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INTRODUCTION
Immunity is protection against diseases, especially 
infections. The responsible cells and molecules 
for immunity are called the immune system. 
When the function and the number of immune 
cells are inadequate, exposure to pathogenic 
microorganisms can cause various diseases, 
especially infectious diseases. The main purpose of 
the immune system is to defend the body from the 
attack of microorganisms.1 The immune system can 
be divided into nonspecific and specific immune 
systems. One cell in the nonspecific immune 
system which acts as the first defence against the 
attack of microorganisms named phagocytic cells.2,3 
One phagocyte cell that plays an important role in 
the immune system is a component of white blood 
cells (leukocytes) named monocytes. Monocytes 
are present in the blood circulation and when those 
migrated to the tissue they will differentiate into 
macrophages.4 Macrophages are cells that play an 
important role in the body's immune system against 
pathogens. One of the main roles of macrophages 
in the natural immunity system is the function of 
phagocytosis, which aims to eliminate extracellular 
particles, damaged or dead cells, and pathogenic 
bacteria.5 The body's defence mechanism against 
the attack of microorganisms can be increased by 
the presence of immunomodulatory compounds 
named compounds that can increase the body's 
defence both specific and non-specific needed for the 
treatment of infectious diseases, immunodeficiency, 

and malignancy (cancer). At this time, more research 
is being developed to look for medicinal ingredients 
derived from nature. The medicinal plant that has 
the potential as immunomodulators is coriander 
(Coriandrum sativum L.). Coriander is a type of 
spice plant which very well known among people as 
a spice. Coriander has long been used by humans as 
a medicine or to improve the taste of foods.6 Various 
parts of this plant such as the seeds, leaves, flowers, 
and fruits have been reported to have diuretic activity, 
antioxidants, antidiabetic, anticonviction, sedative, 
antimicrobial, anti-mutagenic, antihelmintic, to treat 
hiccups, pus, inflammation, toothache, jaundice, and 
scabies.7-10 Various studies have been conducted to 
test the activity of coriander, but none has conducted 
any research on the activity of coriander against the 
immune system.

MATERIALS AND METHODS

Time and place of the research
This research was implemented from January to 
March 2019 in the Research Laboratory and the 
Laboratory of Immunology & Serology at the Faculty 
of Pharmacy, Andalas University.

Tools
The tools used were glass (Pyrex), gloves (Sens), 
masks (Sensi), sonde needles (Onemed), filter 
paper (Whatman), syringes (Onemed), measuring 
cups (Pyrex), analytical scales (Ohaus), microscope 
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(Olympus), container (bottle), mortar and pestle (PRC), glass object 
(Deckglaser), test tube (Iwaki), TLC (Merck) plate, rotary evaporator 
(BUTCHI R-210), Erlenmeyer (Pyrex), incubator (Gallenkamp plus), 
centrifuge (Oregon), animal scales, maceration bottles, mice cages, 
drop pipettes, vials, spatulas, surgical scissors, places to eat and drink 
mice, vessels, ose needles.

Materials
The ingredients used were coriander (Coriandrum sativum L.), 
aquadest (Gio Farma), ethanol (Building Andalas), distilled water, 
toluene (Emsure), ethyl acetate (Building Andalas), dichloromethane 
(Andalas Bangunan), Staphylococcus aureus, nutrient agar (Merck), 
nutrient broth (Merck), physiological NaCl (PT. Widatra Bhakti), Na 
CMC 0.5%, Giemsa dye (Merck), Turk solution (PT. Sagara Husada 
Mandiri) and white male mice.

Extract making
Two kg of finely grounded coriander were macerated using ethanol. 
One part of the simplicial dry powder was added to the macerator, then 
10 parts of the solvent were added after. This powder was soaked for 
the first six hours while being stirred occasionally, then it was sat for 
18 hours before strained. This extraction process was being repeated 
until a clear filtrate was obtained. The macerates that were obtained 
then being evaporated with a rotary evaporator until a thick extract was 
obtained

Preparation of the experimental animals
The animals used were white male mice aged 2-3 months with an 
average weight of 20-30 grams which were 20 mice in total and divided 
into 4 groups. Each group consists of 5 mice. Before they were treated, 
the mice were acclimatized for 7 days with enough food and water.

