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Abstract PURPOSE: Down-regulation of
lipopolysaccharide (LPS) induced hyper-inflammatory
response by non-toxic pharmacological agents acquires
paramount importance for countering bacterial sepsis.
Anti-inflammatory potential of aqueous extract of
Podophyllum hexandrum, a plant well documented in
Ayurvedic literature for various therapeutic purposes,
was investigated. METHODS: In vivo studies were
performed on Balb/c mice pre-treated with supra-
lethal dose of LPS endotoxin (E.coli 055:B5) with or
without treatment with P. hexandrum extract (RP-1).
Mouse peritoneal macrophage cultures were used to
understand ex vivo effects of RP-1 on LPS generated
nitric oxide (NO), secretion of IFN-γ, IL-6 and TNF-α.
Griess assay and sandwich ELISA method were used to
quantify inducible NO and cytokines respectively.
RESULTS: Minimal dose of LPS that rendered 100%
mortality to mice was found to be 450 μg/kg b.w.
Administration of RP-1 (200 mg/kg b.w., i.p.) one
hour before lethal LPS treatment (0.5 mg/kg b.w.) ren-
dered maximum (78%) survival. Ex vivo study revealed
that RP-1 (50 μg/ml) treatment to peritoneal macroph-
ages inhibited LPS (5 μg/ml) induced nitrite generation
to 37%, IFN-γ secretion to 5%, IL-6 secretion to 50%
and TNF-α secretion to 50 % of LPS treated control
values. CONCLUSION: This study has demonstrated
anti-inflammatory potential of aqueous extract of P.
hexandrum. 

INTRODUCTION

Lipopolysaccharide (LPS) from gram-ve bacteria are
well known to cause bacterial sepsis mediated through
activation of monocytes, neutrophils and macrophages
(1). 

Sometimes, activation of these cells may induce hyper-
secretion of various pro-inflammatory and toxicity
mediating molecules such as TNF-α, IFN-γ, IL-6,
eicosonoids and nitric oxide (NO) free radicals. The
excessive inflammatory responses, in turn, may mani-
fest respiratory failure and multiple organ dysfunction
syndrome (MODS) i.e. loss of capillary integrity, mul-
tiple organ dysfunction (2-4), distributive shock, septic
shock and mortality. For recovery from these shocks,
down-regulation of hyper-inflammatory response by
non-toxic or less toxic pharmacological agents acquires
immense importance.

Plants are known to produce plethora of secondary
metabolites showing wide array of pharmacological
properties and therefore have been used in both the
traditional and modern systems of medicine. Isolated
compounds or the active principle from a plant extract
or the molecular drugs could regulate a particular bio-
chemical pathway involved in the inflammatory
response but may interfere with many other sub-cellu-
lar and cellular pathways and thereby causing toxicity.
The natural combination of compounds present in the
whole plant extract often contained several molecules,
which nullify the side effects produced by the active
biomolecules or their combinations. 
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Podophyllum hexandrum a Himalayan herb, has been
extensively exploited in traditional Ayurvedic system
of medicine for treatment of a number of ailments like
Condyloma acuminata, Taenia capitis, monocytoid leu-
kemia, Hodgkins disease, non-Hodgkin’s Lymphoma,
cancer of brain, lung, bladder (5) and venereal warts
(6). Utility of P. hexandrum has also been reported
against constipation, cold, biliary fever, septic wound,
burning sensation, erysipelas insect bite, mental disor-
ders, rheumatism, plague (7) and to provide symptom-
atic relief in some of the allergic and inflammatory
conditions of skin. P. hexandrum has also been
employed in treatment of cancer (8). In view of these
facts immunomodulatory potential of P. hexandrum
was investigated by studying whole body survival sub-
sequent to LPS induced shock. Various pro-inflamma-
tory mediators such as NO, IFN-γ, TNF-α and IL-6
were studied ex vivo in LPS treated peritoneal mac-
rophages in Balb/c mice.

MATERIAL AND METHODS

Experimental Animals

6-8 weeks old inbred Balb/c female mice weighing 25 ±
3 g, were maintained under controlled environment
(25 ± 2° C) and provided standard animal food pellet
(Amrut laboratory animal feed, India) and water ad
libitum. Animal experiments were conducted strictly
according to INSA-Ethical guidelines for use of ani-
mals in scientific research as prescribed by Central
Drug Research Institute, CSIR, Lucknow, India and
animals were sanctioned and issued after the approval
of the Animal Experimentation Ethics Committee of
the Institute.

