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 Arabic jujube leaves (Ziziphus spina-christi L.) contain various bioactive 

compounds and dichloromethane extract from the roots exhibits 

immunomodulatory activity. This study aims to determine the activity of 

a 70% ethanol extract of Arabic jujube leaves as an immunomodulator in 

male white rats based on macrophage phagocytic activity and capacity. 

Arabic jujube leaves were macerated for 24 hours. Rats were divided 

into 6 treatment groups. Each group consisted of 4 rats. Group I was 

administered water as a normal control, Group II was given Na-CMC as 

a negative control, and Group III was administered 2.7 mg/0.54 mL 

Phyllanthus niruri L. (P. niruri) product as a positive control, and 

Groups IV-VI were given 70% ethanol extract of Arabic jujube leaves at 

doses of 100, 200, and 400 mg/kg BW. On the 8th day, Groups II - VI 

were infected with Staphylococcus aureus. The average values of 

macrophage phagocytic activity in mice treated with the 70% ethanol 

extract of Arabic jujube leaves at doses of 100, 200, and 400 mg/kg BW 

were 65.25%, 73.50%, and 79.75%, respectively, whereas the 

macrophage phagocytic capacities were 448.5, 479.0, and 537.3, 

respectively. The higher the dose of extract, the higher the macrophage 

phagocytic activity and capacity, which indicates greater 

immunomodulatory activity. ANOVA showed that the macrophage 

phagocytic activity and capacity significantly differed among Groups I-

VI. Data analysis using Duncan’s test showed that the phagocytic 

activity in Group III (positive control) was not significantly different 

from Group IV (treated with 400 mg/kg BW 70% ethanol extract of 

Arabic jujube leaves), whereas the phagocytic capacity of macrophages 

in the peritoneum of rats in the test groups significantly differed from the 

positive control group. Based on these results, it can be concluded that 

the 70% ethanol extract of Arabic jujube leaves has immunomodulatory 

activity in rats. The phagocytic activity of the 70% ethanol extract of 

Arabic jujube leaves at a dose of 400 mg/kg BW was not significantly 

different from that of the P. niruri product at a dose of 2.7 mg/0.54 mL, 

but its phagocytic capacity was slightly reduced. 
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1. Introduction 

The presence of microorganisms entering the human body serve as antigens stimulating an immune 

response. The cells of the immune system are classified into two general groups: nonspecific or innate 

immune cells and specific or adaptive immune cells [1]. Innate immune cells can react quickly, whereas 

adaptive immune cells have a delayed response that takes days to fully develop but continues to form 

immunological memories. One of the innate immune cells that can respond quickly is macrophages [2]. 

 

Macrophages are phagocytic cells capable of ingesting and destroying microorganisms present in the body 

[2]. Macrophages originate from bone marrow promonocytes. After differentiation into monocytes in the 

blood, these cells live in the tissues to become mature macrophages and form a mononuclear phagocyte 

system. Macrophages are found in all body tissues and are relatively long lived [3]. Agranulocyte 

monocytes, such as macrophages, are often called antigen-presenting cells (APCs) given their efficient 

ability to internalize and destroy microorganisms in the body. 

 

Immunomodulators are natural or synthetic substances that help regulate and normalize the immune system. 

Immunomodulators restore an imbalanced immune system in the body. The function of immunomodulators 

is to activate macrophages and granulocytes by increasing phagocytosis [4]. Several plants, such as 

phytopharmaca, exhibit efficacy as immunomodulators, including Echinaceae purpurea and Phyllanthus 

niruri. One of the main components found in Phyllanthus niruri is flavonoids [5], [6]. 

 

Flavonoids are one of the main compounds found in Arabic jujube leaves (Ziziphus spina-christi L.). 

Ziziphus spina-christi L. ZSCL is a type of plant used for various medicinal purposes, such as to heal 

wounds, treat several skin diseases and inflammatory conditions, based on its antimicrobial and anticancer 

activities [6]. ZSCL is reported to contain compounds that have activity as protease inhibitors from SARS-

CoV-2 [7]. ZSCL exhibits effective antioxidant, hepatoprotective, antimicrobial, antidiabetic and 

antihyperglycaemic effects and acts as an immunomodulator [8- 10]. Ziziphus mauritiana is a plant of the 

same family as ZSCL, namely, Rhamnaceae, showing immunomodulatory activity from its root extract 

[11]. 

