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Abstract

An indigenous herbal extract IM-133N containing extracts of Prosopis glandulosa Torr and
Symplocos racemosa Roxb were evaluated for potential immunomodulatory effects using
RAW264.7 and THP-1 cells. The incubation of the cells for 24 h with IM-133N over a dose range
0–125mg/ml did not cause cytotoxicity that exceeded 10%. The results indicated that non-
cytotoxic doses of IM-133N effectively up-regulated iNOS, TNF�, IL-6, IL-10, IL-8 and IFN� gene
expression in both the RAW264.7 and THP-1 cells. The results also indicated IM-133N elicited
dose-related increases in nitric oxide (NO) and tumor necrosis factor (TNF)-� production by
RAW264.7 or THP-1 cells. These results demonstrated that IM-133N could stimulate NO and
induced pro-inflammatory cytokine expression by monocytes/macrophages. As clinical studies
have shown IM-133N to be an effective immunomodulator without any adverse effects, the
results of the present study provide further support for the potential use of this agent as an
immunostimulant or as an immunotherapy adjuvant.
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Introduction

Modulation of the immune response to prevent diseases has long
been a topic of interest (Fransisco et al., 2012). Macrophages and
monocytes play significant roles in host defense mechanisms, as
each, when activated, induce production of several cytokines that
perform critical functions in a variety of immune responses (Park
et al., 2013). Nitric oxide (NO) is synthesized by inducible nitric
oxide synthase (iNOS) and mediates diverse functions, including
vasodilation, neurotransmission and inhibition of platelet aggre-
gation, immunoresponses and inhibition of extracellular matrix
production. NO has been identified as a major effector molecule
involved in the tumor cell destruction by activated macrophages
(Lorsbach et al., 1993). Tumor necrosis factor (TNF)-� produced
by monocytes/macrophages has also been recognized as an
important host defense molecule to kill tumor cells (Gorelik et al.,
1996; Lasek et al., 1997).

Immunomodulation that can be caused by environmental or
chemotherapeutic factors is a process that alters the immune
system of an organism by interfering with its functions. This
process results in immunostimulation – an enhancement of
immune reaction – or immunosuppression that results in reduced
resistance against infections and stress (Benjamini et al., 2000).
Use of adjuvants to treat immune-related disorders is a long-
standing practice (Gautam et al., 2009). Currently, it is
estimated that &50% of synthetic medicines are derived from

phytochemicals. In this context, herbal adjuvants have been seen
as promising and safe alternatives to some commonly-employed
medications (Sakure et al., 2008). Herbal immunomodulators
have been used to activate host defense systems that can then be
used to support the health of the host during conventional
chemotherapy when the immune system is impaired. Many of
these herbal adjuvants can be administered along with regular
therapeutics to elicit faster stronger immune responses. Herbal
preparations have been shown to exert strong immunomodulatory
properties including causing increases in cytokine expression,
enhanced activation of CD4 and CD8 T-cells (Cho et al., 2002;
Choi et al., 2001; Kim et al., 1990) and NK cell activity
(Ha, 2003).

IM-133N, a herbal preparation containing extracts of
Symplocos recemosa Roxb. (Symplocaceae) and Prosopis glan-
dulosa Torr. (Fabaceae), has been reported to impart immuno-
modulatory effects (Mitra et al., 2009; Srivastava et al., 2004).
Previous studies on IM-133N established its immunostimulatory
properties. IM-133N has been shown to cause increases in the
levels of antibody titer, phagocytic index and significant protec-
tion against invading pathogens (Mitra et al., 1999, 2009). Those
studies also showed that IM-133N fed to Balb/c mice caused an
increase in peritoneal macrophage NO production and phagocytic
activity against Candida albicans. Another study showed the
clinical efficacy of IM-133 and its role as an immunomodulant in
both a mice model and human subjects; no harmful effects were
observed by consumption of IM-133N by healthy subjects over a
6-week study period (Srivastava et al., 2004). That study also
reported that IM-133N treatment resulted in normalized EAC
rosette formation activity and LMI (leukocyte migration inhib-
ition) in hosts with various types of carcinomas; this indicated
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IM-133N induced immunomodulation in both cellular and
humoral immune responses, respectively. Furthermore, there
was no decrease in mean plasma concentrations of IgM and
IgG, which remained normal (Srivastava et al., 2004).

