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Abstract.

Turmeric (Curcuma domestica Val.) is a traditional Indonesian plant that has many benefits.
Curcuminoids are turmeric compounds known to have effects as immunomodulators and have been
proven in several in vivo tests. Immunosuppressive drugs such as cyclophosphamide are widely
given to improve clinical symptoms in autoimmune patients and cancer treatment which can cause
susceptibility to infection.Therefore,this study aimed to determine the immunostimulating effect of
curcuminoid extract from turmeric rhizome on cyclophosphamide-induced white rats. Proof of the
immunostimulating effect of curcuminoid extracts was by testing the total leukocytes and leukocytes
differential. The test results showed that curcuminoid extracts of 1 mL, 0.5 mL, and 0.25 mL
increased total leukocytes and leukocyte differential (lymphocytes, neutrophils, monocytes,
basophils, eosinophils) with a significant difference (p<0.05) to the Na group CMC 0.5% as a
negative control. Therefore, curcuminoid extract had the potential to have an effect as an
immunostimulant.
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I INTRODUCTION

Compounds or drugs that can stimulate and improve the function of the immune system or increase
the activity of the immune system are referred to as immunomodulators. There are three types of
immunomodulators: immunorestoration, immunostimulation, and immunosuppression [1].
Cyclophosphamide is an immunosuppressive drug that is widely used to improve autoimmune clinical
symptoms and cancer treatment, which can make a person's body susceptible to infection [2]. The
suppressive effect of cyclophosphamide on the bone marrow will inhibit the formation of blood cells,
including leukocytes [3]. One of the synthetic immunostimulant drugs used to treat this problem is
levamisole. However, levamisole has side effects such as nausea, vomiting, urticaria, and agranulocytes [1].
Therefore, alternative immunostimulants are needed which are derived from plants so that they have
relatively low side effects and toxicity to the body.Turmeric contains curcuminoids which act as
immunomodulators and their effectiveness has been proven in several in vivo tests. Curcuminoids can
significantly stimulate the primary humoral immune response and secondary humoral antibody titers in rats.
Curcumin’s function on natural killer cells and its antioxidant functions on macrophages accompanied by
mitogen and antigen-induced T cell proliferation [4].

Based on several recent studies evaluating a cleaner extraction method to reduce environmental
impact compared to conventional methods while still producing high-quality herbal extracts, namely the
Green Extraction method [5]. One of them is the Microwave Assisted Extraction (MAE) technique which
provides several attractive advantages, including high extraction yields, faster heating, reduced thermal
gradients, and shorter reaction and preparation times [6]. The latest technology has been developed to extract
turmeric without chemical solvents but using vegetable oils, one of which is the use of VCO [7].Based on
research, curcuminoids dissolve in non-polar solvents where VCO is non-polar. The choice of using natural
solvents is expected to provide better and safer results because VCO does not leave harmful residues and can
be eaten immediately if curcuminoid preparations are processed in food form [8]. VCO contains the active
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substances monolaurin, glycerol, and lauric acid products which are known to be immunomodulatory and
antimicrobial, thereby increasing the immune system against bacterial infections as seen from lymphocyte
proliferation [9].Based on these descriptions, this study aims to determine the immunostimulating effect of
curcuminoid extract on cyclophosphamide-induced rats by observing the increase in total leukocytes and
leukocyte differential.

1. METHODS

2.1 Reagents

The reagents used was virgin coconut oil (Palem Mustika, Indonesia).  Staphylococcus aureus
bacteria were obtained from the Microbiology Laboratory, Faculty of Pharmacy, the University of Sumatera
Utara. Phosphate buffer saline (PBS; Sigma, USA), sodium carboxymethyl cellulose (Na CMC; Sigma,
USA) levamisole (Askamex®; Konimex, Indonesia), and cyclophosphamide (Kalbe, Indonesia).

2.2 Extraction Procedure

The sample used was curcuminoid extract from turmeric (Curcuma domestica Val.) rhizome.
Sample extraction used the Microwave Assisted Extraction (MAE) method, in which 6 grams of Simplicia
powder was added to 60 mL of VCO as a solvent, then stirred until it was homogeneous. After that, it was
placed in the microwave for 10 minutes at a medium temperature (270 watts). Let the mixture cooled, then
separated the filtrate and residue.