Dosage determination
The dose of coriander ethanol extract used for this study was given in 3 
variants doses; 100 mg/kg, 140 mg/kg and 200 mg/kg (Tables 1 and 2).

Bacterial culture

Staphylococcus aureus (SA) was bred on nutrient agar (NA). One SA 
culture was inoculated into the new NA medium, then was incubated at 
370C for 24 hours in the incubator. Staphylococcus aureus which grown 
on nutrient agar media (NA) was transferred to the nutrient broth 
media (NB), incubated for 24 hours at 370C, then was centrifuged at 
2500 rpm for 25 minutes before it formed pellets and suspended with 
0.9% NaCl which equivalent with Mc Farland solution 0.5 (10).

The activity and capacity test of the phagocytosis of 
macrophage cells

After the acclimatization and the mice were already given with extract 
preparations for 7 days long, at the 8th day the mice in each group 
were infected with 0.5 mL suspension of Staphylococcus aureus 
bacteria intraperitoneally, then left for 1 hour. The mice then were 
killed and dissected. Peritoneal fluid was taken using a micropipette. 
The peritoneal liquid was made into smear preparations on an object 
glass, then fixed with absolute methanol for 5 minutes, was stained 
with Giemsa, and left for 20 minutes before it was rinsed with running 
water and being dried off. Preparations were seen under microscope 
light using emersion oil at 1000x magnification. Phagocytosis activity 
of macrophage cells is determined based on the number of phagocytic 
cells that actively carrying out phagocytosis in 100 phagocytic cells. The 
phagocytosis capacity of macrophage cells is determined based on the 
number of Staphylococcus aureus bacteria which are phagocytosis by 
50 active phagocytic cells.

% Macrophage Activity =                                                   × 100%

Macrophage Capacity = The number of bacteria that was phagocyted by 
50 active macrophage cells.

Calculating the percentage of leukocyte cells
On the eighth day, the mice's tails were cut and the blood smear was 
made and dried. After the dried off, it was dripped with methanol, so 
it could cover the entire blood smear and left for 5 minutes. The blood 
smear then was coloured with Giemsa and left for 20 minutes before it 
was washed with distilled water, dried, added with emersion oil, and 
then observed under the ocular microscope. The counted number of 
eosinophil cells, stem neutrophils, neutrophil segments, lymphocytes, 
and monocytes were at 1000x magnification.11

Calculating the total number of leukocyte cells
The mice’s fresh blood was taken up to 0.5 with leukocytes pipette. Turk 
solution was taken up to the 11th sign, then was shaken for 3 minutes 
long. 1-2 drops were thrown from leukocytes pipette and one drop was 
used for the hemocytometer counting room. The liquid was left for 2 
minutes until the leukocytes settled up. The number of leukocytes was 
calculated at the four corners of the calculating chamber.11

Total of Leukocytes cell = Leukocytes cell ×  20  0,4

Data analysis
The data that were obtained was analyzed statistically by one-way 
variation analysis (ANOVA) method, then continued with Duncan's 
analysis.

RESULT
The preparation process of coriander extract was started from 
separating the dried corianders from its impurity and refining it out. 
The maceration of coriander ethanol extract was evaporated by rotary 
evaporator at 50°C to condensed the concentration of the solution so 
that coriander extract can be obtained without any mixture of ethanol 
solvent. The rotary results obtained a thick viscous extract of coriander 
at 59.5498 g, with a yield value of 2.9775%. Standardization of extracts 
was carried out after obtaining thick coriander extract. The purpose of 
standardization is to obtain safe extraction and tested stability so that 
the quality of the stock obtained is guaranteed.12

The TLC test is useful for identifying linalool compounds that can be 
found in coriander extract. The mobile phase used is toluene: ethyl 
acetate with a ratio of 93:7. The stationary phase used is silica gel 60 
F254. The Rf value of the linalool compound is 0.3 and 0.3% of the 
coriander ethanol extract was obtained. The ash content that was 
obtained from coriander thick extract was 7.03%, while the drying 
shrinkage was 9.9%. Based on the phytochemical test it was found that 
coriander extract positively contained phenolic compounds, flavonoids, 
triterpenoids, and steroids.