 

The existence of potential as a source of natural ingredients as immunomodulators is the background of this 

study to prove the in vivo immunomodulatory activity of ZSCL leaf extract. This study tested the 

immunomodulatory activity of a 70% ethanol extract of ZSCL leaves based on the activity and capacity of 

phagocytic macrophages in male white rats. 

 

2. Materials and Methods 

 

2.1 Ethical Review 

The Ethical Review was conducted at the Ethics Commission of Health Research Universitas Pembangunan 

Nasional Veteran Jakarta. Ethical approval was obtained under No. 94/I/2021/KEPK dated January 26, 

2021. 

 

2.2 Production of 70% Ethanol Extract of ZSCL Leaves 

Determination of ZSCL plants was performed in the Biota Collection Room, Faculty of Mathematics and 
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Natural Sciences, Universitas Indonesia, Depok, West Java. The plants were then washed, dried, and made 

into simplicia powder. Simplicia powder was macerated with 70% ethanol at the Research Institute of 

Spices and Medicinal Plants (BALITRO), Bogor, West Java. 

 

2.3 Determination of Ash Content and Phytochemical Screening of 70% Ethanol Extract from ZSCL 

Leaves 

Standardization of the 70% ethanol extract of ZSCL leaves includes determination of ash content and 

phytochemical screening [11], [12]. Standardization was performed at the Testing and Research Services 

Laboratory (Q-Lab), Faculty of Pharmacy, Universitas Pancasila, Jakarta. 

 

2.4 Production of Staphylococcus aureus Bacteria Suspension 

The production of a Staphylococcus aureus bacterial suspension with a density of 3.0 x 108 CFU/mL [13] 

was performed at the Bacteriology Laboratory, Faculty of Veterinary Medicine Institut Pertanian Bogor, 

West Java. 

 

2.5 Grouping of Test and Treatment Animals 

Male white rats were divided into 6 groups. Each group consisted of 4 rats. The normal control group 

(Group I) was given distilled water, and the negative control group (Group II) was given Na-CMC orally 

for 7 days of treatment. The positive control group (Group III) was administered Phyllanthus niruri product 

(2.7 mg/0.54 mL) orally for 7 days. Groups IV-VI were administered 70% ethanol extract of ZSCL leaves 

at doses of 100 (low), 200 (medium), and 400 (high) mg/kg BW orally for 7 days. Then, on the 8th day, 

groups II to VI were infected with Staphylococcus aureus bacterial suspension intraperitoneally and left for 

1 [3], [13]. 

 

2.6 Macrophage Phagocytic Activity and Capacity Test Procedure 

On the 8th day, Groups II to VI were infected with a Staphylococcus aureus bacterial suspension at a density 

of 3.0 x 108 CFU/mL intraperitoneally and then left for 1 hour. Then, all groups of test animals were 

euthanized by cervical dislocation, and surgery was performed on the abdominal cavity of the rats using 

surgical scissors and sterile tweezers. Peritoneal fluid was obtained using a syringe. The peritoneal fluid 

was smeared and fixed with methanol for 5 minutes, stained with Giemsa dye, allowed to stand for 20 

minutes, rinsed with running water and dried. The preparations were viewed under a microscope at a 

magnification of 10 x 100 times with immersion oil. The obtained macrophages were counted manually 

using a finger counter tool. Macrophage phagocytic activity and capacity were calculated using standard 

formulas as follows. The phagocytic activity and phagocytosis index were determined based on the 

percentage of the number of macrophages that were actively carrying out the phagocytosis process of the 

total of 100 macrophages. The phagocytic capacity was determined based on the number of Staphylococcus 

aureus bacteria phagocytosed by 50 active macrophages [3]. 

 

2.7 Data Analysis 

One-way analysis of variance (ANOVA) was used to determine the effect of the 70% ethanol extract of 

ZSCL leaves on the activity and phagocytic capacity of macrophages. The data tested were the overall 

average macrophage phagocytic activity and capacity on Day 8 for the positive, negative and normal 

control groups. The application used is SPSS 25.0 for the MacOS program at p = 0.05. ANOVA was 

continued with Duncan’s test to determine significant differences between the treatment groups. 

 

3. FINDINGS AND DISCUSSION 
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3.1 Production of ZSCL Leaf Extract by Maceration 

The ZSCL leaf extract obtained was characterized as a thick extract with a dark green colour and a yield of 

9.68%. The extraction process was performed using the maceration method. Extraction was expected to 

attract relatively polar compounds so that 70% ethanol was used as a solvent. Maceration is a cold 

extraction without heating [8], [9] such that thermolabile compounds can be extracted. Maceration was also 

performed in a closed room to avoid the effect of sunlight on the stability of the extracted compounds. 