In the present study, the potential immunostimulatory role of
IM-133N in a mouse macrophage cell line (RAW264.7) and
human monocyte leukemia line (THP-1) was investigated. The
in vitro studies reported here were undertaken to more clearly
elucidate the modulatory role of IM-133N on inflammatory
cascades and its effect on expression of some key inflammatory
mediators (such as NO, TNF�, etc.) that could be involved in
induced changes in host humoral and/or cell-mediated immunity.

Materials and methods

Chemicals

Bradford reagent, dexamethasone, RPMI 1640 medium, fetal
bovine serum (FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), actinomycin D, dexamethasone,
custom prepared oligonucelotides, N-1-napthylethylenediamine
dihydrochloride, sulfanilamide, sodium nitrite, lipopolysaccharide
(LPS, Type 0111:B4 from Escherichia coli) and other reagents
were purchased from Sigma (St. Louis, MO). Maloney murine
leukemia virus (MMLV) reverse transcriptase, dNTP, and Taq
DNA polymerase were purchased from MBI Fermentas (Glen
Burnie, MD). Human tumor necrosis factor (TNF)-� ELISA kits
were bought from Krishgen Biosystems (Mumbai, India); mouse
TNF� ELISA kits were purchased from Invitrogen
(Carlsbad, CA).

IM-133N preparation from starting plant materials

The IM-133N test preparation used in these studies contained the
extracts of Prosopis glandulosa and Symplocos racemosa. Good
agricultural and collection practices (GACP) were employed at
the all the times during the procurement and processing of the
plant materials. The bark of S. racemosa was collected from
various places in Western Ghats in south India. Leaves from
P. glandulosa (Syn. Prosopis juliflora) were collected from
various places in Tamil Nadu in south India. Collected plants were
examined and certified by Dr R. Kannan, a Pharmacognosist at
The Himalaya Drug Company (Bangalore, India). Voucher
specimens of each plant was archived in the company herbarium.

The extraction process was carried out by powdering both
herbs (using a pulverizer) and combining the materials propor-
tionately. The herbal blend was then extracted with water in hot
condition (95–100 �C) three times. The extracts were each then
filtered under vacuum; each filtrate was then combined,
concentrated by evaporation under vacuum and dried using a
spray dryer. Yields were routinely 130 mg/g of starting powder
mixture (13%).

To confirm that any ability of IM-133N to affect the endpoints
measured in this study could not be attributed to any LPS
contamination, the IM-133N was tested for the presence of LPS
using a Limulus ameobocyte lysate test. The level of LPS in IM-
133N was found to be510 pg/ml (data not shown).

Mass spectrometer analysis

An API 2000 (Applied Biosystems/MDS SCIEX, Vaughan, ON,
Canada) system containing a mass spectrometer coupled with an
ESI (electron spray ionization) source and a chromatography
system was used to analyze the IM-133N. Batch acquisition and
data processing were controlled by Analyst 1.5 version software.
Here, a direct infusion (Flow Injection Analysis) method was used
wherein the liquid sample was continuously pumped into the
electron spray mass spectrometer (ES-MS) via syringe pump. The

MS was carried out with a 1 mg IM-133N/ml working sample
prepared in purified water (J.T. Baker, Austin, TX). Intensity
response was checked in both the positive and negative ionization
modes. The good intense response was observed in the negative
ionization mode; other parameters used were declustering poten-
tial (DP; �80 V), ion spray voltage (IS; �4500 V), nebulizing gas
(GS1 and GS2; 30 and 40 psi), curtain gas (CUR; 25 psi), focusing
potential (FP; �400 V), source temperature (TEM; 0 �C) and the
entrance potential (EP; �10 V) were optimized with respect to the
ionization intensity response. A representative mass spectra that
was obtained is shown in Figure 1. Compounds identified by the
mass spectroscopy are provided in Table 1.