The phagocytosis process of macrophage cells can be seen in Figures 1 
and 2. The results that were obtained from the calculation of phagocytic 
activity of macrophage cells after the administration of coriander 
ethanol extract was each 41.20% (group I, control); 44.60% (group II, 
dose of 100 mg/kg); 54.20% (group III, dose of 140 mg/kg); and 60.20% 
(group IV, dose of 200 mg/kg) in average, which can be seen in Tables 
5 and 6. The relationship between 4 groups of doses in white male mice 
with the percentage of phagocytic activity of macrophage cells can be 
seen in Figure 3. The results show an increase in the average phagocytic 
activity of macrophage cells. Based on the statistical analysis of one-
way ANOVA, there were significant differences from the four groups 

Total of active macrophage

 100 macrophage
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Organoleptic Components Herbal Pharmacopeia Indonesia Observation Result
Shape Thick extract Thick extract
Color Brown Brown
Odor Specific odor Specific odor
Taste Slightly spicy Slightly spicy

Table 1: Organoleptic observation of coriander ethanol extract.

Mice

Phagocytic activity percentage of macrophage cells (%)

Control Group Groups that were given with coriander (Coriandrum sativum L.) ethanol 
extract suspension

Na CMC 0.5% 100 mg/kg 140 mg/kg 200 mg/kg
1 41 43 55 61
2 45 42 54 60
3 41 45 57 56
4 40 43 55 56
5 39 50 50 68

Average 41,200 44,600 54,200 60,200
SD 2,280 3,209 2,588 4,919

Table 2: Calculation results of the phagocytic activity percentage of macrophage cells in white male mice after given 
with coriander ethanol extract.

sig
Between Groups 0,000

In Groups
Total

Table 3: One-way ANOVA test results on phagocytosis activity 
of macrophage cells in white male mice after the administration 
of coriander ethanol extract.

Group N
Subset

1 2 3
I 5 41,200
II 5 44,600
III 5 54,200
IV 5 60,200
Sig 0,134 1,000 1,000

Table 4: Duncan's continued test results on phagocytic activity of macrophage cells in white male mice after given by 
coriander ethanol extract.

Mice
Phagocytosis capacity of macrophage cells

Control Group Groups that were given with coriander (Coriandrum sativum L.) ethanol extract suspension
Na CMC 0.5% 100 mg/kg 140 mg/kg 200 mg/kg

1 87 90 102 127
2 79 97 89 125
3 86 94 116 121
4 90 96 107 127
5 65 102 108 130

Average 81,400 95,800 104,400 126,000
SD 10,015 4,382 9,965 3,317

Table 5: Calculation results of phagocytosis capacity of macrophage cells in white male mice after given with coriander fruit ethanol extract.

sig
Between Groups 0,000

In Groups
Total

Table 6: One-way ANOVA test results on phagocytosis capacity 
of white male mice macrophage cells after the administration 
of coriander ethanol extract.
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Figure 1: Coriander fruits.

 
Figure 2: Peritoneal macrophage cells of white male mice 
observation under a microscope with 1000x magnification.
Notes: A = Macrophage; B = Active macrophage; C = Staphylococcus 
aureus bacteria

 

Figure 3: A graphic of relationship between phagocytic activity of 
macrophage cells with the group of mice after given with coriander 
ethanol extract.

 

Figure 4: A graphic of relationship between phagocytosis capacity of 
macrophage cells and mice group after the administration of coriander 
ethanol extract.

 
Figure 5: White male mice’s leukocyte cells observed with 
hemocytometer at 400x magnification.

 

Figure 6: A graphic of relationship between total leukocyte cells and 
the groups of mice after given with coriander ethanol extract.
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Figure 7: The leukocyte cells of white male mice (group 1-4).
Notes: A : Segment neutrophils; B : Stem neutrophils; C: Monocyte; D: Eosinophil; E: Lymphocyte
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Figure 8: A graphic of relationship between the percentage of leukocyte cells and groups of mice 
after given with coriander ethanol extract.

(p <0.05). Furthermore, Duncan's continued test analysis was carried 
out to find out the significant differences between the four groups. 
Duncan's continued test showed that group I and II had no significant 
differences, but there were significant differences in groups III and IV.