Reagents

RPMI 1640 medium and Foetal Bovine Serum (FBS)
were procured from Hyclone, USA; Brewer’s thiogly-
colate medium from Becton Dickinson, USA; BSA, o-
phenylene-diamine (OPD), LPS (E. coli B55:B5) and
ConA from Sigma USA; TNF-α, INF-γ, IL-6 OptE-
IATM ELISA kits from Pharmingen, USA; N-[naph-
thyl]ethyl-ene-diamine dihydro chloride,
Sulphanilamide,  HEPES and H2O2 buffer from E-
Merck, Germany; Streptomycin, Gentamycin, Penicil-
lin, Trypan blue dye, PBS, PHA, H2SO4, NaNO2,
from Himedia, India. 

Preparation of herbal extract

The aqueous extract of whole rhizome of P. hexan-
drum (family Berberidaceae) was prepared as described
earlier (8). Briefly, the dried rhizome of P. hexandrum
was powdered, extracted in triple distilled water, fil-
tered and lyophilised yielding a brownish black resin-
ous material (RP-1) which was stored at 4° C. For
experiments, RP-1 was resuspended in triple distilled
water and sterilised by passing through 0.2 μm filter
(Minisart® NML). For ex vivo experiments the extract
was diluted in serum free RPMI 1640 medium.

HPLC characterization  

HPLC of RP-1 was performed with Simadzu HPLC
system using C-18 column and UV detector. Metha-
nol:water :: 70:30; v/v,  were used as eluents and the
flow rate was maintained at 1 ml/min. The HPLC fin-
gerprint revealed nine prominent peaks (Fig. 1).

Figure 1: HPLC fingerprint of RP-1. Conditions: C-18
column and UV detector, methanol:water:: 70:30, v/v,
was used as eluent and the flow rate was maintained at 1
ml /min, injection volume was 10 μl. 

This HPLC spectrum was used as a fingerprint to
monitor batch-to-batch variations in the herbal extract.
Any batch showing gross variations in the HPLC spec-
trum was rejected.

Generation of septic shock

Female Balb/c mice (6-8 weeks old) were grouped and
maximum five animals were housed in a polyvinyl
cage. Each mouse was administered a lethal dose of
LPS (E. coli 055:B5, 0.5 mg/kg b.w., i.p.) with or with-
out RP-1 treatment. Control group received saline
treatment. To detect the septic shock, onset of shiver-
ing leading to death within 96 h was recorded as per
procedure described (9, 10).  
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Peritoneal macrophage cell culture 

A standard and established method for peritoneal mac-
rophage cell culture (11) was adopted. Briefly, the
mouse peritoneal macrophages were elicited by inject-
ing 4% brewer’s thioglycolate medium (Becton Dickin-
son, MD, USA) into female Balb/c mice. Peritoneal
cells were exudated 72 h after injection by flushing
peritoneal cavity with ice-cold RPMI 1640 incomplete
medium using a 22G1 needle. Peritoneal lavage was
pooled and collected in 50 ml conical centrifuge tube
and centrifuged at 1500 rpm, (10 min, 40 C). The pallet
was resuspended in complete RPMI 1640 medium sup-
plemented with 10% heat inactivated FBS containing
15 mM HEPES buffer, 2 mM L-glutamine, 100 U/ml
penicillin, 100 U/ml streptomycin. Cells were counted
and their viability was checked by trypan blue dye
exclusion method. The peritoneal macrophages were
examined microscopically for their morphological
identification. Their identification was confirmed
based on membrane marker (Mac-1), stained with anti-
Mac-1-FITC conjugated antibody (12). 1 x 105 cells/
well in a final volume of 200 μl were seeded in flat bot-
tom 96-well polystyrene microtiter plate (Costar,
Corning, NY) and incubated at 370 C, 5% CO2 and
85% humidity chamber for 3 h to achieve adherence.
The non-adherent cells were removed by repeated
washing with ice-cold serum RPMI 1640 medium
while adherent cells were cultured for nitric oxide and
cytokine assay.  