Cell culture

RAW264.7 cells (mouse macrophage) and THP-1 (human mono-
cytes) were obtained from the National Centre for Cell Science
(NCCS, Pune, India). All cells were cultured in 25 cm2 polystyr-
ene flasks (Tarsons, Kolkata, India) under a 5% CO2 atmosphere
at 37 �C. The RAW cells were maintained in DMEM high-glucose
medium and THP-1 cells in RPMI 1640 media; both media
contained 10% FBS, 1% antibiotic-antimycotic solution and 3.7 g
sodium bicarbonate/L.

Cell viability

RAW264.7 and THP-1 cells were plated in 96-multiwell culture
plates and incubated at 37 �C. To assess the cytotoxicty of IM-
133N on the cell lines, the culture medium was discarded after
24 h and fresh medium containing IM-133N at various concen-
trations (15–1000mg/ml) was added. An MTT assay was
performed after 24 h to assess cytotoxicity (Mosmann, 1983).
The resultant formazan dye was extracted with DMSO and
spectrophotometric readings taken at 540 nm using a Synergy HT
plate reader (BioTek, Winooski, VT). From the values obtained,
the percentage toxicity (relative to survival of control cells) was
calculated. Each assay was performed three times (in triplicate/
dose). Only non-toxic concentrations of the drug were used in all
subsequent experiments.

Nitrite assay

RAW264.7 cells were cultured at 5� 105 cells/ml in 24-well
plates at 37 �C. The cells were treated with different concentra-
tions of IM-133N (25–100mg/ml) and incubated for 24 h at 37 �C.
Cells that received LPS (1 mg/ml) only or medium only (control)
were also evaluated in parallel. The conditioned media was
collected and assayed for nitrite content using a Griess reaction, as
described in Varma et al. (2011). In brief, equal volumes (50 ml)
of 0.1% N-1-naphthylethylenediamine dihydrochloride (in water),
1% sulphanilamide (in 5% phosphoric acid) and cell culture media
were mixed in wells of flat-bottom 96-well plates and incubated
for 15 min. The colored end-products were then measured at
540 nm in the plate reader. Different concentrations of sodium
nitrite in culture media were used as standards; the concentration
of nitrite in the samples was then extrapolated from the sodium
nitrite standard curve. Each assay was performed three times
(in triplicate/dose). Note, THP-1 cells did not produce detectable
levels of NO by the Griess reaction and, hence, were not included
in this study.

Immunoassay for TNFa

In brief, THP-1 and RAW264.7 cells were grown to confluence in
40-mm dishes at 37 �C. The cells were then treated with IM-133 N
at different concentrations (25–100mg/ml) for 4 h. Cells that
received LPS (1 mg/ml) only or medium only (control) were also
evaluated in parallel. The plate contents were then collected and
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centrifuged; the cell-free conditioned medium was assessed for
TNF� using commercial ELISA kits, according to manufacturer
instructions. The sensitivity of each kit was 3 pg TNF�/ml. Each
assay was performed three times (in triplicate/dose).

