC 0.29 £ 0.02a <0.001 3.28 £ 0.13ab <0.001 0.78 + 0.08a 0.016

PC 0.29 £ 0.044 3.12 £ 0.21a 0.78 £ 0.10a

T1 0.46 = 0.10p 4.02 £ 0.214 1.04 £ 0.13p

T2 0.30 £ 0.06. 3.48 £ 0.33hc 0.88 = 0.13a

T3 0.53 = 0.12p 3.64 £ 0.32¢ 0.96 + 0.16ab

* SD: Standard deviation. a, b, ¢ dan d letters (Duncan test). NC: induced CMC 0.5% for 40 days, PC: induced
NaNO: sub-acute dose (50 mg/kg BW) for 30 days + CMC 0,5% for 25 days, T1: induced NaNO. sub-acute dose
(50 mg/kg BW) for 80 days + ethanol extract of 4. calamus L. with dose 250 mg/kg BW for 25 days, T2: induced
NaNO. sub-acute dose (50 mg/kg BW) for 30 days + ethanol extract of 4. calamus L. with dose 500 mg/kg BW
for 25 days, T8: induced NaNO. sub-acute dose (50 mg/kg BW) for 30 days + ethanol extract of 4. calamus L. with
dose 750 mg/kg BW for 25 days
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Spleen histology

Histology observation of lymphoid tissue
includes two examinations: bleeding lesions and
measurement of the white pulp area. The results of
the examination of bleeding lesions in lymphoid
tissue showed that the administration of an ethanol
extract of 4. calamus L. rhizome had no noticeable
effect on bleeding lesions in the entire treatment
group (P<0.05). From the observations, bleeding
lesions occurred in all experimental groups with the
same category of pathology levels (multifocal
bleeding) between the NC, PC, T1, T2, and T3
groups (Table 2 and Figure 1). This showed that
the ethanol extract of 4. calamus L. rhizome did not
make a significant difference to the bleeding lesions
of the rat’s spleen induced with sodium nitrite.

The results of the examination of the white
pulp area showed noticeable difference (P <0.05).
Where white pulp area of NC, PC, T1 and T2 had
the same amount of white pulp area but are different
from T3 (Table 8 and Figure 2). This showed that
the ethanol extract of 4. calamus L. rhizome made
a difference to the average value of the white pulp of
the rat's spleen area induced with sodium nitrite at a
dose of 750 mg/kg BW.

The result showed that the administration of
an ethanol extract of 4. calamus L. rhizome to the
rat spleen induced with sodium nitrite caused a
change in the average size of the weight, length,
and width of the spleen in the entire treatment
group (Table. 1). There were significant differences
in the size of weight, length, and width of the spleen
between the control group and the treatment group.
The largest spleen length and width category is
found in the T1 group (dose of 250 mg/kg BW)
while the smallest is found in the T2 group (500
mg/kg BW). The largest spleen weight category is
in the T3 (750 mg/kg BW) group while the
smallest is in the T2 group (500 mg/kg BW). The
weight and length of the spleen are closer to those

of the negative control group, were the T2 group
(500 mg/kg BW). While the length of spleen of
doses of 250 and 750 mg/kg BW are closer to the
negative control group. This shows that the
administration of 4. calamus L. ethanolic extract at a
dose of 500 mg/kg BW has an influence on
repairing damage to the spleen weight and length.
While doses of 250 mg/kg BW and 750 mg/kg BW
in the T1 and T3 groups had an improving effect on
the length of the spleen when compared to other
groups. Differences in spleen weight variations can
occur due to differences in the size of the body
weight of rats used. In addition, previous studies
have shown that giving herbal extracts in high
doses can increase spleen weight (Hidayah et al.
2022). The growing size of the rats affects the
number and size of cells in the spleen. Although
there was an increase in the weight and width of the
spleen in the T1 and T3 groups, the weight of the
spleen was still included in the normal category of
0.09-1.68 g for rats euthanized using ether with
bodyweight 20-400 g where the spleen did not swell
(splenomegaly) (Webster 1947). In addition, the
age of the rats also affects the spleen weight
(Falconer et al. 1978). The length and width of the
spleen follow the weight of the spleen.