 

3.2 Gravimetric Determination of Ash Content of 70% Ethanol Extract of ZSCL Leaves 

The percentage ash content of the 70% ethanol extract of ZSCL leaves obtained was 2.45%. This finding 

indicates that the ash content of the 70% ethanol extract of ZSCL leaves meets the applicable requirements 

in Indonesia. Ash content is a very important parameter that provides an overview of the mineral content or 

inorganic compounds contained in the extract. The function of the ash content is to determine the purity 

level of an extract. A percentage ash content value that is less than the percentage of the referenced value 

indicates better extract quality [8], [9]. 

 

3.3 Phytochemical Screening of 70% Ethanol Extract of ZSCL Leaves 

Phytochemical screening aims to determine the group of chemical compounds or secondary metabolites 

contained in the 70% ethanol extract of ZSCL leaves. Table 1 shows that the phytochemical screening 

results on the 70% ethanol extract of ZSCL leaves were positive for alkaloid, flavonoid, saponin, tannin, 

and steroid/triterpenoid compounds (Table 1). Positive results from flavonoid compounds were indicated by 

the occurrence of a yellow colour change in the amyl alcohol layer. Positive results from saponin 

compounds were indicated by the formation of stable foam [8]. Positive results of alkaloid compounds were 

indicated by the formation of a brown precipitate using Wagner reagent. Positive results from steroid 

compounds were indicated by the formation of a bluish green colour, and the presence of triterpenoid 

compounds was indicated by the formation of a purple red colour. Positive results of tannin compounds 

were indicated by the occurrence of a greenish black colour change [8], [14]. 

 

Phytochemical screening is a preliminary stage that can provide an overview of certain compound contents 

in the active ingredients being studied. ZSCL leaves contain flavonoid, alkaloid, saponin, tannin and 

triterpenoid compounds [15]. Based on the results of the phytochemical screening, Arabic jujube contains 

these secondary metabolites. This finding shows that the maceration method can be used in the extraction 

process of 70% ethanol extract of ZSCL leaves to extract flavonoid, alkaloid, saponin, tannin and 

steroid/triterpenoid metabolites contained in the extract. 

 

Table 1 Phytochemical screening results of the 70% ethanol extract of ZSCL leaves 

Group 
Screening Results on 

Extracts 

Flavonoid Positive 

Alkaloid Positive 

Saponin Positive 

Tanin Positive 

Steroid/Triterpenoid Positive 

 

Various flavonoid compounds in ZSCL leaves, including flavonol (quercetin), have immunomodulatory 

activity [16]. The total flavonoid content of the ZSCL leaf ethanol extract was 1.5312% [17]. Flavonoids 

inhibit lipoxygenase enzymes that play a role in prostaglandin biosynthesis. Mechanistically, flavonoids are 

good reducing compounds that inhibit the oxidation reaction due to bacteria. Interleukin-12, which is 

activated by flavonoid compounds, can increase lymphocyte cell proliferation and stimulate the activation 
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of helper 1 T cells. Activated helper 1 T cells express the cytokine interferon , which can activate 

macrophages. Activated macrophages then strengthen the phagocytic process and fight infection from 

microorganisms [18]. Flavonoids, as immunostimulants, act as intracellular stimulants to induce the 

function of macrophages and T cells. Activation of macrophages by flavonoid compounds contained in 

ZSCL leaves increase the activity of phagocytic macrophages and eliminate incoming infections. 

 

3.4 Macrophage Phagocytic Activity and Capacity in Rat Peritoneal Fluid 

The increase in phagocytic activity of rat peritoneal macrophages is presented in Table 2. The phagocytic 

activity data obtained were tested for normality and homogeneity. These tests revealed that the data were 

normally distributed and homogeneous. Thus, the data could be analysed by parametric statistics using one-

way ANOVA. 

 

Table 2 Rat peritoneal macrophage phagocytic activity (%) 

Treatment 

Group 

Phagocytic Activity (%) of Rats 

1 2 3 4 ∑X Average SD 

I 50 53 52 50 205 51.25 1.50 

II 53 56 58 54 221 55.25 2.22 

III 83 87 86 78 334 83.50 4.04 

IV 65 63 64 69 261 65.25 2.63 

V 71 74 73 76 294 73.50 2.08 

VI 78 80 78 83 319 79.75 2.36 

Notes: 

I Normal control group was administered aquadest. 

