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Edible plant-derived essential oils synergistically enhance the
Th1, Th2 and anti-inflammatory cytokines in neonatal cord
blood monocytic cell line
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ABSTRACT
Edible medicinal plants Curcuma longa, Kaempferia galanga and
Zingiber officinale are considered to be suitable for pregnant
mother and neonates. Their essential oils are claimed to have
therapeutic effects, yet its immunomodulatory activities need to be
investigated. To validate the immunomodulatory effect, cord blood
monocyte cells (CBMCs) treated with different concentrations of
essential oils ranging from 0 to 40 µg/ml. K. galanga oil at 40 µg/ml
concentrations upregulated IFN-γ at 49.23 pg/ml, while C. longa oil
downregulated the IL-10 at 10.45 pg/ml showing immunostimulant
activity on CBMCs. However, Z. officinale oil showed no significant
result at any concentration. K. galanga and C. longa oils also
showed an increase in lymphocyte proliferation in a dose-
dependent manner. The present study was aimed to evaluate the
immunomodulatory potentialities of essential oils which will attract
the interest of researchers and pharmaceutical industries for
clinical studies and other applications in the therapy of diseases
related to neonatal infections.
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1. Introduction

Neonatal immune responses have been assumed to be less mature than adult immune
responses; however, the mechanisms involved in these responses are not properly charac-
terized. There is a shift from T helper 1 (Th1) response to a T helper 2 (Th2) bias during
pregnancy (Wegmann, Lin, Guilbert, & Mosmann, 1993). The mechanism that regulates
the Th1 and Th2 ratio is still to be clarified in order to understand the importance of
maternal immune tolerance during pregnancy. T-lymphocytes exhibit a Th2 profile at
birth and are characterized by a limited ability to produce cytokines. After birth, for
few months, these Th2-skewed responses are modified into low-level immunity, predomi-
nantly expressing Th1-cytokines (Holt & Jones, 2000; Prescott et al., 1999). Cytokine is the
major immunoregulator of the body. TH1 cytokine response leads towards cell-mediated
humoral immune response. Interferon gamma (IFN-γ) is a TH 1 cytokine mainly display-
ing antiviral, anti-tumour and counter-autoimmune capacities (Schroder, Hertzog, &
Ravasi, 2004). Activation and the increase in antigen presentation by macrophages
increase leukocyte migration and upregulation of MHC expression, which are some pro-
minent features of IFN-γ (Tayal & Kalra, 2008). Patients under clinical studies with
recombinant IFN-γ show a vast spectrum of activities which include enhancement of anti-
body-dependent cell-mediated cytotoxicity and an increase in the oxidative metabolism of
macrophages (Tayal & Kalra, 2008). IFN-γ expression on tumour growth induces CD8+