Measurement of total nitrite  

The macrophage culture supernatant was used for esti-
mating the stable NO metabolite, nitrite (NO2

-) by
Griess assay as described (13). Equal volume of the cul-
ture supernatant treatment groups and Griess reagent
(1% sulphanilamide and 0.1% N-[naphthyl] ethylenedi-
amine dihydrochloride; 1:1) were mixed and the absor-
bance was measured at 550 nm by ELISA reader (BIO-
TEK instrument INC, Canada.). The amount of nitrite
was calculated from a NaNO2 standard curve.

ELISA for cytokines

Different pro-inflammatory cytokines in the cell
supernatant were measured by standard, sensitive and
reliable sandwich ELISA method (14) using standard
instruction protocol supplied by (BD Pharmingen,
USA). Briefly, polystyrene plates (Nunc, USA) were
coated with monoclonal anti-cytokine antibody and

incubated overnight at 40 C. The plates were washed
thereafter with wash buffer (PBS + 0.05 % Tween 20)
three times. The reaction was blocked further by treat-
ing with PBS + 10 % FBS for 1 h. Thereafter, for
developing standard graph, serially diluted recombi-
nant mouse cytokine standards were added. To quan-
tify treatment-induced changes in the level of
cytokines, the cell supernatants from different experi-
mental groups were added. All the plates were incu-
bated for 2 h at room temperature. The plates were
again washed with wash buffer three times and incu-
bated for 1 h at 250 C with biotinylated detection anti-
body. After washing with wash buffer, 3% H2O2 with
o-phenylene diamine (Sigma, USA) chromogem in 0.1
M citrate buffer was added and plates were incubated
for 10-30 minutes at room temperature. The reaction
was stopped by adding 2 N H2SO4 and the absorbance
was measured at 492 nm. Cytokine concentration was
calculated against recombinant cytokine standard
curve using KC4 software (BIO-TEK, Canada).

Analysis of data 

The results have been expressed as mean  S.D. of three
repeats. Data were subjected to student-t test and sig-
nificance was assessed at p < 0.05 confidence level. 

RESULTS

Effect on whole body survival 

Doses of LPS from 50 μg/kg. b.w. onwards adminis-
tered to Balb/c mice rendered increasing mortality.
LPS dose (450 μg/kg, b.w.) to mice induced 100% mor-
tality as compared to control group (Fig. 2). 

Figure 2: Effect of different doses of LPS on induction of
septic shock in female Balb/c mice (n=5). The whole
body survival (percentage) was observed 96 h after LPS
shock to Balb/c mice (n=5).
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RP-1 (200 mg/kg b.w., i.p.) administered 1 h before
LPS (0.5 mg/kg b.w.) challenge rendered maximum
survival (78%) (Fig 3). 

Figure 3: Effect of different doses of RP-1 (mg/kg b.w.)
administered one hour before lethal dose of endotoxin,
LPS (0.5 mg/kg b.w., i.p.). Whole body survival
(percentage) was observed 96 h after LPS shock to Balb/
c mice (n=5).

The other doses of RP-1 were, however, less effective
(Fig. 3). RP-1 treatment (200 mg/kg b.w., i.p.) adminis-
tered one hour before LPS challenge rendered maxi-
mum survival (Fig. 4). 

Figure 4: Protection of mice from endotoxin shock by RP-
1 (200 mg/kg, b.w., i.p.) given at different time intervals
either before (-) or after (+) LPS (0.5 mg/kg b.w.)
challenge. Whole body survival (percentage) was
observed at 96 h after treatment. 

RP-1 treatment given half an hour after LPS challenge
was also appreciably effective. However, other inter-
vals between RP-1 treatment and LPS challenge
remained little effective.

Effect on IFN-γ 

LPS challenge to peritoneal macrophage cultures
enhanced IFN-γ titre (Fig. 5) significantly (1376+68
pg/ml; p<0.05) as compared to untreated control
(298+81 pg/ml; p<0.05). Treatment of peritoneal
macrophage with RP-1 (1 g/ml) alone reduced IFN- γ
levels significantly (69+4 pg/ml; p<0.05) as compared

to both untreated and LPS challenged groups. How-
ever, RP-1 treatment one hour before LPS challenge
inhibited IFN-γ generation significantly (p< 0.05) as
compared to LPS challenged group. The inter se differ-
ences in IFN-γ level in macrophage cultures adminis-
tered different doses of RP-1 remained insignificant. 

