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Background: Guggulutiktaka ghritam is an ayurvedic medicine which has been traditionally used to treat
various chronic inflammatory conditions. However, the mechanism of action of the Ayurvedic medication
in control of inflammatory conditions has not been clearly evaluated.
Objective: In the current study, the effect of the Guggulutiktaka ghritam extract (GTG) on the lipoxygenase
pathway and in the production of proinflammatory cytokines involved in the pathogenesis of chronic
inflammation was studied.
Materials and methods: The effect of GTG in the production of leukotriene was determined by enzyme
inhibition studies on 12- lipoxygenase. The assay was carried out by ferrous oxidation of xylenol orange
(FOX assay) and was compared to a positive control nordihydroguaiaretic acid. The effect of GTG on the
production of proinflammatory cytokines TNF-a and IL-1b in monocytes were studied. For this, the
monocytes were pretreated with various concentrations of GTG and subsequently stimulated with
lipopolysaccharide. The cytokines TNF-a and IL-1b produced were quantified by ELISA and the results
were compared to positive controls Rolipram and Dexamethasone respectively. The gene expression
studies were carried out using qRT-PCR. The IC50 values were calculated and evaluated statistically.
Results: The result indicates that GTG in comparison to the positive control Nordihydroguaiaretic acid
significantly reduced the activity of 12- lipoxygenase. Also, there was significant inhibition in the pro-
duction of proinflammatory cytokines in LPS stimulated monocytes pretreated with GTG as compared to
positive control Rolipram and Dexamethasone. There was significant downregulation of IL-1b gene in LPS
stimulated monocytes pretreated with GTG as compared to control. These changes are further supported
by Raman spectra obtained for GTG treated and untreated cells.
Conclusion: The study revealed that GTG is a leukotriene and cytokine inhibitor. The inhibition in the
production of cytokines may be due to the down-regulation of genes for TNF-a and IL-1b. The study
provides a scientific validation on the possible anti-inflammatory mechanism of action of this tradi-
tionally used medicine. Identification of bioactive molecules would aid in developing newer therapeutics
for control of chronic inflammation.
© 2018 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Complex interactions between various immunomodulators
comprising of cytokines and different signaling pathways are the
hallmark of chronic inflammation [1]. It has been reported that the
leukotriene product of 12-lipoxygenase (12eLOX) has an important
role in the progression of inflammatory conditions [2,3]. Monocytes
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andmacrophages contribute to chronic inflammatory conditions by
producing higher amounts of Prostagladins-2 (PGE2), superoxide
anions and lysosomal enzymes leading to tissue damage [4].
12eLOX and its products are involved in the adhesion of monocytes
to the endothelial cells, which is an important step in inflammatory
pathways [5]. In addition, they are also involved in the production
of TNF-a and interleukins which further complicate the chronic
inflammatory conditions.

Cytokines are key mediators of the inflammatory process. They
orchestrate inflammatory responses and are major determinants
of cellular activation and systemic response to inflammation.
ion. Publishing Services by Elsevier B.V. This is an open access article under the CC
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Fig. 1. Figure showing percentage inhibition of 12-LOX by GTG as compared to that of
NDGA. Values from three independent experiments are plotted as mean ± S.D.
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Cytokines have a multifunctional role in having both autocrine
and paracrine action as well as in having a synergistic and
antagonistic inflammatory activity [6]. Several cytokines play an
important role in the progression of inflammation. Among these
TNF-a and IL-1b are potent inflammatory mediators. TNF-a and
IL-1b are involved in the synthesis of prostaglandins and cellular
adhesion molecules, B and T cell maturation, the release of lyso-
somal enzymes in case of arthritis, diabetes and obesity [7]. IL-1 is
localized in synovial pannus produced by cells lining bones and
joints and by chondrocytes and is more potent in the induction of
tissue-damaging matrix metalloproteinases (MMPs) in rheuma-
toid arthritis [8]. Cytokine therapies, which include anti-TNF-a
and IL-1b, have been the recent trend in the treatment of
inflammation [9,10]. Anti IL-1b therapy before the onset of
arthritis has proven to be beneficial [11]. Studies have shown in-
hibition of both TNF-a and IL-1 decreases inflammation due to
arthritis [12]. But various side effects like nausea, gastrointestinal
disturbances, the occurrence of opportunistic infections, lym-
phomas and cancer are associated with such therapies [7]. The use
of herbal medicines with comparatively few to no side effects may
be beneficial in such circumstances.