RNA isolation and RT-PCR

For the RNA extraction, RAW264.7 and THP-1 cells were treated
with IM-133 N (25–100mg/ml) and incubated at 37 �C for 4 h to
allow for TNF� gene amplification. For iNOS and the other
cytokines investigated, the cells were incubated with IM-133N for
24 h. Cells that received LPS (1 mg/ml) only or medium only
(control) were also evaluated in parallel. In each case, total RNA
was extracted from the cells using FastPrep-R Mini RNA isolation
kit as per manufacturer instruction (Krishgen Biosystems) and the
samples were stored at �70 �C. cDNA synthesis as well as semi-
quantitative RT-PCR for GAPDH, iNOS and other cytokines was
performed as described previously (Mitra et al., 2008; Varma
et al., 2011). PCR was performed in a final reaction volume of
25ml following addition of specific primer pairs and Taq DNA
polymerase using protocols described in Varma et al. (2011).
Primers used for the amplification are listed in the Table 2. PCR
products were then resolved over 1.5% agarose gels and visualized
by ethidium bromide staining. Expression of all genes of interest
was normalized against GADPH expression. Quantification of
PCR products was performed by densitometric analysis using
Image Quant software (Microsoft, Santa Rosa, CA). Each assay
was performed three times (in triplicate/non-cytotoxic dose).

Statistics

All results were expressed as mean ± SD. Statistical significance
of the nitrite, TNF� and RT-PCR outcomes was determined using

one-way analysis of variance (ANOVA) included in a Prism4
software package (Graph Pad, San Diego, CA). Results were con-
sidered significantly different from one another at p values50.05.

Results

IM-133N effects on NO and TNFa formation by cultured
cells

IM-133N was evaluated for its cytotoxicity in RAW264.7 and
THP-1 cells via an MTT assay; incubation of the cells for 24 h
with IM-133N over a dose range 0–125 mg/ml did not cause
cytotoxicity that exceeded 10% (Figure 2). Among the tested
concentrations below 125mg/ml, doses of 25–100mg/ml IM-
133 N were both non-cytotoxic and effectively induced significant
NO production by the RAW264.7 cells (Table 3). Basal NO
formation by untreated RAW264.7 cells was 52.5 mM. NO
production after the 24-h exposures to 25, 50 or 100mg/ml
treatments reflected a dose-related trend for increases in NO
levels of, respectively, 13.01 [± 5.03], 27.42 [± 3.29] and 51.12
[± 4.97] mM NO. LPS, a potent macrophage activator, induced
synthesis of 67.91 [± 6.56] mM NO.

Inducible TNF� formation was also assessed in the treated
cells (Table 2). Preliminary studies here showed that, when
RAW264.7 and THP-1 cells were cultured in the presence of IM-
133N, TNF� was rapidly secreted (i.e. within 4 h). Thus, unlike
the other studies here, measures of TNF� release were performed
after just 4 (not 24) h of incubation with IM-133N. The results
showed that doses of 25–100 mg/ml IM-133N were non-cytotoxic
and effectively induced significant TNF� production by the
RAW264.7 and THP-1 cells in the 4-h timeframe. Basal TNF�
formation by both types of untreated cells was � 1 pg/ml. After
the 25, 50 and 100mg/ml treatments, RAW264.7 cell TNF�

Figure 1. Mass spectra showing compounds of IM-133N extract. Spectrometric conditions are described in the Methods.
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Table 1. List of compounds in IM-133N identified by mass spectrometry.

Compound Molecular formula Actual molecular weight Obtained molecular ion Molecular structure

Symplososide C27H26O10 510.50 g/mol 509.01 m/z

Symponoside C27H26O11 526.50 g/mol 525.07 m/z

Symploveroside C29H32O10 540.57 g/mol 539.91 m/z

Symplocomoside C27H26O12 542.50 g/mol 541.13 m/z

Salireposide C20H22O9 406.38 g/mol 405.36 m/z

Symconoside–A C26H32O14 568.50 g/mol 567.22 m/z

Oleanolic acid C30H48O3 456.70 g/mol 454.90 m/z

Betulic acid C30H48O3 456.70 g/mol 454.90 m/z

(continued )
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production was, respectively, 8.99 [± 0.42], 11.52 [± 0.82] and
20.58 [± 1.05] pg/ml; LPS induced synthesis of 25.09 [± 2.33] pg
TNF�/ml. After the same IM-133N treatments, TNF� production
by THP-1 cells was, respectively, 6.12 [± 0.76], 10.09 [± 0.91]
and 19.31 [± 1.86] pg/ml; LPS induced synthesis of 23.77
[± 2.91] pg TNF�/ml.