Calculation results of the phagocytosis capacity of macrophage cells 
after coriander ethanol extract administration also experienced an 
increase; group I with 81.40 cells; group II with 91.80 cells; group III 
104.40 with cells; and group IV with 126.00 cells which can be seen 
in Table VI. The relationship between 4 groups of doses of white male 
mice with the percentage of phagocytic activity of macrophage cells 
can be seen in Figure 4. The test of ANOVA statistical analysis showed 
a significant increase (p <0.05). Duncan's continued test showed that 
between groups II and III there were no significant differences, but 
there were significant differences between group I and IV. According 
to previous studies, secondary metabolites contained in extracts such 
as flavonoids, tannins, triterpenoids, and saponins are effective as 

immunomodulators and increase phagocytosis activity and capacity 
of macrophage cells. Flavonoid compounds have the ability to be anti-
inflammatory and improve the immune system.13

Based on the calculation results that were obtained, an increase was 
found in total leukocyte cells from the four groups. The highest 
leukocyte cells increase was found at a dose of 200 mg/kg, namely 
7,310 /µL of blood which can be seen in Table VII. The relationship 
between the 4 groups doses of white male mice with the total number 
of leukocyte cells can be seen in Figures 5 and 6. The one-way ANOVA 
statistical test showed that there were significant differences between 
the four groups (p <0.05). Duncan's continued test analysis shows that 
there are subset 1 in group I and II which means there are no significant 
differences between the two groups, but there are significant differences 
in groups III and IV. According to previous studies, certain chemical 
compounds in plant extracts can stimulate leukocyte production and 
function as an immune booster in the body.14
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Group N
Subset

1 2 3
I 5 81,400
II 5 95,800
III 5 104,400
IV 5 126,00
Sig 0,100 0,092 1,000

Table 7: Duncan's continued test results on phagocytosis capacity of macrophage cells in white 
male mice after given with coriander ethanol extract.

Mice
Total Leukocytes (/µL blood)

Control Group Groups that were given with coriander (Coriandrum sativum L.) ethanol extract suspension
Na CMC 0.5% 100 mg/kg 140 mg/kg 200 mg/kg

1 4.850 4.750 5.250 8.400
2 4.600 4.500 7.300 7.400
3 3.550 5.700 7.050 6.350
4 3.850 5.250 5.700 6.250
5 4.200 5.850 5.650 8.150

Average 4.210 5.210 6.190 7.310
SD 530,801 584,594 920,190 993,353

Table 8: The calculation results of the total number of leukocyte cells in white male mice after the administration of coriander 
ethanol extract.

sig
Between Groups 0,000

In Groups
Total

Table 9: One-way ANOVA test results of total leukocyte cells in white 
male mice after given with coriander ethanol extract.

Group N
Subset

1 2 3
I 5 4210,000
II 5 5210,000
III 5 6190,000
IV 5 7310,000
Sig 0,061 0,066 1,000

Table 10: Duncan's continued test results on total leukocyte cells after the white male mice given by 
coriander fruit ethanol extract.

The calculation results of leukocyte cells observation can be seen in 
Table V. The relationship between 4 groups of doses in white male mice 
and leukocyte cells can be seen in Figures 7 and 8. One-way ANOVA 
test results and Duncan's continued test showed that in eosinophil 
cells, lymphocytes, and stem neutrophils were not present a significant 
difference (p> 0.05). In one-way ANOVA analysis, segment neutrophils 
showed significant differences (p <0.05). Duncan's continued test 
results showed that there were no significant differences as well in the 
group I and II as well as in group II and III. Significant differences exist 
between the first three groups with group IV. The calculation results 
show that segment neutrophils has decreased. The decrease is suspected 
because the phagocytosis process which has more role is macrophages 
or because of the increase in chemotaxis factors resulting in an increase 
in phagocytosis. The results of the one-way ANOVA test for monocyte 
cells showed a significant difference (p <0.05). Duncan's continued test 
showed that there were no significant differences in the group I and 
II as well as in group II and III. Significant differences exist between 
the first three groups with group IV. The calculation result of monocyte 
cells showed a decrease. This is presumably because of monocyte cells 
differentiated into macrophages and settled on the tissue.

