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Abstract. Andrographis paniculata, AP, is one of the herbs that are widely utilised as an 

alternative medicine for its active ingredients, especially andrographolide, which acts as an anti-

inflammatory, antibiotic, and immunomodulator. Andrographolide’s use as an 

immunomodulator in many animal models has been recorded, but the effect on the spleen of 

mice infected by bacteria, particularly Salmonella sp. has yet to be done so far. Forty mice were 

grouped into five different treatments in a completely randomised design: control negative 

(uninfected, untreated mice), control positive (infected, untreated mice), AP1 (infected, 

200mg/kg BW AP), AP2 (infected, 300mg/kg BW AP), and AP3 (infected, 400mg/kg AP). The 

collected data was analysed to determine the effect of AP extract on mice’s spleen. The results 

showed that AP extract maintain the tissue damage of the spleen in Salmonella-infected mice to 

be minimum, as compared to the control positive. AP3 treatment has not been proved to repair 

the damaged tissue of spleen infected with Salmonella sp.  
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Abstrak. Andrographis paniculata, AP, merupakan salah satu herba yang banyak digunakan 

sebagai obat alternatif karena kandungan senyawa aktifnya, terutama andrografolid, yang 

berperan sebagai antiinflamasi, antibiotik, serta imunomodulator. Penggunaan andrografolid 

sebagai imunomodulator telah banyak diujikan pada berbagai hewan coba, namun efeknya 

terhadap limpa mencit yang terinfeksi bakteri, khususnya Salmonella sp., masih belum banyak 

diteliti. Sebanyak 40 ekor mencit dikelompokkan menjadi lima kelompok perlakuan dan 4 

ulangan menggunakan rancangan acak lengkap. Perlakuan terdiri dari kontrol negatif (tanpa 

infeksi, tanpa pemberian AP), kontrol positif (diinfeksi, tanpa pemberian AP), AP1 (diinfeksi, 

pemberian AP 200 mg/kg BB), AP2 (diinfeksi, pemberian AP 300 mg/kg BB), dan AP3 

(diinfeksi, pemberian AP 400 mg/kg BB). Data mengenai organ limpa dianalisa untuk 

menentukan efek pemberian ekstrak AP pada mencit. Hasil penelitian menunjukkan bahwa 

pemberian ekstrak AP mampu menjaga efek kerusakan jaringan pada organ limpa mencit yang 

terinfeksi Salmonella sp menjadi minimal jika dibandingkan dengan kontrol positif. Perlakuan 

AP3 belum mamp menunjukkan perbaikan jaringan limpa akibat infeksi Slamonella sp. 

Kata kunci: Andrographis paniculata, imunomodulator, Salmonella, limpa, infeksi 

1. Introduction  

Artificial supplements have been widely used as complementary nutrients to address the 

deficiency in one’s diet. However, its bioavailability is considerably lower than that of the natural 

supplements, and it poses a risk of toxicity if taken continuously or in large amounts [1]. These 

supplements include a variety of vitamins, micronutrients, and other compounds assumed to be 

beneficial to the body. In western countries, the use of natural supplements (nutraceuticals) has increased 

despite the criticism for the lack of clinical evidence, claims of effects, and issues of self-medication [2].  

Various research and efforts have been conducted to prove the effectiveness of naturally sourced 

compounds, especially for drugs, compared to their synthetic counterparts.  
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Sambiloto (Andrographis paniculata/AP) is one of the important plants for natural medication 

and can be potentially used as phytogenic feed additives/PFA as it contains many active constituents. 

PFAs are mostly used to increase the digestibility and absorption of nutrients and also to control 

pathogenic bacteria in the animals’ gut [3] [4]. The andrographolide compounds have been associated 

with antibacterial, anti-viral, and immunomodulatory effects [5]. An immunomodulator is an active 

compound that helps regulate an individual's immune system.  

The spleen is a crucial immune organ responsible for initiating immune reactions and regulating 

the regeneration of red blood cells [6]. It is suggested that spleen weight correlates with the cellular 

immune response inside the spleen in some cases, such as skin inflammation [7] and tumours [8]. It can 

be inferred that the heavier the spleen, the more active is the immune response. However, the spleen 

weight cannot be a determining factor in measuring the immune response. A histopathological reading 

of the spleen is needed to measure the mice's immune response to an infection.  