Ayurveda is the traditional platform of medicine, prevalent in
India, Sri Lanka and other South Asian countries, having a history
which dates back to 5000 B.C [13,14]. Clinical studies of ayurvedic
treatment were found to be as effective as conventional treatment
[15,16]. Gugguglutiktaka ghritam, (GTG) also known as Pancatikta
guggulu ghrita/nimbadi ghrita, is an ayurvedic lipid formulation
which, according to the classical ayurvedic text Astanga hridayam, is
used for the treatment of bone and associated disorders [17] and
has been indexed in Ayurveda pharmacopoeia of India (A.F.I. Part-I,
6:27) [18] as a drug used in the treatment of chronic inflammatory
conditions as Sandhigata vata, Vatarakta, Asthigata vata, (Osteoar-
thritis, Gout, Osteoporosis). Ghritas are ayurvedic formulations
prepared in ghee (clarified butter) along with polyherbal de-
coctions. The lipid base helps in better absorption and delivery of
the active constituents [19]. Efficacy of Guggulutiktaka ghritam in
the management of arthritic conditions like rheumatoid arthritis
and osteoarthritis have been studied [17,20]. The dosage and
method of administration of drug have been previously reported
[17]. However, scientific evidence on the mechanism of action of
the drug in controlling inflammation is not available. Since most of
the Ayurvedic drugs are poly herbal in nature it may influence
multiple metabolic pathways. Not much work has been carried out
in determining the cytokine and lipoxygenase modulatory activity
of Ayurvedic medicines as compared to traditional Chinese medi-
cines [21].

The present study aims to elucidate the possible mechanism of
action of GTG in the control of proinflammatory cytokines pro-
duction bymonocytes and also on lipoxygenase enzymes which are
involved in the progression of chronic inflammation associated
with various disorders.

2. Materials and methods

2.1. Reagents

Pseudomonas aeruginosa LPS (LPS), Dexamethasone and
Rolipram from SigmaeAldrich (USA), Nordihydroguaiaretic acid
(NDGA) from Cayman Chemicals (USA), ELISAMAX™ DELUX HU-
MAN TNF-a and IL-1b ELISA kits from Biolegend (USA), Thermo
Scientific Detoxi-Gel Endotoxin Removing Columns from Thermo-
scientific (USA), Methanol, EDTA from Merck (USA) and Antibiotic
solution, EZ™MTTcell assay kit, Ferrous sulfate, Fetal bovine serum
(FBS), HISEP™, Linoleic acid, RPMI 1640, Trypan blue, Tris base and
Tween 20 from Himedia Laboratories (India) were purchased.
Please cite this article in press as: Mohan MC, et al., Modulation of p
Guggulutiktaka ghritam, J Ayurveda Integr Med (2018), https://doi.org/10
2.2. Preparation of Guggulutiktaka ghritam and validation of the
drug by HPLC

Guggulutiktaka ghritam was obtained from Arya Vaidyasala
Kottakkal, India (Batch No: 145426, Mfg.Lic.No: 1/25D/76, QC report
provided in supplementary data). Industrially Guggulutiktaka
ghritam is prepared by boiling ghee with the decoctions of in-
gredients 2e6 and paste of ingredients 7e31 (Supplementary
Table.1), stirred well and attained to medium consistency, filtered
and packed. The Guggulutiktaka ghritam extract (GTG) was pre-
pared by maceration in HPLC grade Methanol. 20 gm of Guggulu-
tiktaka ghritam yielded 1.998 gm of extract. The extract obtained
was lyophilized, weighed and redissolved in 0.1% DMSO for cell
culture studies and in HPLC grade methanol for enzyme inhibition
studies and for further analysis. Prior to analysis, the extracts were
passed through Thermo Scientific Detoxi-Gel Endotoxin Removing
Columns for the removal of endotoxins.