Spleen exposed to immunogens causes an
iImmune response in the spleen. If the immune
activity increases, then the proliferation activity
increases as well, so that the spleen tissue creates
new red blood cells. Swelling of the spleen occurs
due to macrophage cells present in the spleen tissue
actively phagocytizing foreign substances. Changes
in spleen weight are the result of the spleen's
response to the presence of body immunity
(Wahyuningsih et al., 2017). The immune response
occurs because it is a form of interaction between
one component and another component of the
immune system.

Table 2 Average score of bleeding lesions

Group Bleeding lesions P-Value
(Average £ SD) (Anova)
NC 1.88+0.4:82 0.334
PC 1.681+0.222
T1 2.2410.262
T2 1.8810.544
Ts 1.924+0.412

*SD: Standard deviation. a letter (Duncan test). NC: induced CMC 0.5% for 40 days, PC: induced NaNO, sub-acute dose (50
mg/kg BW) for 30 days + CMC 0,5% for 25 days, T1: induced NaNO, sub-acute dose (50 mg/kg BW) for 30 days + ethanol
extract of 4. calamus L. with dose 250 mg/kg BW for 25 days, T2: induced NaNO, sub-acute dose (50 mg/kg BW) for 30 days
+ ethanol extract of 4. calamus L. with dose 500 mg/kg BW for 25 days, T3: induced NaNO, sub-acute dose (50 mg/kg BW)
for 30 days + ethanol extract of 4. calamus L. with dose 750 mg/kg BW for 25 days. Significant value (P<0.05)
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Table 3 Average area of white pulp

Group White pulp area (um?) P-Value
(Avarage = SD) (Anova)
NC 234888.96 = 18578.544 0.048
PC 217519.44 £ 49263.50?
T1 234946.27 £ 11079.392
T2 231697.39 £ 51656.592
Ts 285565.537 + 15528.73P

*SD: Standard deviation, a and b letters (Duncan Test) that show significant differences P<0.05 (Anova). NC: induced CMC
0.5% for 40 days, PC: induced NaNO, sub-acute dose (50 mg/kg BW) for 30 days + CMC 0,5% for 25 days, T1: induced
NaNO, sub-acute dose (50 mg/kg BW) for 30 days + ethanol extract of 4. calamus L. with dose 250 mg/kg BW for 25 days,
T2: induced NaNO; sub-acute dose (50 mg/kg BW) for 30 days + ethanol extract of 4. calamus L. with dose 500 mg/kg BW
for 25 days, T8: induced NaNO, sub-acute dose (50 mg/kg BW) for 30 days + ethanol extract of A. calamus L. with dose 750

mg/kg BW for 25 days

From the results of a macroscopic observations
of the spleen, it can be concluded that the
administration of ethanol extract of 4. calamus L.
the rhizome does not influence the weight, length,
or width of the rat's spleen induced with sodium
nitrite. In addition, the biotransformation activity of
sodium nitrite does not occur directly in the spleen.
Spleen exposed to toxicity agents can cause changes
in the anatomical structure of the spleen (Cesta ,
2006). However, in this case, no changes in
anatomical found from the
observation of the weight, length, and width of the
rat spleen. Therefore, it is necessary to make
microscopic observations to find out the effect of
giving sodium nitrite and ethanol extracts of 4.
calamus L. rhizomes on the rat's spleen. Further
observations carried out are tissue checks including

structure were

bleeding lesions and measurements of the white
pulp area of the spleen.