Figure 5: Effect of different doses of RP-1 (μg/ml;
mentioned in parenthesis) administered one hour before
LPS (5 μg/ml) treatment to peritoneal macrophages (ex
vivo culture from female Balb/c mice). The supernatant
was investigated for IFN-γ secretion 48 h after treatment.
Each bar represented mean+S.D of three repeats. 

Effect on TNF-α generation

LPS treatment to peritoneal macrophage enhanced
TNF-α generation (Fig. 6) significantly (754+66 pg/
ml; p<0.05) as compared to control (31+6 pg/ml;
p<0.05) RP-1 treatment alone did not influence TNF-
α production as compared to the control. However,
RP-1 treatment inhibited the TNF- α production (383
+34 pg/ml; p<0.05) in LPS challenged groups signifi-
cantly (p< 0.05) as compared to LPS challenged con-
trol group.

Figure 6: Effect of different doses of RP-1 (μg/ml;
mentioned in parenthesis) administered one hour before
LPS (5 μg/ml) treatment to peritoneal macrophages (ex
vivo culture from female Balb/c mice). The supernatant
was investigated for TNF-α secretion 48 h after
treatment. Each bar represented mean+S.D of three
repeats. 
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Effect on IL-6

LPS treatment also enhanced IL-6 generation in perito-
neal macrophages significantly (619+10 pg/ml; p<
0.05) as compared to untreated control (159+5 pg/ml;
p< 0.05). Treatment of peritoneal macrophage with
various doses of RP-1 alone decreased IL-6 production
significantly (p< 0.05) as compared to both untreated
and LPS challenged control groups. 

However administration of various doses of RP-1 one
hour before LPS challenge inhibited IL-6 secretion sig-
nificantly (p< 0.05) as compared to LPS challenged
control group, though inter se difference in IL-6 levels
between the groups given different doses of RP-1
remained insignificant. (Fig. 7).

Figure 7: Effect of different doses of RP-1 (μg/ml;
mentioned in parenthesis) administered one hour before
LPS (5 μg/ml) treatment to peritoneal macrophages (ex
vivo culture from female Balb/c mice). The supernatant
was investigated for IL-6 secretion 48 h after treatment.
Each bar represented mean + S.D of three repeats. 

Effect on nitrite production

Ex vivo studies revealed that, LPS treatment enhanced
the level of nitrites in peritoneal macrophage cell cul-
ture supernatant significantly (p< 0.05) as compared to
untreated control (Fig. 8). 

RP-1 treatment to peritoneal macrophage alone
reduced nitrite level significantly (p< 0.05) as com-
pared to untreated control group, yet the inhibition of
nitrite among groups treated with different doses of
RP-1 remained insignificant. However, increasing
doses of RP-1 administered one hour before LPS chal-
lenge reduced nitrite levels significantly (p< 0.05) in a
dose dependent manner. 

Figure 8: Effect of different doses of RP-1 (μg/ml;
mentioned in parenthesis) administered one hour before
LPS (5 μg/ml) treatment to peritoneal macrophages (ex
vivo culture from female Balb/c mice). The supernatant
was investigated for NO secretion at 48 h after treatment.
Each bar represented mean + S.D of three repeats. 

DISCUSSION 

For anti–inflammatory studies, standard endotoxin
shock model was generated in Balb/c mice by non-
infectious molecule LPS. This method eliminates the
risk of handling contagious microbial cultures that are
required for such studies and is one of the standard
experimental models adopted widely (9). Whole body
survival was recorded as the initial parameter. A dose
of 450 μg/kg b.w of LPS administered to mice ren-
dered 100% mortality (Fig. 2). However, to ensure
100% mortality, a supra-lethal dose of 500 μg/kg, b.w.
of LPS was adopted as a challenge dose for whole body
survival experiments. LPS has been reported to acti-
vate macrophages and induce subsequent release of
massive amount of pro-inflammatory cytokines and
nitric oxide free radicals during the generation of
endotoxin shock. These pro-inflammatory molecules
are known to manifest oxidative stress (10), vascular
anomalies like intravascular coagulation, vascular per-
fusion and hypotension (15) and ultimately the mortal-
ity. RP-1 treatment before LPS challenge rendered 78%
survival as against 100% mortality in LPS control
group (Fig. 3). RP-1 has been reported to have antioxi-
dant property (16), which may be attributed to pres-
ence of several molecules in the extract like quercetin
and flavanoides, the known inhibitors of oxidative
stress (17) and inflammatory response (18). Protective
action of RP-1 against LPS induced septic shock could
be attributed to the presence of such molecules in RP-
1. The optimum time required to nullify the endotoxic
effect of LPS was one hour (Fig. 4). It may be explained
based on pharmaco-dynamics of the bioactive mole-
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cules, which could have concentrated at the inter- and
intra-cellular target sights maximally within one hour.
Shorter intervals could achieve the concentration sub-
optimally while the higher time intervals permitted the
metabolisation of the bioactive molecules and thus
might have resulted in sub-optimal concentration.
Such time related bio distribution and concentration of
active molecules is a well-known biological phenome-
non (19).  