The drug validation was performed as per the guidelines of
WHO [22] for herbal medicines and as described earlier [23]. In
order to validate the commercially obtained drug, two different
batches were used. Reports on the use of bioactive constituents
present in different plant components of polyherbal formulations
as marker compounds for standardization is available [23]. HPLC
fingerprintingwas done and comparedwith bioactive constituents/
standards present in the herbal preparation. Bioactive molecules
identified and used for fingerprinting chromatography are lupeol of
C. paniculatus, H. antidysentrica and P. rosea, piperine of P. longum
and P. nigrum, piperlongumine of P. longum, rutin of A. indica,
stigmasterol of C. longa, ferulic acid of C. mukul and A. indica and
gallic acid of A. indica. For HPLC analysis 20 ml of methanolic extract
of Guggulutiktaka ghritam was used (Fig. 1). HPLC analysis was
performed on Shimadzu LC20AP, Japan with Enable C18
250� 4.6 mm column having a particle size 5 mm and pore size 120
A0. An isocratic system consisting of 60% Acetonitrile (solvent B) in
0.1% TFA in water (solvent A) was run for 60 min with a flow rate of
1.0 mL/min for both the GTG extract and the standards. The UV
detector was set at 254 nm. The data obtained were analyzed by LC
solution software by Shimadzu, Japan.

2.3. Platelet 12-lipoxygenase isolation

Platelet 12-LOX was isolated from human platelets (Institutional
human ethical clearance No: IEC/IRB No: 4/IHEC20082015) as per
the protocols described earlier [24] with slight modifications.
Briefly, human platelets isolated from platelet-rich plasma (PRP)
roinflammatory cytokines and enzymes by polyherbal formulation
.1016/j.jaim.2018.05.007
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obtained from blood bank was initially centrifuged at 230 g for
5 min followed by centrifugation of supernatant at 500 g for
20 min. The pellet obtained was resuspended in phosphate buffer
saline (pH 7.4, 2 mM EDTA) and again centrifuged at 230 g for
5 min. The supernatant was discarded and the pellets were sus-
pended in fresh calcium-free tyrodes buffer (pH 7.4) and kept at
room temperature for 30 min. The pellets were lysed by adding
Triton X 100 to 0.1% of pellet suspension and followed by freeze-
thawing. The cell debris was removed by centrifugation and the
enzyme was stored at �80� C until use. The total protein was
estimated by Bradford assay [25].
2.4. Effect of GTG on platelet 12-lipoxygenase

Inhibition of platelet 12 lipoxygenases by GTG extract was car-
ried out by FOX assay as described earlier [26]. FOX reagent was
prepared by dissolving Xylenol orange (100 mM) inmethanol: water
(9:1) containing sulphuric acid (30 mM) and ferrous sulfate
(100 mM). For FOX assay, 20 mL of different concentrations of GTG
and positive control Nordihydroguaiaretic acid (NDGA) separately
were incubated with 20 mL of platelet 12- LOX (100 ng of protein)
for 20 min at room temperature. 50 mL of the linoleic acid substrate
(140 mM)was added, mixed and incubated for 20 min 130 mL of FOX
reagent was added and kept in dark for 30 min at room tempera-
ture. Fox reagent and methanol was used as negative control. Bio-
Rad microplate reader was used to record the absorbance at
590 nm. Percentage inhibition was further calculated using the
formula

Percentage inhibitory activityð%Þ

¼
�
Absorbance of Control� Absorbance of Test

Absorbance of Control

�
� 100

where absorbance of control represents uninhibited enzyme
activity whereas that of the test represents the enzyme activity
either in the presence of GTG or positive control. From the
percentage inhibition, IC50 value was calculated by using Graph
pad prism 5 TM software. The values obtained were compared to
that obtained for positive control Nordihydroguaiaretic acid
(NDGA).
2.5. Isolation and culture of monocytes and cytotoxicity assay