II  Negative control group was administered Na-CMC. 

III Positive control group was administered Phyllanthus niruri product (Stimuno syrup). 

IV Test group 1 was administered 70% ethanol extract of ZSCL leaves at a dose of 100 mg/kg BW. 

V Test group 2 was administered 70% ethanol extract of ZSCL leaves at a dose of 200 mg/kg BW. 

VI Test group 3 was administered 70% ethanol extract of ZSCL leaves at a dose of 400 mg/kg BW. 

 

Table 2 presents macrophage phagocytic activity observed in individuals from Groups I – VI. Macrophage 

phagocytic activity differed among the groups. In the positive control group, the average macrophage 

phagocytic activity obtained (83.50%±4.04) was greater than that noted in Group VI (79.75%±2.36). In the 

normal control group, the average macrophage phagocytic activity obtained (51.25%±1.50) was lower than 

that observed in the negative control group (55.25%±2.22), positive control (83.50%±4.04), Group IV 

(65.25%±2.63), Group V (73.50%±2.08) and Group VI (79.75%±2.36). The average macrophage 

phagocytic activity in Group VI (79.75%±2.36) was greater than that in Group V (73.50%±2.08) and Group 

IV (65.25%±2.63). 

 

One-way ANOVA statistical test results of the macrophage phagocytic activity in rat peritoneal fluid 

obtained a significance of 0.000 (p<0.05), indicating a significant difference in the macrophage phagocytic 

activity in rat peritoneal fluid between the treatment groups. 

Data analysis with Duncan’s test yielded the following results: 

1. Data on the value of phagocytic activity in Groups III and VI are similar. The phagocytic activity in 

Group III, which served as a positive control, is not significantly different from that obtained in Group IV, 

which was administered 400 mg/kg BW 70% ethanol extract of ZSCL leaves. 

2. Data on the value of phagocytic activity in Groups I, II, IV and V differ. Phagocytic activity 

significantly differed among Group I (normal control), Group II (negative control), Group IV (100 mg/kg 
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BW 70% ethanol extract of ZSCL leaves) and Group V (200 mg/kg BW 70% ethanol extract of ZSCL 

leaves). 

 

 
Figure 1 Percentage of macrophage phagocytic activity in rat peritoneal fluid after administration of 70% 

ethanol extract of ZSCL (Ziziphus spina-christi L.) leaves. 

 

Notes: 

I Normal control group was administered aquadest. 

II Negative control group was administered Na-CMC. 

III Positive control group was administered Phyllanthus niruri product (Stimuno syrup). 

IV  Test group 1 was administered 70% ethanol extract of ZSCL leaves at a dose of 100 mg/kg BW. 

V Test group 2 was administered 70% ethanol extract of ZSCL leaves at a dose of 200 mg/kg BW 

VI  Test group 3 was administered 70% ethanol extract of ZSCL leaves at a dose of 400 mg/kg BW 

 

Figure 1 presents a histogram of macrophage phagocytic activity in rat peritoneal fluid. The histogram 

results showed that the phagocytic activity of macrophages in the peritoneal fluid of rats increased as the 

dose of 70% ethanol extract of ZSCL leaves increased. The positive control group exhibited greater 

phagocytic activity than the other groups. 

 

Table 3 shows the value of macrophage phagocytic capacity between Groups I-VI. Average macrophage 

phagocytic capacity differed among groups. In the positive control group, the average macrophage 

phagocytic capacity obtained (601.8±20.5) was greater than that of the normal control group (338.0±16.3), 

negative control (373.5±15.0), Group IV (448.5±11.6), Group V (479.0±9.6) and Group VI (537.3±15.9). 

The average macrophage phagocytic capacity in Group VI (537.3±15.9) was greater than that in Group V 

(479.0±9.6) and Group IV (448.5±11.6). 

 

Table 3 The phagocytic capacity of rat peritoneal macrophages 

Treatment 
Group 

Phagocytic Capacity of 

Rats 

1 2 3 4 ∑X Average SD 

I 356 317 336 343 1352 338.0 16.3 

II 394 358 370 372 1494 373.5 15.0 

III 578 609 594 626 2407 601.8 20.5 

IV 437 454 462 441 1794 448.5 11.6 

V 483 468 490 475 1916 479.0 9.6 

VI 555 527 546 521 2149 537.3 15.9 
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Notes: 

I  Normal control group was administered aquadest. 

II  Negative control group was administered Na-CMC. 