To confirm that the ability of IM-133N to induce NO and
TNF� could not be attributed to any LPS contamination, IM-
133N was tested for a presence of LPS. As the level of LPS was
5510 pg/ml, this indicated that all of the induced production of
NO and TNF� by IM-133N was not due to any exogenous LPS
contaminants.

Table 2. Primers used for amplifications.

Gene Source Primer sequences Annealing T�

IL-10 Mouse Forward 50-CCAGTTTTACCTGGTAGAAGTGATG-30

Reverse 50-TGTCTAGGTCCTGGAGTCCAGCAGACTCAA-30
60 �C

Human Forward 50-ATGCCCCAAGCTGAGAACCAAGAC-30

Reverse 50-TCTCAAGGGGCTGGGTCAGCTATCCCA-30
60 �C

IL-6 Mouse Forward 50-TTCCTCTCTGCAAGAGACT-30

Reverse 50-TGTATCTCTCTGAAGGACT-30
60 �C

Human Forward 50-GTACCCCCAGGAGAAGATTC-30

Reverse 50-CAAACTGCATAGCCACTTTC-30
60 �C

CXCL1 (mouse)
IL-8

Mouse Forward 50-CACCTCAAGAACATCCAGAGCT-30

Reverse 50-CAAGCAGAACTGAACTACCATCG-30
55 �C

Human Forward 50-GCTTTCTGATGGAAGAGAGC-30

Reverse 50-GGCACAGTGGAACAAGGACT-30
60 �C

IFN� Mouse Forward 50-TGGCATAGATGTGGAAGAAAAGAG-30

Reverse 50-TGCAGGATTTTCATGTCACCAT-30
60 �C

Human Forward 50-TGACCAGAGCATCCAAAAGA-30

Reverse 50-TGTATTGCTTTGCGTTGGAC-30
60 �C

TNF� Mouse Forward 50-GTTCTATGGCCCAGACCTCACA-30

Reverse 50-TACCAGGGTTTGAGCTCAGC-30
60 �C

Human Forward 50-ATGAGCACTGAAAGCATGATC-30

Reverse 50-TCACAGGGCAATGATCCCAAAGTAGACCTGCCC-30
60 �C

iNOS Mouse Forward 50-TCTTGGTCAAAGCTGTGCTC-30

Reverse 50-CATTGCCAAACGTACTGGTC-30
60 �C

GAPDH Mouse Forward 50-ACCACAGTCCATGCCATCAC-30

Reverse 50-TCCACCACCCTGTTGCTGTA-30
60 �C

Human Forward 50-ATGAAGATCCTGACCGAGCGT-30

Reverse 50-AACGCAGCTCAGTAACAGTCCG-30
58 �C

Figure 2. Cytotoxicity of IM-133N on (a)
RAW264.7 and (b) THP-1 cells. Cells were
incubated for 24 h with differing concentra-
tions of IM-133N and cell viability was then
determined using an MTT assay. Data are
expressed as mean (±SE) cytotoxicity (i.e.
percentage reduction in viable cell number vs
control) from three assays using n¼ 3
samples/IM-133N concentration.