Ethical clearance from institutional human ethical committee
(IEC/IRB No: 4/IHEC20082015) and consent from healthy vol-
unteers were obtained for drawing blood. Fresh blood was
collected by venipuncture and monocytes were isolated by
density gradient centrifugation using HISEP™ according to
manufacturer's instructions. The cells isolated were suspended
in RPMI1640. The viability of cells was determined by Trypan
blue exclusion assay. MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
Diphenyltetrazolium Bromide) assay using EZ™ MTT cell assay
kit was performed to check the cytotoxicity of the GTG extract.
Briefly, from a stock cell suspension of 1 � 106 cells/mL of PBMC,
100 mL of cell suspension were seeded onto 96 well plates and
incubated for 2 h at 37 �C for monocytes cell adhesion. Non-
adherent cells were removed and to the remaining adherent
cells, varying concentrations of GTG extract (0.0044e4.4 mg/mL)
was added and incubated for 2 h, after which 10 mL of MTT re-
agent was added and the plates were kept for 4 h for the for-
mation of formazan crystals. The crystals formed were dissolved
in solubilizing solution (DMSO) and absorbance was read at
570 nm. Concentrations, which proved to be non-cytotoxic, were
used for further cell culture studies.
Please cite this article in press as: Mohan MC, et al., Modulation of p
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2.6. Antigenic stimulation, cytokine quantification and gene
expression

For cytokine production by monocytes and gene expression
studies P. aeruginosa LPS was used as the antigen. Monocytes were
seeded at a cell density of 1 � 106 cells/mL in RPMI1640 containing
10% heat-inactivated fetal bovine serum, 4.5 g glucose/L, 100 U/mL
of penicillin and 0.1 mg/mL of streptomycin at 37 �C at 5% CO2. The
cells were pretreated with varying concentration of GTG and pos-
itive standards Rolipram and Dexamethasone for 2 h before LPS
stimulation. LPS (at a concentration of 100 ng/mL/well) dissolved in
0.1% DMSO was added to the media and further incubated for 24 h.
Monocytes with solvent but without LPS and GTG treatment was
kept as negative control. A control group consisting of cells without
GTG and positive control instead with solvents and LPS was also
kept for comparison.

For cytokine quantification, the cell suspension was centrifuged
and the supernatant was taken. The cytokines were estimated by
ELISAMAX™ DELUX HUMAN TNFa and IL1 b kits as per the pro-
tocols provided along with the kits. The absorbance was recorded
with Thermo Scientific Varioskan multimode reader and the data
were analyzed for concentration by four parameter logistic curve
equation. The value of blank was subtracted from the control and
test. The percentage inhibition values were calculated as ((Value of
control- Value of test)/Value of control) �100. The IC50 values for
the GTG and positive controls were obtained from the percentage
inhibition curve drawn using GraphPad Prism 5™ software.

For gene expression studies, total cellular RNAwas isolated from
the cells obtained after centrifugation using RNAiso Plus reagent
(Takara, Japan) according to the kit protocol. The extracted RNAwas
dissolved in nuclease-free water. DNase I (1U/mL) was added to the
RNA solution to remove residual DNA if any. DNase was denatured
by heating at 75 �C for 10 min 100 ng of the extracted RNA was
converted to cDNA using Bio-Rad iScript cDNA synthesis kit. Real-
time qPCR was carried out using Roche SYBR Green I master mix
using 2 mL of synthesized cDNA along with primers of various in-
flammatory markers:TNF-a, forward: 50-GTTCTATGGCCCA-
GACCTCACA-30, reverse: 30-TACCAGGGTTTGAGCTCAGC-5’; IL-1b,
forward: 50-GATGAAGTGCTCCTTCCAGG-30, reverse: 30-GGAGAA-
CACCACTTGTTGCT-50, GAPDH, forward: 50-GACCACAGTCCATGC-
CATCAC- 30, reverse:30-TCCACCACCCTGTTGCTGTAG-5’; b-actin,
forward: 50-ATCTGGCACCACACCTTCTACAATGAGCTGCG-30,reverse:
30CGTCATACTCCTGCTTGCTGATCCACATCTG-50.

Real-Time PCR was performed by Roche Light cycler 96™ PCR
instrument. The reaction involves an initial denaturation at 95 �C
for 5 min, amplification and quantification at 95 �C for 10 s, fol-
lowed by that at 72 �C for 30 s. Melting curve program was set at
65e97 �C for 1 min with a ramp rate of 0.1 �C per second and a
continuous fluorescence measurement and cooling at 40 �C for
10 s. The data obtained were analyzed using Light Cycler 96 SW
1.0 software. The results were normalized with respect to the
reference gene GAPDH and b-actin and the fold expressions were
determined.