III  Positive control group was administered Phyllanthus niruri product (Stimuno syrup). 

IV  Test group 1 was administered 70% ethanol extract of ZSCL leaves at a dose of 100 mg/kg BW 

V  Test group 2 was administered 70% ethanol extract of ZSCL leaves at a dose of 200 mg/kg BW 

VI  Test group 3 was administered 70% ethanol extract of ZSCL leaves at a dose of 400 mg/kg BW 

 

Figure 2 presented a histogram of macrophage phagocytic capacity in rat peritoneal fluid. The histogram 

results showed that the macrophage phagocytic capacity in the peritoneal fluid of rats increased as the dose 

of 70% ethanol extract of ZSCL leaves increased. The positive control shows a greater phagocytic capacity 

than the other groups (Figure 2). The phagocytic capacity data obtained were tested for normality and 

homogeneity tests. Data were normally distributed and homogeneous, so data could be analysed by 

parametric statistics using the one-way ANOVA method. 

 

 
Figure 2 Macrophage phagocytic capacity rat peritoneal fluid after administration of a 70% ethanol extract 

of ZSCL (Ziziphus spina-christi L.) leaves 

 

Notes: 

I Normal control group was administered aquadest 

II Negative control group was administered administration of Na-CMC 

III  Positive control group was administered Phyllanthus niruri product (Stimuno syrup) 

IV Test group 1 was administered 70% ethanol extract of ZSCL leaves at a dose of 100 mg/kg BW 

V Test group 2 was administered 70% ethanol extract of ZSCL leaves at a dose of 200 mg/kg BW 

VI Test group 3 was administered 70% ethanol extract of ZSCL leaves at a dose of 400 mg/kg BW 

 

The result of the one-way ANOVA statistical test of the macrophage phagocytic capacity in rat peritoneal 

fluid obtained a significance of 0.000 (p<0.05), indicating a significant difference in macrophage 

phagocytic capacity in rat peritoneal fluid between the treatment groups. The Duncan test results showed 

that macrophage phagocytic capacity in the rat peritoneum differed among Groups I, II, III, IV, V and VI. 

The phagocytic capacity differed among Group I (normal control), Group II (negative control), Group III 

(positive control), Group IV (100 mg/kg BW 70% ethanol extract of ZSCL leaves), and Group V (400 

mg/kg BW 70% ethanol extract of ZSCL leaves). 

 

Figure 3 shows an image of active macrophage eating Staphylococcus aureus bacteria based on Giemsa 

staining and a magnification of 10 x 100. Active macrophages were indicated by the presence of some 
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Staphylococcus aureus bacteria in the macrophage cytoplasm. Staphylococcus aureus bacteria were counted 

manually using a finger counter and a microscope connected to a computer at a magnification of 10 x 100. 

Giemsa staining was indicated by the presence of Staphylococcus aureus bacteria cells that were purplish-

blue in the cytoplasm of macrophages. Macrophages consist of cytoplasm and nucleus. The nucleus has a 

darker colour than the cytoplasm because the nucleus absorbs more of the Giemsa stain. Figure 4 shows 

inactive macrophages as indicated by the lack of macrophage cytoplasm and Staphylococcus aureus 

bacteria, Inactive macrophages are darker than active macrophages. 

 

 
Figure 3 Active macrophages (arrow) ingest Staphylococcus aureus. 

Samples subject to Giemsa staining and microscopy (10x100). 

 

 
Figure 4 Inactive macrophages (arrow) ingest Staphylococcus aureus. 

Samples subject to Giemsa staining and microscopy (10x100). 

 

The phagocytic response includes phagocytic activity (number of active phagocytic cells in ±100 

phagocytic cells) and phagocytic capacity (number of phagocytic bacteria in 50 active phagocytic cells). 

The phagocytic response can be performed by 2 types of phagocytic cells, namely, PMN cells and 

macrophages. In this study, macrophage phagocytic activity and capacity were observed given that 

macrophages are the body’s first line of defence against microorganism infection. 

 

Administration of a 70% ethanol extract of ZSCL leaves to rats as an immunomodulator stimulated the rat 

immune response to microorganisms. The first immune response to protect the body from the invasion of 

these microorganisms involves nonspecific immune responses facilitated by phagocytosis and inflammatory 

reactions. Repeated stimulation of the immune response produces a specific immune response that allows 

the body to remember and produce a faster, more efficient and effective immune response. The cooperation 

of specific immune responses and nonspecific immune responses helps the body to quickly eliminate 
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pathogenic microorganisms that enter the body [18]. 