cytotoxic T-cells and thus shows potent tumour immunity against neuroblastoma,
breast cancer and other tumour models (Young & Hardy, 1995). The damage of prolifer-
ating cells and depletion of peripheral blood lymphocytes result in immune suppression,
leaving organisms vulnerable to various adaptable pathogens and even cause various infec-
tions that could become lethal (Goel, Prakash, Ali, & Bala, 2007). At present, IFN-γ
therapy is active in the treatment of chronic granulomatous disease, idiopathic pulmonary
fibrosis, osteoporosis and ovarian cancer (Cutler & Brombacher, 2005). On the other
hand, the immunosuppressive cytokine IL-10 downregulates the cell-mediated immune
response by inhibiting and suppressing various pro-inflammatory cytokines like IL-1,
IL-2, IL-6, IL-8 and TNF-α (Niiro, Otsuka, & Kuga, 1994; de Waal Malefyt, Yssel, & de
Vries, 1993). In various B-cell lymphoproliferative diseases, IL-10 may function as a
growth factor for malignant B cells (Beatty, Krams, & Martinez, 1997); and elevated
levels of IL-10 were found to be associated with the systemic infection, rheumatoid arthri-
tis, multiple sclerosis, melanomas, leukaemia and lymphomas. Immunomodulation of the
lymphocyte through dietary supplements either towards TH 1 or TH 2 pathway mainly
determines the pattern of the immune response. There are several medicinal plants in
India that are being used traditionally for the prevention and treatment of various diseases,
but till date only few medicinal plants were being studied for the immunomodulatory
effect of their derived materials. The rhizomes of Curcuma longa (Haldi), Kaempferia
galanga (Aromatic ginger) and Zingiber officinale (Ginger) plants are dietary supplement
in India. They are also used in aroma therapy and claim to have therapeutic effects like
anti-oxidative, anti-cancer, anti-inflammatory and antimicrobial properties (Bagad,
Joseph, Bhaskaran, & Agarwal, 2013). Surpluses of plant-derived materials (aromatic com-
pounds, proteins, lectins, polysaccharides, etc.) have been shown to stimulate the immune
system (Tzianabos, 2000). Some of the plants with established immunomodulatory
activity are Asparagus racemosus, Azadirachta indica, Tinospora cordifolia, Polygala
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senega and Ocimum santum (SaiRam, Sharma, Ilavazhagan, Kumar, & Selvamurthy, 1997;
Estrada, Katselis, Laarveld, & Barl, 2000; Mediratta, Sharma, & Singh, 2002). There are
several essential oil yielding plants like Salvia officinales, Syzgium aromaticum, Mentha
sps., Eucalyptus sps. and Ocimum basilicum that have been found to stimulate immune
cell proliferation, cytokines expression and natural killer cells cytotoxicity, both in vitro
and in vivo (Carrasco et al., 2009; Yousofi, Daneshmandi, Soleimani, Bagheri, &
Karimi, 2012; Premanathan et al., 2000). The immunomodulating activity of the essential
oil yielding medicinal plants like C. longa, K. galanga and Z. officinale which are edible
spices and have been reported to have anti-oxidative, anti-cancer, anti-inflammatory
and antimicrobial properties (Craig, 1997; Newman, Cragg, & Snader, 2003; Murakami,
Takahashi, Jiwajinda, Koshimizu, & Ohigashi, 1999) is yet underexplored. Till date,
there are very little reports whether these essential oils are capable of direct effects on cyto-
kine production and activation of cord blood mononuclear cells (CBMCs). The present
study has been designed to find out the immunomodulatory role of rhizome oils of
three edible medicinal plants C. longa, K. galanga and Z. officinale in the stimulation of
Th1 and Th2 cytokines of CBMCs. The findings of this study could help us to understand
how neonates raise different Th1 and Th2 responses in human CBMCs and the influence
of plant products (oils) in the development of the neonatal immune system.

2. Materials and methods

2.1. Collection of rhizomes

The rhizomes of C. longa, K. galanga and Z. officinale (Figure 1) were collected from
different parts of Odisha and the specimen was authenticated by Dr P.C. Panda, Senior
Scientist, Taxonomy and Conservation Division of Regional Plant Resource Centre, Bhu-
baneswar. The collected rhizomes were planted in the greenhouse of Centre of Biotechnol-
ogy and after complete growth, the rhizomes were collected from these plants. The
specimens are retained in the herbarium of COPT vide Voucher no. 1803.

2.2. Extraction of essential oil

The oils were extracted by steam distillation of fresh rhizomes in a Clevenger’s
apparatus (Guenther, 1972). The fresh rhizomes of each plant were washed,

Figure 1. Rhizomes of (A) C. longa, (B) K. galanga and (C) Z. officinale collected from different parts of
Odisha.
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peeled and sliced. Sliced rhizomes (100 g) were mixed with distilled water. Flasks
containing the sliced rhizomes were heated for 3–4 h and the condensed vapours
were separated throughout an auto-oil/water separator. The oils were collected in
the collecting tubes. Each essential oil extraction was run in triplicate. Yield per-
centage was recorded on a fresh weight basis. The distilled essential oils were dried
over anhydrous sodium sulphate and stored at –4°C in airtight containers for
further use.