Table 1. Continued

Compound Molecular formula Actual molecular weight Obtained molecular ion Molecular structure

Mesquitol C15H14O6 290.26 g/mol 288.79 m/z

Note: The compounds which are mentioned in the Table were reported in the literature; however, the complete structural elucidation of each compound
in IM-133N extract was not confirmed here.
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Effect of IM-133N on cytokine gene expression in THP-1
and RAW 264.7 cells

To determine if IM-133N regulated NO and TNF� secretion at
the mRNA level, RT-PCR was carried out. TNF� gene expression
was found to be elevated in IM-133N-treated (25, 50 or 100mg/
ml) RAW264.7 (Figure 3) and THP-1 (Figure 4) cells (relative to
that in control cells) after 4 h of incubation. While the effects
appeared to be more consistently dose-related only in the
RAW264.7 cells, induction by the two lower doses tested only
nominally enhanced gene expression compared to that of control
cells. In comparison, while there was no apparent dose-associated

effect among the THP-1 cells, each dose of IM-133N still
appeared to have induced a notable increase in TNF� expression.
As expected, LPS (1 mg/ml) also increased TNF� mRNA levels in
both lines.

Consistent with the results from the NO assay, iNOS mRNA
levels in the RAW264.7 cells were markedly increased by IM-
133N treatment after 24 h of incubation (Figure 4). However,
although there seemed a case for a dose-related pattern of effect
(i.e. all three doses of IM-133N used induced increases in iNOS
expression), the pattern was not like that seen in the cell measures
of NO itself. It is possible that this dichotomy might be explained
by the fact that, by assessing iNOS expression and NO levels

Figure 3. Densitometric analysis of gene transcripts obtained from RAW264.7 cells. Cells were incubated with the IM-133N for 4 h (for TNF� gene
amplification) or for 24 h (for iNOS and the other cytokines investigated) before being harvested. Relative levels of each gene’s expression were
normalized to that for GAPDH. Values shown depict arbitrary units. Values are mean ± SD of three individual experiments using n¼ 3 samples/IM-
133N concentration. *Value significantly different from control or # from LPS control (p50.05).

Table 3. Effect of IM133N on NO and TNF� secretion.

RAW264.7
THP-1

Treatment NOa TNF�b TNF�b

Control 2.33 ± 0.15 1.03 ± 0.11 0.77 ± 0.21
IM-133N (25 mg/ml) 13.01 ± 5.03*# 8.99 ± 0.42*# 6.12 ± 0.76*#
IM-133N (50 mg/ml) 27.42 ± 3.29*# 11.52 ± 0.82*# 10.09 ± 0.91*#
IM-133N (100mg/ml) 51.12 ± 4.97*# 20.58 ± 1.05*# 19.31 ± 1.86*#
LPS (1 mg/ml) 67.91 ± 6.56* 25.09 ± 2.33* 23.77 ± 2.91*

RAW264.7 and THP-1 cells were cultured with IM-133N or LPS (1mg/ml) and supernatants were
harvested a24 h later and assayed for NO or b4 h later and assayed for TNF�.

Values are mean ± SD of three individual experiments, performed in triplicate/dose. Values for NO are
in terms of mM; those for TNF� are in pg/ml.

*Value significantly different from control or #from LPS control (p50.05).
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associated with the cells, the present study failed to account for
likely accumulation of NO in the medium over the incubation
period, while the RT-PCR reflected a single timepoint snapshot of
gene expression. In either case, it is clear that the IM-133N
treatment caused augmented formation of the NO by the
RAW264.7 cells.

To analyze effects of IM-133N on expression of other key pro-
inflammatory cytokines, RT-PCR was carried out using oligo dT
primers for first stand synthesis followed by mouse and human-
specific gene primers for PCR amplification. The results shown in
Figures 3 and 4 reflect what might be a ‘‘dose-related’’ increase
(between 25–50 mg/ml IM-133N doses) in the mRNA expression
of IL-6 and IL-8 genes in both cell lines, as compared to
expression levels in corresponding control cells. This same
pattern was only evident for the IL-10 gene in the THP-1 cells.
With each line, any ‘‘dose-related’’ effect on IFN� gene
expression only was evident as the dose increased from 50mg/
ml to 100mg/ml IM-133N, although, again, the effect was more
apparent in the THP-1 cells. LPS, as expected, up-regulated the
gene expression of each test cytokine in both cell lines.