 

The administration of Staphylococcus aureus bacteria serves as introduction to the antigen to induce a 

primary immune response at the time of the first administration of the antigen. Staphylococcus aureus was 

used because it is a Gram-positive bacterium. This type of Gram-positive bacteria is able to bind the 

Giemsa colour clearly, making it easier to visualize under a microscope. This bacterium does not contain 

protein A, which is an antiphagocytic protein. Thus, Staphylococcus aureus cannot avoid phagocytosis of 

rat peritoneal macrophages. After injection with a suspension of Staphylococcus aureus bacteria, Groups II 

to VI were allowed to stand for 1 hour. This time period allows for the induction of the nonspecific immune 

system because the nonspecific immune system can work approximately 0–12 hours after infection. 

Macrophages resist infection for a period of approximately 1 hour before other immune mechanisms can be 

mobilized [19]. 

 

This study used male Wistar white rats because peritoneal fluid in these rats can increase the phagocytic 

ability of macrophages. Wistar rats have a lighter weight, making it easier to administer treatment. In 

addition, Wistar strain rats are widely used in research related to infectious diseases, and this study used 

Staphylococcus aureus bacteria. Phosphate-buffered saline (PBS) solution helps macrophages attach to rat 

organs, making it easier to obtain rat peritoneal fluids. Tables 2 and 3 show differences in the value of 

macrophage phagocytic activity and capacity between rats, which affects the ability to perform different 

phagocytic processes. Increase in the phagocytic activity and capacity of rat peritoneal macrophages were 

observed by Giemsa staining. These increases in phagocytic activity and capacity are caused by the 

administration of 70% ethanol extract of ZSCL leaves containing flavonoid compounds. Flavonoids are 

thought to have an effect on increasing macrophage activity and capacity. This finding is consistent with the 

efficacy of the Phyllanthus niruri product, which contains flavonoids that are believed to improve the 

immune system [6]. 

 

The administration of a 70% ethanol extract of ZSCL leaves containing flavonoid compounds can be used 

as an immunomodulator and has an immunostimulant effect. The flavonoid found in ZSCL leaves affect 

cells that are part of the immune system by sending intracellular signals to receptors so that cells function 

more effectively. The administration of immunomodulatory substances or materials to phagocytic cells is 

stimulated or enhanced by adding macrophage lysosomes to increase the production of enzymes to destroy 

antigens. The 70% ethanol extract of ZSCL leaves affects the cytokines produced by T cells, stimulating 

phagocytic cells to carry out a phagocytic response. 

 

Mechanistically, immunostimulants induce and activate various cells, including macrophages and T 

lymphocytes (T cells). Then, B cells produce antibodies, whereas T cells produce lymphokines 

(cytokines/interleukins), which maintain the activated state of macrophages. In addition to being able to 

produce lysosomal enzymes, the complement system of activated macrophages can also increase their 

ability to kill through the process of phagocytosis against disease-causing germs, such as bacteria and 

viruses. In the negative control group and the normal control group, the activity of phagocytic cells was 

lower because the number of phagocytosed Staphylococcus aureus bacteria was lower. This finding could 

be due to the absence of materials that induce phagocytic cells. Figures 2, 3, and 4 show an increase in the 

activity and phagocytic capacity of rat peritoneal macrophages against Staphylococcus aureus bacteria in 

each group. The highest phagocytic activity and capacity in the 70% ethanol extract of ZSCL leaves was 

achieved at the highest dose (400 mg/kg BW). The macrophage phagocytic activity and capacity increased 

after treatment with 70% ethanol extract of ZSCL leaves (400 mg/kg BW) compared with phagocytic cells 

not exposed to 70% ethanol extract of ZSCL leaves. This finding indicates that the administration of the 
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70% ethanol extract of ZSCL leaves affects phagocytic activity and capacity. The higher the dose of the 

70% ethanol extract of ZSCL leaves, the greater the phagocytic activity and capacity. 

 

4. Conclusion 

The 70% ethanol extract of ZSCL (Ziziphus spina-christi L.) leaves exhibits activity as an 

immunomodulator based on macrophage phagocytic activity and capacity in male white rats. An increase in 

immunomodulator activity was noted with increasing doses of the 70% ethanol extract of ZSCL leaves. 

However, the 70% ethanol extract of ZSCL leaves had lower immunomodulator activity than the 

Phyllanthus niruri product as a positive control. 
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