On observation of bleeding lesions in lymphoid
tissue, no difference was found (Table 2). In this
study, there was bleeding in the entire treatment
group. This happened because the spleen serves
itself as a place of blood cell formation as well as a
place of destruction of blood cells that have been
damaged and is tasked with removing unneeded
substances in the body. In addition, bleeding in
lymphoid tissue can occur due to chemical exposure
(Ward et al,, 1999) including sodium nitrite, and
trauma (Hidayati et al, 2018). The presence of
nitrites in the body can cause blood pressure to be
low due to a lack of erythrocyte and hemoglobin
levels, causing the depletion of hemoglobin's ability
to transport oxygen. The presence of nitrites in the
human body can result in a hemoglobin change into
methemoglobinemia (Durio et al.,, 2020). The high
content of methemoglobinemia in the body can
cause tissue hypoxia. Tissue hypoxia can cause
oxidative stress and produce free radicals, resulting

in bleeding. Discharge in lymphoid tissue can also
occur if the rats used are subjected to physical
trauma, such as injury. Bleeding in lymphoid tissue
is included in one form of immune response carried
out by the spleen (Petrone et al., 2017).

The results of the white pulp’s average area,
necrosis can be seen from the shrinkage of the area
or diameter of the white pulp (Suttie, 2006).
Administration of sodium nitrite leads to focal
necrosis and shrinkage of lymphoid tissue. Table 3
showed that the PC group given sodium nitrite for
30 days experienced a greater shrinkage of the
white pulp area than the NC group.

This shrinkage of the white pulp area may be
due to the presence of the sodium nitrite effect.
Sodium nitrite can cause the accumulation of lipid
peroxidase in lymphocyte cells. Lipid peroxidase
will  affect
fluidity, as well as membrane
function. This is what
lymphocyte cells which reduces the number of
lymphocyte cells and shrinks the white pulp area
(Mohammed, 2014; Amin et al., 2016).

The results of the white pulp average area
show that the group with ethanol extract of A.
calamus L. rhizome at doses of 250 and 500 mg/kg
BW is closer to the white pulp area of the NC group
(Table 38), where the antioxidant activity of A.
calamus L. rhizome is in the dose range of 250-500
mg/kg BW (Palani et al, 2010; Sindelar &
Milkowski 2012). This may be due to the presence
of secondary metabolites in the ethanol extract of 4.
calamus L. rhizomes such as flavonoids, tannins, and
alkaloids (Muchtaromah et al., 2017) that are
known to have antioxidant activity with an ICso
value based on Barua et al., 2014 study that is ICs,
54.82 (DPPH radical scavenging activity), ICso
118.802 (nitric oxide scavenging activity), ICso
109.45

membrane crosslinking, membrane
structure and

causes necrosis of
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Figure 1. Spleen bleeding lesions. NC: induced CMC 0.5% for 40 days, PC: induced NaNO2 sub-acute dose (50
mg/kg BW) for 30 days + CMC 0,5% for 25 days, T1: induced NaNO2 sub-acute dose (50 mg/kg BW) for 30 days
+ ethanol extract of 4. calamus L. with dose 250 mg/kg BW for 25 days, T2: induced NaNO2 sub-acute dose (50
mg/kg BW) for 30 days + ethanol extract of 4. calamus L. with dose 500 mg/kg BW for 25 days, T3: induced
NaNO2 sub-acute dose (50 mg/kg BW) for 80 days + ethanol extract of 4. calamus L. with dose 750 mg/kg BW
for 25 days. Multifocal bleeding (red circle). H&E; 40X