2.7. Raman spectroscopy on cultured monocytes

For Raman spectroscopic studies, the monocytes were cultured
on sterile glass coverslips kept in 24-well cell culture plates at a cell
density of 1 � 106 cells/mL in RPMI1640 containing 10% heat-
inactivated fetal bovine serum, 4.5 g glucose/L, 100 U/mL of peni-
cillin and 0.1 mg/mL of streptomycin at 37 �C at 5% CO2. The cells
were pretreated with GTG (0.22 mg/mL) for 2 h before LPS stimu-
lation. LPS at a concentration of 100 ng/mL was added to the media
and further incubated for 24 h. For control, media containing 0.1%
DMSO without GTG extract was taken.
roinflammatory cytokines and enzymes by polyherbal formulation
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Fig. 2. Figure showing the percentage cell survival of monocytes on incubation with
different concentration of GTG as determined by MTT assay. Values plotted are from
three independent experiments as mean ± S.D.
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After 24 h, the cell culture media was removed and the cells
were washed thrice with PBS. The cells were then fixed with 4%
formaldehyde solution for 15 min and excess formaldehyde was
washed off with sterile distilled water. Raman spectra of the air-
dried fixed cells were taken. Raman spectra were acquired by
WItec Alpha 300RA (WITec GmbH, Ulm, Germany). Spectra were
obtained using a 532 nm DPSS laser (with a power after single
mode fiber of around 60 mW) which is coupled into an optical
microscope (Modified Zeiss Axio Scope with an objective of 100X
Zeiss with 0.9 NA). The signal is collected into a multimode optical
fiber connected to UHTS300 spectrograph with a back-illuminated
CCD. The spectra were measured in the range of 500-3500 cm�1

with a spectral resolution of 4 cm�1 and were averaged over 10
scans with an exposure time of 10 s. The results were normalized
with the intensity of the peak at 1745 cm�1.

2.8. Statistical analysis

The experiments were done in triplicate. The results were
expressed as a mean ± standard error. Statistical analysis was done
by one-way ANOVA with Tukey's multiple comparison post-test
having a significance level of 95% confidence interval using
GraphPad Prism 5™. A p-value � 0.05 was considered as statisti-
cally significant.

3. Results

3.1. Standardization of GTG extract

Chromatographic fingerprinting by means of HPLC revealed a
similar pattern of chromatogram for two different batches of the
drug and also bioactive compounds as indicated by retention time
(Supplementary Figure 1). This proves consistency in composition
and manufacturing process. HPLC chromatogram shows major
peaks at retention time 3.4, 4.1, 5.2, 5.9, 6.8, 8.6, 9.3, 11.2, 12.3, 13.6,
14.9, 17.9, 19.6, 21.3, 23.8, 25.0, 26.7, 28.0, 35.2, 38.8, 40.1 and
45.2 min for both batches.

3.2. Effect of GTG on inhibition of 12-LOX

The effect of GTG on leukotriene production by 12 LOX was
carried out as described in methods. The percentage inhibition and
IC50 values were calculated for the extracts and compared with
positive control NDGA (Fig. 1). In case of 12-LOX, the IC50 value was
3.883 ± 0.8719 ng/mL for GTG and 270.9 ± 1.0414 ng/mL for NDGA
(Table 1).

3.3. Effect of GTG on production of TNF-a and IL-1b

MTT assay showed the absence of cytotoxicity of GTG at con-
centrations (0.0044e4.4 mg/mL) towards monocytes (Fig. 2). Cells
pretreated with either GTG or positive controls Rolipram for TNF-a
and Dexamethasone for IL-1bwere incubated with LPS for 24 h and
the amount of cytokine produced by the cells was quantified (Fig. 3)
The IC50 values for GTG in inhibiting TNF-a and IL-1bwere obtained
and compared to the IC50 values of positive controls as shown in
Table 1
IC50 values of GTG and NDGA on 12-LOX.