2.3. GC–MS analysis of oils

GC–MS analysis of the oils were done using a 6890 series instrument (Agilent Technol-
ogies, Palo Alto, CA, USA), provided with an FID and HP-5 fused silica capillary column
(30 m × 0.25 mm) (internal diameter: film thickness 0.25 m). The oven temperature was
maintained from 50°C to 240°C at 4°C/min; from 240°C to 270°C at 15°C/min; held iso-
thermal at 50°C for 1 min and at 270°C for 15 min. Both auto-injector and detector’s
temperatures were kept at 280°C; sample injection volume was 1 µl and the split
ratio was 100:1. Nitrogen was used as the carrier gas having a flow rate of 1.2 ml/min.
GC–MS (70 eV) data were calculated on the same gas chromatograph coupled with
an MSD 5973. MS source temperature was 230°C; MS quadrapole temperature was
150°C; interface temperature was 290°C; mass scan, 20–600 amu and helium was the
carrier gas with a flow rate of 1.0 ml/min. Identification of the compounds was done
by comparing the retention indices and mass spectra with the data given in the literature,
National Institute of Standards and Technology (NIST), Wiley and our own created
library (Adams, 2007).

2.4. Isolation of CBMCs

Human umbilical cord blood from randomly selected full-term healthy infants (37
week of gestation) were obtained by venipuncture of the umbilical vein immediately
after delivery and placed in sterile sodium heparin tubes. The heparinized whole
blood was centrifuged for 20 min at 2000 RPM at a temperature of 15°C to obtain leu-
kocyte ring. The ring was extracted, transferred to a Falcon tube, and added to phos-
phate-buffered saline (PBS) to complete 10 ml. Subsequently, to obtain the CBMCs,
the homogenate was applied to the medium density gradient using Ficoll-PaqueTM

PLUS (GE Healthcare). This solution was centrifuged for 20 min at 1000 RPM at a
temperature of 15°C to obtain leukocyte cloud. The cells from the interphase were
extracted with the help of a pipette and washed three times in PBS (10 min, 1000
RPM, 15°C). After the last wash, cells were maintained in RPMI 1640 medium with
20 mm Hepes supplemented with 10% foetal bovine serum (FBS), HiMedia. The
number of CBMCs was counted by using a haemocytometer.

2.5. Cell proliferation assays

These assays were performed by using the e-Bioscience MTT 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay kit as per the manufacturer’s instruc-
tion. Briefly, human CBMCs suspensions were resuspended (5 × 106cells/ml) in RPMI-
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1640, Roswell Park Memorial Institute medium in the presence of ConA (Concanavalin
A). Then 100 μl of different concentrations (0, 10, 20, 30 and 40 μg/ml) of each oil in
RPMI-1640 was added. The plates were incubated for 48 h under 5% CO2 at 37°C temp-
erature. After incubation, 10 μl of MTT (2.5 mg/ml) solution was added to each well and
plates were wrapped to avoid exposure to light and incubated for 4 h. One hundred micro-
litres of the solubilizing reagent was added to each well and the absorbance was measured
at 570 nm using a Mindray MR-96A microplate absorbance reader.

2.6. Flow cytometry analysis for lymphocyte proliferation

CBMCs were isolated from cord blood samples by density gradient centrifugation. Then
the purified CBMC were reconstituted with PBS + 5% FBS and stained with 5, 6-carbox-
yfluorescein diacetatesuccinimidyl ester (CFSE) (Sigma, USA) at a concentration of 5 μM
for 5 min. The staining was stopped by adding RPMI media + 10% FBS and centrifuging
them at 1000 RPM for 10 min. CBMCs were washed with RPMI media + 10% FBS for
two times and reconstituted to 1 × 105 cells/ml. The stained cells were cultured for
48 h under stimulation in vitro with essential oil of C. longa and K. galanga both at
the concentration of 40 µl/ml and mitogen (Concanavalin A) for studying the lympho-
cyte proliferative responses. Then the cultured cells were stained with propidium iodide
to exclude the dead cells and proliferation was measured by using FACS (BD FACSCa-
libur Flow Cytometer, BD Biosciences, France). Cytokine levels were measured by using
ELISA Kits and expressed in pg/ml by interpolation from the standard curve as described
by the manufacturer’s instruction. Histogram was designed with the software FlowJo
Version 7.6.5.