Various studies have been done to explore the immunomodulatory effect of AP. Still, its specific 

impact on the spleen, especially regarding the immune modulatory effect on infected mice, has not been 

recorded yet. This research aimed to analyse the impact of AP ethanolic extract on the spleen of mice. 

To examine the effectiveness of AP extract, the mice were infected with Salmonella sp.  

2. Research Methods  

2.1 Ethical clearance 

This study was ethically approved by Brawijaya University Animal Care and Use Committee, 

together with approval number/ID (102-KEP-UB-2024).  

2.2 AP extract preparation 

The AP leaves were collected from local sources. The leaves were then sun-dried before being 

put in a 60 °C oven for 24 hours. The dried leaves were ground and made into a fine powder. AP extract 

was made according to maceration methods by mixing AP leaf flour with 96% ethanol at a 1:5 ratio, 

and it was continued by evaporating the macerates until a pure extract was obtained [9]. 

2.3 Research procedure 

Forty adult female mice were grouped into five treatment groups consisting of control negative/C- 

(uninfected and untreated mice), control positive/C+ (Salmonella-infected, untreated mice), AP1 

(Salmonella-infected, treated with 200 mg/kg BW AP), AP2 (Salmonella-infected, treated with 200 

mg/kg BW AP), and AP3 (Salmonella-infected, treated with 400 mg/kg BW AP). The mice were reared 

for a total of 30 days. For the first 7 days, the mice were put on an adaptation period and were not treated.  

The AP was given by oral gavage according to the groups for 21 days after adaptation. On day 

22, the C+, AP1, AP2, and AP3 groups were infected with 106 CFU (colony-forming unit) of Salmonella 

sp orally [10] [11]. The mice were then sacrificed 48 hours after infection.  

The mice were euthanised using chloroform, and the organs were collected, weighed, and put in 

formaldehyde solutions for storage before being made into tissue histology slides. The slides were made 

by the standard process and stained with HE (hematoxylin-eosin). This research was done by a 

completely randomised design with 5 treatment groups and 4 repetitions. The reading of slides was done 

qualitatively by comparing the tissue with normal spleen tissue, and quantitatively by scoring system 

[12]. The spleen tissue score was ranged from 0 (no necrosis), 1 (focal/light necrosis), 2 

(multifocal/moderate necrosis), and 3 (severe/diffuse necrosis) [12].  The data collected were weight, 

relative weight, and histopathological features of the spleen. The weight and relative weight of the spleen 

organ were measured and analysed quantitatively by ANOVA. 

3. Results and Discussion  

3.1. Spleen macroscopic features 

The results (Table 1) indicated that AP extract treatment did not affect the spleen weight of mice 

infected with Salmonella sp. The spleen is the organ responsible for the body's immune defence. In this 

research, the spleen weight was not significantly affected either AP extract treatment. An increase in 
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spleen weight may lead to splenomegaly, an abnormal enlargement of the spleen. The increase in spleen 

organ weight might indicate various conditions, including being overweight due to a high-fat, high-

sugar diet [13], liver inflammation [14], and tumour growth [8]. Infection by Plasmodium berghei also 

caused splenomegaly in mice [15]. Previous research also concluded that the spleen of immunodeficient 

mice is relatively smaller than that of normal wild-type mice [16]. 

However, AP extract treatment demonstrated an increase in the spleen-to-body weight ratio. An 

organ-to-body weight ratio indicates the weight proportion of an organ to body weight. The increased 

value shown in Table 1 might be due to the reduced body weight of treatment groups compared to 

control groups, which is related to stress. The treatment utilised oral gavage, which was administered to 

the mice daily. There was significant weight loss in the treatment groups’ mice. A decrease in body 

weight accompanied by constant spleen weight resulted in an increase in spleen relative weight to body 

weight. The highest spleen-relative weight was observed in the AP2 treatment compared to other 

treatments. 