Figure 2. The spleen histology results in a different group. NC: induced CMC 0.5% for 40 days, PC: induced
NaNO2 sub-acute dose (50 mg/kg BW) for 30 days + CMC 0,5% for 25 days, T1: induced NaNO2 sub-acute dose
(50 mg/kg BW) for 30 days + ethanol extract of 4. calamus L. with dose 250 mg/kg BW for 25 days, T2: induced
NaNO2 sub-acute dose (50 mg/kg BW) for 80 days + ethanol extract of 4. calamus L. with dose 500 mg/kg BW
for 25 days, T3: induced NaNO2 sub-acute dose (50 mg/kg BW) for 30 days + ethanol extract of A. calamus L.
with dose 750 mg/kg BW for 25 days. White pulp (yellow arrow), central artery (red circle), germinal center
(black arrow), H&E. (Scale bar 100 pm; 40X) hydroxyl radical (scavenging activity) and 1Cso 88.3 (superoxide
radical scavenging activity). with flavonoid levels in an extract of 4. calamus L. rhizome of 5.30 mg Quercetin
Equivalent (QE)/g (Rawat et al., 2016). Flavonoids have the function of maintaining cell structure by
stopping reactions from free radicals mediated by cytotoxicity and lipid peroxidation, as well as stabilizing
free radicals (Datta et al. 2004.).
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In the T3 group, the average white pulp area is
much larger and different than in other groups.
This can occur due to the toxic effect of ethanol
extract of 4. calamus L. rhizome at a dose of 750
mg/kg BW it causes hyperplasia of lymphocyte
cells in the white pulp (Figure. 2). Lymphocyte
hyperplasia in white pulp is an increase in the
number of polyclonal lymphocytes (Suttie, 2006).
Hyperplasia is a form of immune response carried
out by cells to antigens in the body (Kumar et al,
2012). Hyperplasia is closely related to the
vacuolization of red pulp cells (Anwar et al., 2018)
but it is not explained exactly what the correlation
is. A Study conducted by (Shah et al. 2012) showed
that the safe dosage of ethanol extract of 4.
calamus L. was 600 mg/kg BW. The administration
of ethanol extract of 4. calamus L. rhizome at a dose
of 800 mg/kg BW vacuolization occurred in the red
pulp of the spleen (Nath et al., 2017).

This is thought to be the cause of the
expansion of the white pulp region in the T3 group.
White pulp hyperplasia and red pulp vacuolization
in the spleen may occur due to the high dose of
ethanol extract of 4. calamus L. rhizome that caused
an increase in the white pulp area. The effect of
these toxic substances can occur when there is a
biochemical interaction between the toxic
substances in the extract and the cells in the white
pulp. Chemical compounds are toxic when given in
excessive doses. One of the compounds that is
potentially of A.
calamus L. rhizome is f—asarone. The essential oil of

toxic from ethanol extract

A.  calamusl.. contains several
compounds (up to 96%) as the phenolic ether
“asaron”. of asarone,
including a-asarone, B-asarone, and y-asarone.

One of the forms of asarone that is likely to

have the worst impact on health is B-asarone. —

phytochemical

There are three forms

asarone is a pro-carcinogenic compound whose use
has been prohibited by CEFS (Council of European
Committee on Food and Flavoring) (Mittal et al.
2015) and the FDA (Food and Drug
Administration)  because it has  potential
carcinogenic effects, which is delivered from triploid
and tetraploid strains, while 4. calamus L. plants are
low in B-asaron content, delivered from diploid and
hexaploid strains (Sharma et al. 2020). Toxicology
studies show that B-asaron caused hepatocellular
carcinoma, mutagenic, genotoxic, and teratogenic
effects on animal models (Matin et

al., 2022; Zhang I., 2022). Because of its toxic effect,
it is suspected that tannin and [-asaron compounds

present in the extract with the highest

consentration (750 mg/kg BW) cause the expansion
of the white pulp region in the T8 group.
Ecological, geographical location, and seasonal
variation are some of the factors that affect the large
content of asaron compounds (Mittal 2015).

CONCLUSION

The administration of ethanol extract of 4.
calamus L. rhizome affects the weight, length, and
width of the spleen (P<0.05) but the size of the
organ is still in the category. On
histological observation, administration of 4.
calamus L. rhizome ethanolic extract did not affect
the bleeding lesions of the lymphoid tissue but had a
noticeable effect on the white pulp area of the rat
spleen induced with sodium nitrite (P<0.05) . A
dose of 250 mg/kg BW A. calamusL. rhizome
ethanolic extract has an impact on improving the
size of the spleen weight and width length; dose of
500 mg/kg BW has an impact on improving the
size of the spleen weight and length; and a dose 750
mg/kg BW has an impact on improving spleen
width length. While doses of 250 and 500 mg/kg
BW rhizome extract repair lymphoid tissue.
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