2.7. Estimation of cytokine

Fresh CBMCs were cultured in triplicate at a concentration of 5 × 106cells/ml. C. longa, K.
galanga and Z. officinale oil at the concentration of 5 μg/ml were added separately into a
96 wells (U-bottom) tissue culture plate. ConA (10 ng/ml) was used as the positive control
for stimulation of IL-10 and IFN-γ, respectively. The control group of cells was cultured
without any oil. The plates were incubated in a CO2 incubator (5% carbon dioxide) at 37°C
for 48 h. A separate set of wells was used for harvesting culture supernatants for cytokine
production. The culture supernatants were harvested, centrifuged and the supernatants
were stored at –70°C for estimation of cytokine. Later on cytokines were quantified by
using IFN-γ and IL-10 sandwich ELISA kits (e-Bioscience) as per the manufacturer’s
instruction and were expressed in picograms per millilitre by interpolation from standard
curves.

2.8. Statistical analysis

Data were analysed for statistical significance using Student’s t-test.. T-cell proliferative
response was compared by using Fischer’s exact test. The unpaired t-test was used for
comparison of cytokine secretion among oil treated and untreated samples. A P value
<.05 was considered as significant.
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3. Results

3.1. GC–MS analysis of oils

The GC–MS analysis of the rhizome oils of C. longa, K. galanga and Z. officinale species
revealed the presence of monoterpenes, sesquiterpenes, terpenoids, hydrocarbons and few
traces of organic compounds that were identified by comparing the fragmentation pat-
terns in the resulting mass spectra with the published literature (Adams, 2012) and
using the NIST mass spectral database of the gas chromatograph’s computer. The
rhizome oil of C. longa contains a high proportion of sesquiterpenes (39.5%) in which
ar-turmerone, α-turmerone and β-turmerone were the major constituents. The remaining
compounds were reported to be monoterpenes (19.7%), terpenes (9.1%), hydrocarbon
(6.8%) and few organic compounds (24.9%) in which 1,8-cineole was the major constitu-
ent (Figure 2). The rhizome oil of K. galanga showed the dominance of cinnamate deriva-
tives (56.19%) in which ethyl-p-methoxycinnamate (32%) and methyl cinnamate (15.07%)
were the major constituents. The other compounds found were monoterpenes (15.5%) in
which eucalyptol (9.64%) was the major component, terpenoids (12.34%) in which
carvone (8.31%) was the major component. The remaining consisted of few traces of ter-
penes (5.33%), sesquiterpenes (0.8%), hydrocarbons (9.07%) and other organic com-
pounds (0.77%). The rhizome oil of Z. officinale contained high sesquiterpenes
(45.61%) in which zingiberene (29.13%) was the major compound followed by β-sesqui-
phellandrene (10%). The other groups of compound found were monoterpenes (8.9%),
terpenoides (1.77%), terpenes (7.32%), hydrocarbons (19.24%) and other organic com-
pounds (17.16%) (Figure 2).

3.2. Proliferation assay

CBMCs cell count was increased with the treatment of different oils in comparison to
control (without oil) which indicates that CBMC proliferation occurs in response to essen-
tial oil of these plants. The essential oil from C. longa and K. galanga rhizome was found to
significantly simulate the proliferation of lymphocytes at all concentrations (0–40 μg/ml).

Figure 2. Chemical composition of essential oils collected from rhizomes of (A) C. longa; (B) K. galanga
and (C) Z. officinale.
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At 40 μg/ml, the percentage of cell viability was 165 ± 2.99% for C. longa and 179 ± 3.89%
for K. galanga which is much higher than that of the control. Also rhizome oil of Z. offi-
cinale showed a significant increase in lymphocyte proliferation at higher concentrations
(Figure 3).

3.3. Flow cytometry analysis for lymphocyte proliferation

The effect of the essential oil of C. longa and K. galanga was tested on CBMC proliferation
by using CFSE combined with flow cytometry. To test whether these oils are able to induce
CBMC proliferation in the absence of Con A stimulation, unstimulated CFSE-labeled
CBMCs were incubated with the oils at the dose of 40 µl/ml for 48 h. Our result
showed that the rhizome oil of K. galanga has a significantly high lymphocyte proliferative
effect at 40 µl/ml as compared with the oil of C. longa (Figure 4).