12-LOX IC50 (ng/mL)

GTG ***3.883 ± 0.8719
NDGA 270.9 ± 1.0414

***p-value <0.001 as compared to positive control NDGA.
Values are expressed as mean ± S.E of three independent
experiments.

Please cite this article in press as: Mohan MC, et al., Modulation of p
Guggulutiktaka ghritam, J Ayurveda Integr Med (2018), https://doi.org/10
Table 2. An IC50 of 9.402 ± 0.1993 ng/mL and 2.482 ± 0.2673 ng/mL
was obtained for the inhibition in production of TNF-a and IL-1b
respectively for GTG whereas the positive control for TNF-a inhi-
bition Rolipram was 211.2 ± 0.0011 ng/mL and for Dexamethasone
the positive control for IL-1b the value was 2039 ± 0.0095 ng/mL.

Quantitative real-time PCR revealed that in the control group
consisting of only LPS stimulated monocytes, gene expression of
both proinflammatory cytokines are increased. Upon pretreatment
with GTG, therewas decreased gene expression compared to that of
control. Gene expression of IL-1b was down-regulated by 96.63%
and TNF-a by 31.25% as compared to that of control (Fig. 4).

3.4. Effect of GTG on total cellular changes

The total cellular changes brought about by LPS stimulation and
by GTG on LPS treated monocytes were visualized by Raman
spectroscopy. Raman spectra obtained in LPS stimulatedmonocytes
(control) and cells that were pretreated with GTG, showed a clear
difference. The changes were noticeable in case of peak intensities
and in presence or absence of certain peaks. Major peaks that
differed in Raman intensities between pretreated and control cells
are shown in Fig. 5.

4. Discussion

Inflammation is a complex process involving enzymes of pros-
taglandin synthesis and various cytokine pathways. Though reports
on the inhibitory activity of lipoxygenase by various plants used in
herbal medicine are available, the effects of polyherbal formula-
tions used in Ayurveda are relatively unknown. GTG is a polyherbal
formulation, mentioned in ancient Ayurvedic text Astanga hri-
dayam and in Ayurvedic pharmacopeia of India, used for the
treatment of chronic inflammatory conditions like rheumatism and
related disorders. Clinical trials have shown that GTG reduces pain,
swelling, tenderness and aids in enhanced joint movements in
osteoarthritis patients [17]. Results presented in Fig. 1 indicate the
potential of the polyherbal formulation GTG in inhibiting 12 LOX.
roinflammatory cytokines and enzymes by polyherbal formulation
.1016/j.jaim.2018.05.007



Fig. 3. Effect of GTG on the production of (A) IL-1b and (B) TNF-a in LPS activated monocytes after 24 h of incubation as compared to the control group. Graph showing the
percentage inhibition of TNF-a production by GTG and Rolipram (C) and IL-1b production by GTG and Dexamethasone (D). (Neg.Control-negative control; Control contains LPS
treated monocytes whereas GTG contains LPS þ GTG treated monocytes). *** p-value < 0.001, as compared to control. Values plotted are from three independent experiments as
mean ± SD.

Table 2
IC50 values of GTG and NDGA on TNF-a and IL-1b.

IC50 (ng/mL)

TNF-a IL-1b

GTG ***9.402 ± 0.1993 ***2.482 ± 0.2673
Rolipram 211.2 ± 0.0011 e

Dexamethasone e 2039 ± 0.0095

***p-value <0.001, as compared to respective positive controls.
Values are expressed as mean ± S.E of three independent experiments.
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The inhibition of 12-LOX by GTG is compared with that of positive
control Nordihydroguaiaretic acid (NDGA), a selective lipoxygenase
inhibitor [27]. It has been reported that 12-LOX products mediate
monocyte-endothelial interactions in inflammatory conditions
[5,28] and leukotriene-lipoxygenase pathways are associated with
the pathophysiology of acute and chronic inflammation and hence,
drugs that can interfere with the pathway, are of great potential to
control inflammation [29].