As was done for TNF� here, our ongoing studies are
performing measures of the products of each of these assayed
genes to better discern if the IM-133N also results in changes in
the actual formation/release of these key immunomodulating
proteins. Those results will be presented in a follow-on publica-
tion about the immunotoxic effects of IM-133N.

Discussion

In chronic and acute infections, cytokines mediate these immuno-
logical responses and also maintain immune homeostasis (Liu et al.,
2002). Immune system cells are equipped to synthesize and release

a variety of cytokines that signal other (both immune and non-
immune) cells and trigger them to become either more (up-
regulated) or less (down-regulated; modulated) active (Balkwill,
2000). Among these cytokines are interferons (IFN), interleukins
(IL), colony-stimulating factors (CSF), tumor necrosis factor (TNF)
and transforming growth factors (TGF) (Roitt et al., 1998). The
distinctive pattern and effect of each cytokine depends on concen-
tration-dependent binding to specific receptors on the surface of
target cells and subsequent activation of cellular machinery, in some
cases, at the level of the nucleus and genetic machinery.

Compounds/drugs that may act as adjuvants and alter the
synthesis of various immune signaling molecules during immune
responses are of immense importance in the designing of
therapeutic strategies (Gautam et al., 2009). Immune-related
diseases have long been treated with herbal medicines (Spelman
et al., 2006; Tan & Vanitha, 2004). Herbal immunomodulators
perhaps might be safe and help in modulating immune responses
(You et al., 2001). In regard to phytotherapy, immunomodulators
may be defined as botanical medicines that alter the activities of
the immune system via the dynamic regulation of informational
molecules, such as cytokines, hormones, neurotransmitters and
other peptides. In the past 20 years, hundreds of traditional and
herbal medicines with immunomodulating functions have been
screened. Of these, most induced modulation of expression of
multiple cytokines including IL-1, IL-6, TNF� and IFN�
(Spelman et al., 2006). For example, the methanol extract of
Echinacea purpurea caused an increase in production of IL-6 and
IL-10 by human and murine macrophages (Burger et al., 1997;
Rininger et al., 2000). Similarly, a glycoprotein fraction from rice
bran (Oryza sativa) strongly increased the production of TNF�,
IL-6 and IL-10 by RAW264.7 cells (Park et al., 2013).

Figure 4. Densitometric analysis of gene transcripts obtained from THP-1 cells. Cells were incubated with the IM-133N for 4 h (for TNF� gene
amplification) or for 24 h (for the other cytokines investigated) before being harvested. Relative levels of each gene’s expression were normalized to that
for GAPDH. Values shown depict arbitrary units. Values are mean ± SD of three individual experiments using n¼ 3 samples/IM-133N concentration. *
Value significantly different from control or # from LPS control (p50.05).
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IM-133N contains the extracts of Symplocos recemosa and
Prosopis glandulosa. The S. racemosa extract contains many
alkaloids, e.g. loturine, colloturine, loturidine, symplocososide,
symploveroside and salireposide (Bhusnar et al., 2014; Hanumant
et al., 2014). Two phenolic glycosides, Symconoside A and
Symconoside B, have also been isolated from this plant (Ahmad
et al., 2005). It is well documented that phenolic glycosides have
strong immunostimulant properties (Lakshmi et al., 2003). The
extract of P. glandulosa contains gallic acid, quercetin, apigenin,
coumaric acid, luteolin, catechin and epicatechin gallate (Andrade
et al., 2013; Bisby, 1994). Quercetin and gallic acid are also
known to immunomodulate responses by mouse macrophages
(Liao & Lin, 2014; Yadav et al., 2012). Alkaloids like indolizidine
and galactomannan have also been reported present in Prosopis
spp. (Michael, 2008); these alkaloids and related compounds have
immunostimulatory properties (Wijesekera, 1991). Therefore, in
the present study, that IM-133N was able to impact on various
immunological markers associated with human monocytes (THP-
1) and mouse macrophage (RAW264.7) cells in vitro – including
formation of TNF� and nitric oxide (NO) – was not unexpected.