LPS treatment has been shown to enhance IFN-γ secre-
tion (Fig. 5) which is a strong activator of macrophages
and subsequent inducer of TNF-α, IL-6 and NO dur-
ing various phases of inflammation (20). RP-1 treat-
ment alone inhibited secretion of IFN-γ in peritoneal
macrophages. Such activity has been reported for
many other herbal extracts also (21). LPS challenge to
peritoneal macrophages that had already received RP-1
treatment, did not demonstrate any increase in IFN-γ
secretion (Fig. 5). This could be achieved if molecules
present in RP-1 interacted with LPS directly thereby
rendering them ineffective in inducing signal transduc-
tion pathways responsible for IFN-γ production. It is
also possible that the bioactive molecules in RP-1 could
directly down-regulate the signal transduction path-
ways leading to IFN-γ production. This aspect how-
ever needs further investigation. The effect of RP-1 on
stimulation of IFN - γ secretion was not dose depen-
dent though with respect to other parameters like
whole body survival, dose dependence was explicitly
evident. This indicates that anti-inflammatory mole-
cules responsible for nullifying IFN-γ production even
at lowest concentration of RP-1 studied here were in
more than the required quantity. It implies that the
IFN-γ mediated inflammatory response may not be
solely responsible for LPS induced mortality, which is
counteracted by RP-1 in a dose dependent manner.    

RP-1 treatment to macrophage also inhibited TNF- α
(Fig. 5) and IL-6 (Fig. 6) secretions. These cytokines are
well known for activation of phagocytes (1) and their
inflammatory response related functions (22). The
inhibition of these cytokines due to RP-1 treatment
could lead to anti inflammtory action. The dose depen-
dent effect of RP-1 on the generation of these cytok-
ines has not been revealed during this study. Different
doses of RP-1 alone used here did not induce TNF-α,
IFN-γ and IL-6 as compared to control. This indicated
that the doses studied here were not inflammatory by

themselves and therefore the use of this agent as anti-
inflammatory agent is promising.

Enhanced nitrite levels suggested induction of nitric
oxide (NO) generation in supernatant of peritoneal
macrophage by LPS treatment, which in turn indicated
enhanced oxidative burst activity (Fig. 8). These find-
ings corroborate the already reported literature (10)
RP-1 pre-treatment to macrophages in cultures
decreased nitrite level even on challenge by LPS. This
indicates the antioxidant potential of RP-1. This could
be due to inhibition of either inducible nitric oxide
synthase (NOs) activity or inhibition of transcrip-
tional activation of iNOs mRNA   by the presence of
flavanoides and iso-flavonoides molecules present in
RP-1. Flavonoids and iso-flavonoides from several
plant extracts have been reported to exhibit such activ-
ity (23-26). Fe (+3) has been reported to act as a co-fac-
tor for transcription of iNOs gene (27), which is
responsible for nitric oxide production. RP-1 treat-
ment has been demonstrated to chelate iron (28) and
thus could affect inhibition of nitric oxide generation.
RP-1 treatment also enhanced level of cellular antioxi-
dant molecules like GST and SOD (16). These antioxi-
dant molecules seem to play an important role in
preserving various functions of leukocytes by protect-
ing them from oxidative stress. RP-1 treatment
induced decrease in pro-inflammatory cytokines in
LPS treated group could also be responsible for inhibi-
tion of nitrite in the cell supernatant (20). This study
reports for the first time the anti-inflammatory poten-
tial of RP-1, which may be exploited to ameliorate LPS
induced toxicity.
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