3.4. Estimation of cytokines

The levels of IFN-γ and IL-10 cytokines after co-incubation of the rhizome oil of these
edible medicinal plants with human CBMCs showed that the increase in the secretion
of these cytokines was different in different oils. For instance after 48 h of incubation, sig-
nificant (P < .05) dose-dependent upregulation of IFN-γ and downregulation of IL-10 as
compared with the control (0 μg/ml) was observed in C. longa and K. galanga oil
(Figure 4). However, the rhizome oil of Z. officinale did not show a statistically significant
result as compared with the control. At 40 μg/ml, the concentration of IFN-γ (37.98 pg/
ml) was significantly higher (P < .001) than that of the control (16.57 pg/ml) in C. longa
rhizome oil. Similarly with K. galanga rhizome oil at 40 μg/ml, the concentration of
IFN-γ was (49.23 pg/ml) higher as compared with control (19.32 pg/ml). The level of
IFN-γ did not show a significant increase or decrease on treatment with Z. officinale oil
at 0–40 µg/ml concentrations. Similarly, C. longa and K. galanga oil considerably down-
regulated IL-10 secretion (Table 1). At the concentration of 40 µg/ml, the level of IL-10
in the culture supernatant was 10.45 pg/ml and 9.08 pg/ml of C. longa and K. galanga,

Figure 3. Effects of various rhizome oils on the proliferation of CBMCs. All data are presented as the
mean ± SD of five measurements. CBMCs (5 × 106 cells/ml) were cultured in vitro with Con A
(1 µl/ml) along with different doses of various oils (0–40 µl/ml). After 48 h of incubation, the CBMCs
viability was measured by MTT method. NS: non-significant (P > .05); **P < .01; ***P < .001 compared
with 0 µl/ml.
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respectively, and this was significantly (P < .001) lower than that of the control group.
However, the oil of Z. officinale did not show any significant effect on IL-10 secretion
as compared with the control (Table 1).

4. Discussion

Natural immunomodulators that can obtain continuous immune activation are urgently
required for the prevention of various diseases. Medicinal plant products like essential
oils which activate the host defence mechanism in the presence of an impaired immune
responsiveness can provide supportive therapy to conventional chemotherapy (Wagner
& Bladt, 1996). The complex interactions of the immune system are chiefly governed
by the cytokines. Among them, IFN-γ cytokine possesses cell-mediated immune responses
(Stevens, Bossie, & Sanders, 1988) and IL-10 mediated humoral immune response as well
as also promotes allergic reactions by increasing IgE formation (Coffman & Carty, 1986).
C. longa, K. galanga and Z. officinale and its oil are widely consumed as food additive and

Figure 4. Histogram showing overlay of unstained CBMCs (Green), proliferated CBMCs stimulated with
rhizome essential oil of C. longa (Pink) and K. galanga (Yellow) at the concentration of (40 µl/ml) in
comparison with the control proliferated CBMCs stimulated with Concanavalin A (Blue) for 48 h.

Table 1. Effects of different rhizome oils on expression pattern of Th1 and Th2 cytokine IFN-γ and IL-10
at various concentrations after 48 h of incubation

Cytokines
Concentration of oils in which
cytokine was detected (l/ml)

Mean cytokine level, pg/ml

C. longa K. galanga Z. officinale

IFN- 0 (control)* 16.57 19.32 15.16
10 22.49 28.02 12.79
20 25.33 34.59 11.98
30 32.48 41.44 15.02
40 37.98 49.23 16.88

IL-10 0 (control)* 20.91 21.78 19.06
10 17.25 18.45 17.43
20 14.66 15.34 18.96
30 11.24 12.14 14.98
40 10.45 9.08 16.84