DISCUSSION/ CONCLUSION
The results of the research that have been carried out show that the 
ethanol extract of coriander can increase the phagocytosis activity and 
capacity of macrophage cells and the percentage of leukocyte cells in 
white male mice with an optimum dose of 200 mg/kg. This happens 
in accordance with the chemical compounds contained in coriander 
fruit, flavonoids, which play a role as immunomodulators. The content 
of flavonoids, according to existing research, has the potential as an 
antioxidant for tumour growth. It can increase the immune response and 
work against lymphokines produced by T cells so that it will stimulate 
phagocytic cells to respond for phagocytosis.15 Previous studies have 
also shown that Coriandrum sativum not only acts as an additive in 
food but also can enhance immune responses (immunomodulators) so 
it's a good use for inducing various levels of disease resistance.16,17

Based on the research that has been done, it can be concluded that 
ethanol extract of coriander fruit can increase the phagocytic activity 
of white male mice's macrophage cells with optimum doses of 200 mg/
kg. Ethanol extract of coriander fruit can increase the total number of 
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Mice Segment Neutrophil (%) Stem Neutrophil (%) Eosinophil (%) Lympho-cyte (%) Mono-cyte (%)

Na CMC 0.5%

1 38 17 4 33 8
2 36 18 3 33 10
3 30 20 4 34 12
4 33 15 5 39 8
5 36 22 6 26 10

Average 34,600 18,400 4,400 33,000 9,600
SD 3,130 2,702 1,140 4,637 1,673

Dose
100mg/kg

1 33 18 4 37 8
2 32 19 4 36 9
3 31 22 5 33 9
4 35 20 3 35 7
5 33 25 5 27 10

Average 32,800 20,800 5,200 29,600 8,600
SD 1,483 2,775 ,837 3,975 1,140

Dose
140mg/kg

1 33 15 5 40 7
2 32 18 5 38 7
3 32 26 2 34 6
4 30 20 4 38 8
5 29 21 5 36 9

Average 31,200 20,000 4,200 37,200 7,400
SD 1,643 4,062 1,304 2,280 1,140

Dose
200mg/kg

1 25 27 4 38 6
2 27 28 3 36 6
3 28 20 5 40 7
4 29 30 4 33 4
5 31 13 8 41 7

Average 28,000 23,600 4,000 37,600 5,600
SD 2,236 7,021 1,924 3,209 1,225

Table 11: The calculation results of leukocyte cells in white male mice after the administration of coriander (Coriandrum sativum L.) ethanol extract.

Sig

Segment Neutrophils
Between groups 0,002

In groups
Total

Stem Neutrophils
Between groups 0,351

In groups
Total

Lymphocyte
Between groups 0,133

In groups
Total

Monocyte
Between groups 0,003

In groups
Total

Eosinophil
Between groups 0,884

In groups
Total

Table 12: One-way ANOVA test results of leukocyte cells in male white mice 
after given with coriander ethanol extract.

Group N
Subset

1 2 3
I 5 34,600
II 5 32,800 32,800
III 5 31,200
IV 5 28,000
sig 1,000 0,271 0,218

Table 13: Duncan’s continued test results of segment neutrophil cells in 
white male mice after coriander ethanol extract administration.
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leukocyte cells and decrease the number of segment neutrophils and 
monocytes in white male mice with an optimum dose of 200 mg/kg. 
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GRAPHICAL ABSTRACT

Group N
Subset

1 2 3
I 5 9,800
II 5 8,600 8,600
III 5 7,400
IV 5 6,000
sig 0,111 0,168 0,246

Table 14: Duncan’s continued test results of monocyte cells in white mice male after coriander ethanol extract 
administration.
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ABOUT AUTHORS

Coriander fructus has been used as a medicine and reported could be used as anti-inflammation, antibacterial, anti tumor etc. 
This study use to determine the effect of coriander fruit ethanol extract on phagocytosis activity and capacity of macrophage 
cells and leukocyte percentage The test animals used were male white mice that were divided into 4 groups, each of which 
consisted of 5 mice. The first group was the control given 0.5% CMC Na, the second group, three and four, were given 
ethanol extract of coriander fruit at a dose of 100 mg /kgBW, 140 mg /kgBW and 200 mg /kgBW orally for 7 days. On the 8th 
day mice were induced with Staphlococcus aureus bacteria intraperitoneally. The result showed that coriander at doses of 
100, 140 and 200 mg/kgBW can increase activity, phagocytosis capacity of macrophage cells and total leukocyte cell counts 
of male white mice. It was significantly different (p < 0.05).
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