2.3 Staphylococcus Aureus Bacteria Preparation

Staphylococcus aureus bacteria to be used were regenerated on nutrient agar media and incubated for
24 hours at 37°C. After 24 hours of incubation, the growing bacterial colonies were aseptically transferred to
liquid nutrient solution using a sterile ose and incubated again for 24 hours at 37°C. Next, 1 mL was taken
and 9 mL of new nutrient solution was added. Then the cell concentration was calculated using the
spectrophotometry method up to a concentration of 10° cells / mL. After getting the bacterial cell
concentration of 10° cells / mL, then it was centrifuged at 2500 rpm for 25 minutes. The supernatant was
discarded. Then, the cells were resuspended with 1 mL of PBS

2.4 Preparation of Experimental Animals

The test animals were male rats weighing 150 — 200 grams which were divided into 7 groups. Group
I was given a curcuminoid extract dose of 1 mL, group Il was given curcuminoid extract 0.5 mL, group I
was given curcuminoid extract 0.25 mL, group IV was given curcumin suspension 200 mg/kgBB, group V
was given levamisole suspension 25 mg/kgBB, group VI was given VCO, and group VII was given 0.5% Na
CMC suspension as a negative control. Treatment was given to each group orally for 14 days. On day 4, all
test animals were infected by Staphylococcus aureus bacteria, then induced with cyclophosphamide 30
mg/kgBB on days 4, 8, and 12. On day 15, the animals were anesthetized using ketamine, their blood was
taken from the heart and was collected in a tube containing anticoagulants for blood plasma sampling. Then
the immunostimulatory effect was carried out by measuring the total leukocytes and leukocyte differential.

2.5 Measurement of Total Leukocyte and Leukocyte Differential

Total leukocytes and leukocyte differential (lymphocytes, neutrophils, monocytes, basophils,
eosinophils) were tested by taking 1 mL of blood plasma and putting it into a tube containing anticoagulants,
then measured using a hematology analyzer in the Integrated Laboratory of Prof. dr. Chairuddin Panusunan
Lubis USU Hospital.

2.6 Data Analysis

The data were presented as mean + SD and analyzed with SPSS software using a one-way analysis
of variance (ANOVA) followed by the post hoc Tukey test. Value of P<0.05 was considered significantly
different.

1. RESULT AND DISCUSSION

3.1 Result of Total Leukocyte Measurement

Based on the results of the study shown in Figure 1, there is a significant difference (p <0.05) in the
increase in the number leukocytes after administration of curcuminoid extract compared to the negative
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control group. In 1 mL curcuminoid extract, the increase in leukocytes was 5.57 + 0.13 10%L. In
curcuminoid extract 0.5 mL the increase in leukocytes was 4.37 + 0.18 10%L. In curcuminoid extract 0.25
mL the increase in leukocytes was 3.75 + 0.17 10%/L.
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Fig 1. Effect of curcuminoid extract from turmeric (Curcuma domestica Val.)
in VCO on the increase in total leukocytes.

The effect of cyclophosphamide administration in this study was to reduce the total leukocyte count.
This was due to the suppressive effect of cyclophosphamide on the bone marrow which inhibits the
formation of blood cells including leukocytes [3]. An increase in the number of leukocytes is the body's
defense response to antigens. This is also in accordance with other studies which explain that curcuminoids
can increase leukocyte proliferation resulting in an increase in the number of leukocytes in the blood
circulation [11].