Note: All data are presented as the mean ± SD of five measurements. 0 (control)*: CBMCs without oils; 10–40: CBMCs with
oils
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medicine, which possess anti-inflammatory, anti-oxidant, anti-cancer and immunomodu-
latory properties (Aggarwal, Sundaram, Malani, & Ichikawa, 2007; Umar et al., 2014;
Craig, 1997; Newman et al., 2003; Murakami et al., 1999). However, scientific investi-
gations to compare their pharmacological effects are rarely reported. In the present
study, the essential oils of three important edible medicinal plants C. longa, K. galanga
and Z. officinale were examined for immunomodulatory activity emphasizing on TH1
and TH2 cytokine response. The oil of C. longa and K. galanga showed high immunosti-
mulant activity which is added importance to the previously reported anti-inflammatory
and anti-cancerous activities of these oils (Craig, 1997; Newman et al., 2003; Murakami
et al., 1999). The rhizome of C. longa oil contains α-turmerone and β-turmerone as the
major constituents. Both α-turmerone and aromatic turmerone were reported to show
stimulatory effects on CBMC proliferation and cytokine production (Yue et al., 2010).
Our results of flow cytometry also support that both α-turmerone and ar-turmerone
may stimulate CBMCs proliferation and cytokine production. Our result showed that
40 μl/ml of essential oil of both the plants C. longa and K. galanga exhibited a stimulatory
effect on CBMCs proliferation as shown by flow cytometry. Our results also showed that
these oils were not as significant as mitogen ConA which is consistent with data reported
by others (Pranoto, Salokhe, & Rakshit, 2005). Other data revealed that the major com-
pound of C. longa ar-turmerone and methoxycinnamate of K. galanga might stimulate
lymphocyte proliferation (Yue et al., 2010). Alpha-turmerone and ar-turmerone were
shown for the first time that it might exert modulatory activities in human CBMCs
with respect to TH1 and TH2 cytokines. Numerous experiments reported that the immu-
nomodulatory activity of sesquiterpenes (Berges, Fuchs, Opelz, Daniel, & Naujokat, 2009;
Mathema, Koh, Thakuri, & Sillanpaa, 2012; Gertsch, Sticher, Schmidt, & Heilmann, 2003)
induces immunomodulatory effect through apoptosis of NF-Κb inactivation. Anti-inflam-
matory and anti-cancerous activities of sesquiterpenes through immunomodulation were
also reported in different studies (Lee, Huang, Piantadosi, Pagano, & Geissman, 1971). In
C. longa plant, the rhizome oil contains about 89.14% of sesquiterpene, which might be
possible for their high immunostimulatory activities on human CBMCs with respect to
TH1 (IFN-γ) and TH2 (IL-10) cytokine, respectively. A profound increase in TH1 cyto-
kine (IFN-γ) level and a decrease in TH2 cytokine (IL-10) level were also evident by the
stimulation of K. galanga rhizome oil (Table 2). Similar results are also reported (Yamada,
Tokunaga, & Ikeda, 2003; Ko, Rho, & Lee, 2004) in other plant materials. In the present

Table 2. Effects of different rhizome oils on expression pattern of Th1 (IFN-γ) and Th2 (IL-10) cytokine at
40 µl/ml after 48 h of incubation.
Cytokines C. longa K. galanga Z. officinale

IFN- –

IL-10
–

Note: : Upregulation in the level of IFN-γ cytokine with the stimulation of C. longa and K. galanga rhizome oils.

: Downregulation in the level of IFN-γ cytokine with the stimulation of C. longa and K. galanga rhizome oils.

–: Non-significant effect of the cytokine with the stimulation of Z. officinale rhizome oil.

354 S. DASH ET AL.



study, a concentration-dependent increase in the human CBMCs was evident and the pro-
liferation was much higher in the ConA treated sample along with K. galanga rhizome oil
than ConA alone. This might be due to K. galanga rhizome oil inducing IFN-γ cytokine
which is natural human CBMC stimulating factor or the rhizome oil of K. galanga itself
may possess mitogenic effect. Even though several studies showed the biological and thera-
peutic properties of the essential oils of these plant species, such as antimicrobial, anti-can-
cerous, anti-inflammatory, anti-oxidant, antimutagenic and others (Aggarwal et al., 2007;
Umar et al., 2012, 2014), our study for the first time exhibited the immunomodulatory
activity of essential oil of these edible plant of neonatal cytokines.

5. Conclusion

The essential oil of these edible plants (C. longa and K. galanga) can be used as dietary
intake by pregnant mothers to enhance the immune system of the neonates. The oil
exerted an immunostimulant effect on cord blood monocytes, without affecting cell via-
bility. Further assays should investigate the immunomodulatory activity of the individual
bioactive compound of oils after incubation with cord blood monocyte cells. Better com-
prehension of the mechanisms of action of these bioactive compounds can also be studied.
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