Table 1. Spleen weight and spleen to body weight ratio of mice treated with different doses of 

Andrographis paniculata extract  

Treatment 

group 

Spleen Weight 

(gram) 
Body weight (gram) 

Spleen to body weight 

ratio (%) 

C- 0.28 ± 0.04 27.43 ± 2.07 0.95 ± 0.08b 

C+ 0.30 ± 0.06 27.50 ± 2.15 1.09 ± 0.09ab 

AP1 0.34 ± 0.12 25.83 ± 2.48 1.33 ± 0.28ab 

AP2 0.36 ± 0.15 25.00 ± 2.63 1.43 ± 0.40a 

AP3 0.25 ± 0.06 23.50 ± 3.82 1.05 ± 0.11ab 
Note: different superscripts (a,b) on the same column indicate significant differences between treatments 

As mentioned before, the spleen weight is related to the immunomodulatory response of cells in 

the spleen. Splenomegaly has been mentioned to be positively correlated with the increase of cellular 

immune response, which usually happens during inflammation or infection. Although the body weight 

of the treatment group decreased, the spleen weight of all groups was not different statistically. This can 

be interpreted that even if the treatment group mice were in a constant stressed state, it did not affect 

their immune response. However, the spleen weight and spleen-to-body weight ratio cannot be the sole 

indicators of mice’s immune response. Further histopathological findings shall be used as consideration 

for making a diagnosis of spleen function. 

3.2 Spleen microscopic features 

The spleen is the main organ supplying white blood cells. The decrease or increase of the immune 

system is typically linked to spleen function. Spleen tissue examination can be used as a pointer to the 

immune system quality and strength. The microscopic view of the mouse spleen tissue treated with AP 

extract and infected with Salmonella sp. is shown in Figure 1. Observation of spleen tissue in mice in 

the negative control treatment (C-) showed normal tissue consisting of red pulp dominated by 

erythrocyte cells, and white pulp dominated by white blood cells. There is a clear boundary between the 

white pulp and red pulp, with the spleen capsule (KP) still intact. The spleen tissue picture in the control 

positive treatment (C+) showed an unclear boundary between the red pulp and white pulp areas. This 

may occur due to increased activity of the white pulp in the spleen, which may be due to Salmonella 

typhi infection [17]. 

Salmonella sp is one of the bacteria that has the ability to infect a variety of hosts, including 

humans, rodents, poultry, and ruminants and cause long-term infections that are systemic [18].  

Salmonella sp bacteria generally attack the digestive system, but the infection can also take place 

systemically and can be detected through various organs, including the intestines, liver, spleen, kidneys, 

and even the brain [19] [20] [21] [10]. The observation of spleen tissue in the control positive treatment 

(C+) also showed visible congestion in the blood vessels caused by spleen tissue damage. Observations 

also showed localised tissue damage in the form of necrosis, which was suspected to be at the stage of 
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karyopyknotic due to the visible cell shrinkage and an increase in basophilia that occurs because DNA 

is compressed into a solid basophilic mass.  

The results of observations of the spleen tissue of mice in the AP1 treatment (dose of 200 mg/kg 

BW) showed that the red pulp and white pulp were still clearly visible and intact. Observations also 

showed congestion in the blood vessels. Yellow arrows indicate localised tissue damage that is thought 

to be due to spleen tissue necrosis. The condition of the spleen tissue, in general, in the AP1 treatment 

is not so different when compared to the positive control treatment. The continuous administration of 

AP extract for 21 days before infection is thought not to have been able to minimise spleen damage 

caused by Salmonella sp infection. 

 

 

Figure 1. The microscopic view of the spleen of mice treated with AP extract and infected with 

Salmonella sp. RP (Red pulp), WP (white pulp), KP (capsule of spleen), Black arrow 

(congestion), yellow arrow (tissue degeneration) 

The picture of spleen tissue in the AP2 treatment (dose of 300 mg/kg BW) showed congestion in 

the blood vessels (black arrows). Observations also showed localised tissue damage that was thought to 

be due to necrosis of the spleen tissue. Interpretation of the results of the examination assumes that 

spleen tissue damage by Salmonella sp. infection can still be observed in mice given AP extract at a 

dose of 300 mg/kg BW.  

Observation of spleen tissue images in the AP3 treatment (dose of 400 mg/kg BW) showed 

unclear boundaries (diffuse) between the red pulp and white pulp areas. The spleen capsule is still visible, 

but in the capsule area, there is tissue necrosis. This spleen tissue damage is thought to be due to 

Salmonella sp. infection. The administration of AP extract at a dose of 400 mg/kg BW has not been able 

to repair the damage that occurs in the spleen of mice by Salmonella sp. The administration of water 

and ethanol extracts of AP is known to protect liver, kidney, heart, lung, and spleen tissue damage in 

rats given a nicotine challenge [22], however in this research, a 400 mg/kg BW of AP ethanolic extract 

did not present the same result. Research by [22] mainly focusing in the function of the spleen by 

analyzing the protein oxidation activity, meanwhile this research focuses on the histopathological effect 
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of AP extract. Even given the highest dose of 400 mg/kg BW, the damage caused by Salmonella 

infection could not be repaired instantly. Considering that the organ collection was done 48 hours after 

infection, the damage inflicted by Salmonella on spleen tissue was not fully recovered yet. Further 

research is needed in order to examine the spleen tissue condition of Salmonella-infected mice treated 

with AP extract in longer period. 