Lipopolysaccharide-stimulated production of pro-inflammatory
cytokines by monocytes and macrophages and their inhibition is a
widely chosen in vitro model for studies on screening for anti-
inflammatory molecules [7,30]. LPS is a bacterial endotoxin which
stimulate immune response in monocytes/macrophages through
Please cite this article in press as: Mohan MC, et al., Modulation of p
Guggulutiktaka ghritam, J Ayurveda Integr Med (2018), https://doi.org/10
TLR4 resulting in activation of various inflammatory mediators
including TNF-a [31]. Results presented in Table 2 indicate that IC50
values shown by GTG in inhibition of production of proinflammatory
cytokines, TNF-a and IL-1b, in LPS stimulated monocytes was sta-
tistically lower compared to that treated with positive controls
Rolipram and Dexamethasone. Besides comparing the IC50 values, a
statistical comparison of various concentrations of GTG with
different concentrations of Rolipram and Dexamethasone was done
(supplementary table 2e3). The results presented in supplementary
Table 2e3 show that the inhibition of TNF-a and IL-1b by GTG is at
par with Rolipram and Dexamethasone and at a certain concentra-
tion, the inhibition was much better. The IC50 values (Table 2) show
that GTG is much more potent than the respective positive control
used in the inhibition of pro-inflammatory cytokines TNF-a and IL-
1b. Inhibition of pro-inflammatory cytokines production by extracts
of GTG is in line with the new approach in the treatment of chronic
inflammatory diseases [32].

Further studies were carried out to investigate the efficacy of
GTG extract at the level of TNF-a and IL-1b gene expression in LPS
stimulated monocytes. Several pathological conditions like Rheu-
matoid arthritis, Ankylosing spondylitis, Diabetes, Obesity, Parkin-
son's Disease, Spondyloarthropathies, Crohn's disease, Ulcerative
colitis, Gastritis etc. are manifested by overexpression of cytokines
roinflammatory cytokines and enzymes by polyherbal formulation
.1016/j.jaim.2018.05.007



Fig. 4. Quantitative Real-Time PCR: Expressions of (A) IL1-b and (B) TNF-a in LPS treated monocytes. (Control contains LPS treated monocytes whereas GTG contains LPS þ GTG
(0.22 mg/mL) treated monocytes). Values plotted are from three independent experiments as mean ± SD. *** p-value < 0.001 as compared to control.

Fig. 5. Raman spectra of LPS treated monocytes. (Control contains LPS treated
monocytes whereas GTG contains LPS þ GTG treated monocytes).
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like TNF-a and IL-1b [7]. The gene expression study (Fig. 4) shows
that GTG has reduced the expression of both pro-inflammatory
cytokines. The effect was more pronounced in IL-1b gene than
TNF-a. Both TNF-a and IL-1b are primary mediators in the patho-
genesis of chronic inflammation in rheumatoid arthritis and are
potent stimulators of synovial fibroblasts, osteoclasts and chon-
drocytes [33]. As TNF-a is involved in joint swelling and IL-1b in cell
invasion and erosive cartilage damage [34], the inhibition, of both
these proinflammatory cytokine production, plays a pivotal role in
controlling inflammatory arthritis. Further studies have to be car-
ried out to elucidate the role of GTG in controlling inflammation in
arthritis, as the mechanism by which LPS elicit inflammation
(through TLR4) is different from the inflammatory response in
Rheumatoid arthritis, which involves a wide array of mechanism
and cells other than monocytes. However, the data obtained from
this work is promising, as inhibition of production of TNF-a and IL-
1b are identified as potential therapeutic targets for pathophysio-
logical conditions associated with chronic inflammation.