3.2 Result of Leukocyte Differential Measurement

Based on the results of the study shown in Figure 2, there is a significant difference (p <0.05) in the
differential increase in leukocytes, namely neutrophils, lymphocytes, monocytes, eosinophils, and basophils
after administration of curcuminoid extract compared to the negative control.Neutrophil content in 1 mL
curcuminoid extract was 20.66 + 0.18%, in 0.5 mL curcuminoid extract was 15.65 + 0.23%, and in 0.25 mL
curcuminoid extract was 11.24 + 0.14% higher compared to the negative control of 4.35 + 0.17%. The
lymphocyte level in 1 mL curcuminoid extract was 81.56 + 0.31%, in 0.5 mL curcuminoid extract was 77.64
+ 0.16%, in 0.25 mL curcuminoid extract was 11.24 + 0.14% higher than the negative control of 63.57 *
0.18%. Monocyte content in 1 mL curcuminoid extract was 4.41 + 0.09%, in 0.5 mL curcuminoid extract
was 3.51 £+ 0.10%, in 0.25 mL curcuminoid extract was 2.75 £+ 0.16% higher than the negative control of
1.59 + 0.12%. The eosinophil level in 1 mL curcuminoid extract was 4.28 + 0.07%, in 0.5 mL curcuminoid
extract was 3.36 + 0.14%, in 0.25 mL curcuminoid extract was 2.86 * 0.14% higher than the negative control
of 1.48 £ 0.08%. The basophil level in 1 mL curcuminoid extract was 4.39 + 0.10%, in 0.5 mL curcuminoid
extract was 3.36 + 0.14%, in 0.25 mL curcuminoid extract was 2.86 + 0.14% higher than the negative control
of 1.54 £ 0.09%.
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Fig 2. Effect of curcuminoid extract from turmeric (Curcuma domestica Val.)
in VCO on the increase in differential leukocytes.
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Lymphocytes, neutrophils, eosinophils, basophils, and monocytes are active units of the immune
system, hence the name immunocompetent cells. These immunocompetent cells can be used as an indicator
of the quality of resistance or immunity. Indicators of innate immunity are represented by basophils,
eosinophils, neutrophils, and monocytes, while indicators of adaptive immunity are represented by
lymphocytes [12].Lymphocytes are responsible for specific defense responses against infection.
Lymphocytes can be divided into three types, namely B cells, T cells, and natural killer (NK) cells [13].
Based on other studies, it is explained that curcumin acts as an immunostimulant by increasing the number of
lymphocytes. Curcumin has the ability to activate T lymphocyte cells and B lymphocyte cells which are part
of lymphocytes [14].Neutrophils are the first line of defense against invading microorganisms, tissue trauma,
and many factors that cause inflammation [15]. The number of neutrophils increases because the body's
defense system has formed so that when a bacterial infection occurs, neutrophils are produced by the lymph
to be sent to the area of infection [16].

Curcuminoids can increase neutrophils. Increased neutrophils can kill bacteria by phagocytosis. In
the process of phagocytosis, neutrophils kill bacteria with hydrolytic enzymes and bactericidal compounds,
namely lysozyme, iron-binding protein lactoferrin, leukins, and phagocytin, as well as cationic proteins in
which curcuminoid is included [17].Eosinophils are part of the differential leukocytes formed in the spinal
cord which function as parasitic, inflammatory, and allergic responses. An increase in eosinophils can
prevent infection from entering the body, eosinophils work with chemical functions enzymatically [18].The
increase in monocytes in this study showed that it was caused by stimulation by curcumin which functioned
as an immunostimulant, and the increase in monocyte cells was caused by stimulation by curcumin
compounds which worked by phagocytizing bacteria [19].In this study, one of the acute symptoms of
cyclophosphamide administration was a decrease in leukocytes including their components (lymphocytes,
neutrophils, eosinophils, basophils, and monocytes). This was due to the suppressive effect of
cyclophosphamide on the bone marrow which would inhibit the formation of blood cells including
leukocytes [3].The differential increase in the leukocytes namely lymphocytes, neutrophils, eosinophils,
basophils, and monocytes were caused by the presence of curcuminoid compounds contained in curcuminoid
extracts which acted on lymphokines produced by T cells which stimulate phagocytic cells to carry out a
phagocytic response [20].

Iv. CONCLUSION

Results of the study show that curcuminoid extract from turmeric (Curcuma domestica Val.) in VCO
could increase the amount of total leukocyte and leukocyte differential. Therefore, it can be concluded that
the curcuminoid extract in VCO has the potential to have an effect as an immunostimulant.
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