Among the various markers analyzed here, NO has been
proposed to function as a potent tool in the immune response and
a key molecule produced by macrophages for elimination of
pathogens (Park et al., 2013). The fact there was enhanced NO
production by RAW cells here clearly showed that IM-133N could
probably affect transcription of various signaling genes normally
regulated by NO. For example, it was previously shown that NO
synthase inhibition causes increases in pro-inflammatory cytokine
protein/mRNA expression, in part because NO normally causes
decreases in NF-�B available for binding to regulatory regions of
those genes (Walley et al., 1999). These results also suggested that
secretion of NO and TNF� was regulated by the same mechan-
ism(s), or that TNF� (which is produced first) may have affected
NO formation via some autocrine or paracrine mechanism.

Consistent with the results obtained for effects on cell
expression of NO and TNF�, IM-133N also affected the
expression of genes for other cytokines, including IL-6, -8 and
-10 and IFN� in the RAW264.7 and THP-1 cells. IL-6 is a pro-
inflammatory cytokine that, along with TNF� and IL-1, is
induced by LPS. Immunostimulant activity of Heracleum max-
imum was reported, where the aqueous root extracts stimulated
IL-6 levels in mouse macrophages (Webster et al., 2006). IL-8 has
an important role in activating neutrophils and to potentiate
chemotaxis. IL-10, produced by a variety of cells (including T-
and B-lymphocytes, monocytes), is a key immunomodulatory
cytokine capable of mediating immunosuppressive and immu-
nostimulating effects (Fujii et al., 2001). The immunomodulatory
effects of Oenothein B isolated from Epilobium augustifolium and
Uncaria tomentosa on the regulation of IL-6, IL-10 and IL-8 was
shown by Schepetkin et al. (2009) and by Fransisco et al. (2012).
IFN� secretion is associated with protective responses against
intracellular pathogens, including parasites, bacteria and viruses.
IFN� is also both an inducer and a product of NK cells; it is also
released by many types of stimulated macrophages (Fenton et al.,
1997; Schindler et al., 2001; reviewed in Schroder et al., 2004).
Immunostimulating activities of Rauwolfia serpentina were
demonstrated wherein aqueous root extracts of the plant increased
IFN� expression by human T-cells (Jin et al., 2002). Similarly,
leaf ethanol extracts of Cissampelos sympodialis increased IFN�
expression in spleen cells (comprised of mixture of lymphocytes/
macrophages, etc.) (Piuvezam et al., 1999). That the IM-133N
was able to modulate expression of genes for these cytokines in
both macrophage–monocyte cell lines would, thus, be in keeping
with effects of other herbal materials.

Biological response modifiers are widely known to potentiate
therapeutic efficacy or alleviate toxicity of other agents

(You et al., 2001). Because of the pivotal role of NO and TNF�
in many immune responses (i.e. antimicrobial, tumoricidal),
significant efforts have been undertaken to develop therapeutic
agents that regulate production/secretion of these molecules
(Poderoso et al., 1999). High levels of cytokines such as IFN�,
TNF�, IL-2 and IL-12 tend to favor the induction of cell-
mediated immune responses, whereas high levels of cytokines
like IL-4, -5, -6 and -10 tend to favor humoral immune response
induction. The present study results are significant in that the
induction of IFN�, IL-6 and IL-10 could also potentially be
regulated by IM-133N, i.e. secondary to effects on the various
cytokines/NO assayed herein.

Conclusions

In general, the results of the present study raise the possibility that
IM-133N may cause shifts in immune responses based on levels
of cytokine production. Hence, judicious use of IM-133N at
appropriate concentrations during treatment is recommended to
bring about a positive immune response and not an untoward one
– such as allergy and/or autoimmunity.
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