Overall, spleen tissue damage seen in mice treated with AP extract (AP1, AP2, and AP3) has not 

shown improvement when compared to the positive control treatment. This study's results differ from 

the study of in vivo administration of andrographolide to spleen cells of mice immunised with hepatitis 

B antigen, which showed a decrease in cells producing interleukin 4 [23]. A longer study time is needed 

to see how far the effect of administration of AP extract on the improvement of the spleen tissue picture 

of mice infected with Salmonella sp. Studies show that infection by Salmonella sp can last up to 6 

months [24], so it is suspected that the administration of AP extracts up to a dose of 400 mg/kg BW for 

21 days before infection has not been able to prevent spleen tissue damage. 

3.3 Spleen tissue score 

Aside from the qualitative examination, the spleen tissues were also examined quantitatively by 

scoring. The scoring of spleen tissues is displayed in Table 2. The scores consisted of four levels: score 

1 for normal tissue; score 2 for focal or light bleeding or necrosis; score 3 for multifocal or moderate 

bleeding or necrosis; and score 4 for diffused or heavy bleeding or necrosis [12]. 

Table 2. Spleen histopathological scoring of mice treated with different doses of Andrographis 

paniculata extract. 

Treatment group Spleen tissue score 

C- 1.42 ± 0.23a 

C+ 3.00 ± 0.42c 

AP1 2.35 ± 0.09b 

AP2 2.00 ± 0.20b 

AP3 1.85 ± 0.38ab 
Note: different superscripts (a,b,c) on the same column indicate significant differences between treatments 

The control negative and AP3 treatment groups exhibited similar results of spleen tissue score 

between 1.42 and 1.85. Those scores are higher than normal (score 1), but still lower than score 2, which 

indicates light bleeding and/or necrosis of spleen tissue. This indicated that AP extract at a 400 mg/kg 

BW dose improved the spleen tissue of Salmonella-infected mice to a level similar to that of uninfected 

mice (control negative). The highest tissue score was demonstrated by the control positive treatment. 

This indicated that the spleen tissue of Salmonella-infected mice underwent moderate or multifocal 

bleeding and/or necrosis.  

Those damages caused by Salmonella sp infection in this study were not considered heavy 

necrosis, which might be due to the duration of the infection. The acute infection model demonstrated 

in this study has not yet damaged the spleen tissue much. Salmonella sp is a multi-species infectious 

agent, including humans, rodents, poultry, and ruminants, and it causes chronic and systemic infection 

[18]. The Salmonella infection in this study was categorised as an acute infection, in which the samples 

were taken two days after the bacterial inoculum was given to the mice. In an acute infection, a drastic 

increase in the spleen’s activity is indicated by bleeding, swelling, and tissue inflammation. The spleen 

acts in regulating the white blood cells, thus increasing activity during infection.  

The tissue scores of the spleen recorded in this study improved gradually from the control positive, 

AP1, AP2, AP3 and control negative treatments. This can be interpreted that on infected mice, the spleen 

tissue showed the worst damage compared to other treatments (C+ versus C-, AP1, AP2, and AP3). 

However, administration of AP extract at 200 mg, 300 mg, and 400 mg/kg BW doses showed improving 

score of spleen tissue to a similar score on non-infected/control negative, especially in AP3 (1.42 and 

1.85, respectively). However, even at the highest dose of 400 mg/kg BW, Andrographis paniculata 

extract did not manage to repair all the damage caused by Salmonella infection in the mice’s spleen. 
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4. Conclusions  

Treatment of Andrographis paniculata extract for mice as an immunomodulator up to 400 mg/kg 

bodyweight still did not manage to repair the tissue damage of the spleen caused by Salmonella sp. 

infection. However, the spleen tissue damage was not observed macroscopically, and the spleen weights 

were normal.  
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