Data observed at gene expression level are further confirmed by
results of Raman spectroscopy. The cells which were treated with
Please cite this article in press as: Mohan MC, et al., Modulation of p
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LPS with and without pretreatment of GTG (control) were sub-
jected to Raman spectroscopic analysis. The spectra obtained for
monocytes are in line with the previous reports [35]. Raman
spectra obtained in LPS stimulated monocytes (control) and cells
that were pretreated with GTG before LPS stimulation, showed a
clear difference in Raman spectra (Fig. 5). Increased production of
proinflammatory cytokines by monocytes occurs during inflam-
matory conditions and also during LPS stimulation [7]. The peak at
1447 cm�1 which corresponds to the total cellular proteins has
been found to be increased in control cells, whereas in GTG treated
cells the intensity was less. The increase in Raman peak intensity at
1447 cm�1, which denotes the CH2 bending, is a measure of total
cellular protein concentration and is not affected by protein sec-
ondary structure or various protein interactions [36,37]. This
increased concentration of proteins in cells is probably a reflection
of increased production of proinflammatory molecules TNF-a and
IL-1b which are proteinaceous in nature. Similarly, the peak at
1002 cm�1 assigned to the C-C symmetric ring breathing of
phenylalanine was found to be more in LPS control cells and had
decreased with GTG pretreatment. The production of cytokines
TNF-a and IL-1b in LPS stimulated cells and decreases on pre-
treatment of cells with GTG, as confirmed by ELISA. This observa-
tion is further supported by the changes in Raman spectral peaks
corresponding to proteins. During inflammatory conditions, the
expression of various genes including TNF-a and IL-1b are found to
be increased in monocytes [38]. Raman shift near 1092 cm�1

reflecting stretching vibration of the DNAephosphate backbone
was observed in LPS stimulated monocytes. This stretching of DNA
backbone can be possibly due to binding of transcription factors to
DNA. This observation is further confirmed by an increase in the
intensity of RNA peak at 831 cm�1, indicating an increased con-
centration of RNA leading to an increase in expression of TNF-a and
IL-1b in LPS stimulated cells. This increase in expression of proin-
flammatory genes, specifically that of TNF-a and IL-1b is more as
has been observed by qRT-PCR and confirmed by the results of
ELISA quantification of TNF-a and IL-1b in LPS stimulated cells.
Besides, the protein and nucleic acid peaks, peaks at 1307 and
1657 cm�1 (CH3/CH2 twisting or bending) corresponding to the
presence of lipids were also found [36]. The intensities of these
peaks increased in case of LPS treated control and was less in GTG
pretreated cells. This increase in lipid content can be explained in
terms of increased production of lipid moieties like eicosanoids
during inflammation due to increased activity of pro-inflammatory
enzymes like cyclooxygenase and lipoxygenases and also from the
fact that there could be an increased release of fatty acids like
roinflammatory cytokines and enzymes by polyherbal formulation
.1016/j.jaim.2018.05.007
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arachidonic acids from cell membrane during inflammatory con-
ditions [39e42]. A broad peak at 2926 cm�1, which denotes overall
changes in lipids and proteins, was decreased in GTG pretreated
cells. Further, the study also indicated that pretreatment of
monocytes with GTG protected the cells by decrease gene expres-
sion of TNF-a and IL-1b.

In the present study, GTG has been shown to exert its effect on
multiple targets i.e. inhibition of leukotriene production by
inhibiting 12- LOX activity, inhibiting production and secretion of
TNF-a and IL-1b as well as decreasing the gene expressions of
TNF-a and IL-1b, all of which are processes which could control
chronic inflammation. Further studies to identify bioactive mol-
ecules that interact with multiple targets would help in devel-
oping newer therapeutic molecules for control of chronic
inflammation. The result obtained from this study supports the
clinical finding and effectiveness of GTG and also validates its
ethnopharmacological uses.

5. Conclusion

Ayurvedic medications have been used for many decades for the
treatment of various ailments, but the underlying mechanism of
action has not been clearly elucidated. Reports are available on the
interactions of pure plant bioactive molecules with various in-
flammatory pathways but such studies in case of Ayurvedic poly-
herbal formulations have seldom been reported. This study brings
an insight into the mechanism by which a polyherbal Ayurvedic
formulation inhibits the inflammatory pathways of cytokines and
the activity of lipoxygenase enzymes. It is possible that GTG exerts
its anti-inflammatory property by inhibiting the pro-inflammatory
cytokine production and the lipoxygenase enzymatic pathway. The
study showed that GTG is more efficient in inhibiting IL-1b, which
in turn maybe responsible in controlling various immunological
conditions. It is quite possible that a disease is caused due to
multiple factors, cure of which would requires treatment of mul-
tiple targets. Hence, a single drug with single target fails to
completely cure a disease condition. Ayurveda, an alternative form
of therapy uses polyherbal decoctions and ghritam with a large
number of bioactivemolecules which act synergistically at different
targets to control a disease.
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