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Purpose: Triphala (TA) is an Ayurvedic formulation used to treat various disorders. The
present study was designed to investigate the anti-inflammatory effect of TA aqueous extract
on experimental uveitis in the rabbit. Methods: Anterior uveitis was induced in rabbits by
intravitreal injection of lipopolysaccharide from Eschericha coli after pretreatment with TA
aqueous extract. Subsequently the anti-inflammatory activity of TA was evaluated by grading
the clinical signs and estimating the inflammatory cell count, protein, and TNF-a level in the
aqueous humour. Results: The anterior segment inflammation in the control group was
significantly higher than in TA and prednisolone treated groups, as observed by clinical
grading. The inflammatory cell count in the control group was 31.23 + 0.80 x 105cells/ml,
whereas it was 3.29 * 0.47 x 105cells/ml (P < 0.0001 vs. control) and 1.31 £ 0.31 x 105 (P <
0.0001 vs. control) cells/ml in the TA and prednisolone treated groups, respectively. The
protein content of the aqueous humour was 15.43 + 0.54, 3.13 + 0.35 (P < 0.0001 vs. control),
and 1.96 + 0.39 (P < 0.0001 vs. control) mg/ml in the control, TA and prednisolone treated
groups respectively. The aqueous TNF- a level in the control group was 942.20 + 6.46 pg/ml
and was 261.30+13.60 (P <0.001 vs. control) and 104.00 + 4.50 (P <0.0001 vs. control) pg/ml
in the TA and prednisolone treated groups, respectively. Conclusions: Topical administration
ofaqueous extract of TA prevented uveitis in endotoxin-induced experimental rabbits.
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1. Introduction

Uveitis is swelling and irritation of the uvea, the middle layer of
the eye. It is a major cause of eye infection in many countries
including United States of America [1]. Some of the herbal drug
extracts and synthetic drugs have been explored for their
preventive effect of uveitis in endotoxin induced experimental
models [2-4]. The endotoxin induced animal model of uveitis has
been used to represent anterior uveitis on humans.
Lipopolysaccharide (LPS), a glycolipid from the outer cell
membranes of Gram-negative bacteria is a proinflamatory
componentand is used to induce uveitis in animals by a systemic or
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ocular route.5,6 Experimental studies showed that exposure to
LPS induce expression of various mediators of inflammation such
as tumour necrosis factor (TNF) - a and other cytokines.7,8
Increased expression of inflammatory mediators contributes to
the development of anterior uveitis, with the breakdown of the
blood-ocular barrier leading to infiltration of the aqueous humour
with inflammatory cells and the leakage of protein [5].
Experimental uveitis peaks at 24 hours after LPS injection and
gradually subsides over the next 24 hours.
Triphala is an Ayurvedic formulation consisting of equal parts of
the fruit of Emblica officinalis, Terminalia bellirica, and Terminalia
chebula [9,10]. The major chemical constituents in Triphala are
gallic acid, chebulagic acid, chebulinic acid, Vitamin C and
quercetin. Gallic acid showed potent anti- inflammatory activity in
experimental studies [11, 12]. Chebulagic acid and quercetin
showed potential anti inflammatory effect in lipopolysaccharide
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induced mouse macrophage cell line by inhibition of NF-kappaB
activation [13,14]. Triphala formulation (1gm/kg) was also found
to have a significant anti inflammatory effects in albino mice with
Freund's adjuvant-induced paw oedema [15]. Triphala found to
inhibit on PMN-type matrix metalloproteinase expressed in adult
periodontitis (inflammatory diseases affecting the periodontium)
patients; Triphala showed strong inhibitory activity than
doxcycycline [16]. It inhibits the growth of Gram positive and
Gram negative bacteria [17]. In view of the potent anti-
inflammatory and antibacterial activity of Triphala, the present
study was designed to evaluate the effect on prevention of uveitis
by topical application of its aqueous extract in endotoxin-induced
uveitis rabbits.

2.Materials and Methods
2.1.Animals

New Zealand White rabbits weighing 2.5 to 3 kg were obtained
from the animal house facility at Delhi Institute of Pharmaceutical
Sciences and Research after getting the approval from
Institutional Animal Ethics Committee. The animal experiments
were conducted according to the guidelines specified by the
committee.

2.2. Chemicals

Lipopolysaccharide (LPS) from Eschericha coli was purchased
from Sigma-Aldrich, St. Louis, MO. The enzyme-linked
immunosorbent assay (ELISA) kit was purchased from Diaclone
(Besancon, France).

2.3.Triphala extract

The aqueous extract of Triphala was provided by Promed
Exports Pvt Ltd. (New Delhi, India) and was authenticated by High
Performance Thin Layer Chromatography (HPTLC)
fingerprinting. The powdered extract was dissolved in 0.25%
hydroxy propyl methylcellulose and filtered with 0.25 um filters
(Millipore, Billerica, MA). The filtrate was stored at -4°C in sterile
sealed vials until further use.

2.4.Study Design

The experimental model of uveitis was carried out as per the
method described by Guptaetal [3]. The rabbits were divided into
three groups of four rabbits each (eight eyes). The rabbits in
groups 1 and 2 were topically instilled with 0.5% and 1% Triphala
aqueous extract and Prednisolone acetate respectively, while
group 3 (control) received the vehicle. All instillations were
performed three times a day for 3 days before induction of
experimental uveitis and continued for 3 days after induction.
Twenty four hours after the induction of experimental uveitis,
aqueous humour sampling was performed for cell count, protein,
and Tumour Necrosis Factor (TNF)-a estimation. The rabbits
were re examined 72 hours after the endotoxin injection for
clinical signs of uveitis.

2.5.Rabbit Model of Experimental Uveitis

The endotoxin namely LPS from Eschericha coli was used to
induce uveitis. The endotoxin was injected intravitreally in both
eyes. Topical anaesthesia was done by instilling one drop of
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proparacaine HCI (0.5%) solution. After the upper lid was
retracted, 20 pL (100 ng) of the endotoxin solution was injected
intravitreally at the 12 o' clock position, 3 to 4 mm posterior to the
limbus with a 30- gauge needle. Subsequently the eyes were
examined for clinical grading, and aqueous humour was tapped
forinflammatory cell count, protein and TNF- a estimation.

2.6.Clinical Grading of Ocular Inflammation

The clinical signs of ocular inflammation were graded on a scale
of 0 to 4 according to the scoring system described by Ruiz-
Moreno et al [18]. The grading scale as follows: no inflammatory
reaction, 0; discrete inflammatory reaction, 1; moderate dilation
of the iris and conjunctival vessels, 2; intense iridial hyperaemia,
with flarein the anterior chamber, 3; and the same signs as grade 3
plus the presence of fibrinoid exudation in the papillary area, with
intense flare in the anterior chamber,4.

The grading of clinical signs of uveitis was performed at 24 and
72hours after intravitreal injection of endotoxin.

2.7.Aqueous Humour Sampling

The rabbits were anesthetized with ketamine (20-40 mg/kg)
and xylazine (1-2 mg/kg) by intramuscular injection in the hind
limb. Proparacaine HCI (0.5%) solution was applied topically to
supplement the general anaesthesia. During preliminary studies
attempts at aqueous humour (AH) sampling by topical anesthesia
was found to be painful and therefore further AH sampling was
performed under general anaesthesia. AH (150-200 pL) was
aspirated from the anterior chamber with a 30- gauge disposable
insulin syringe, and care was taken not to injure the iris or lens
during the procedure. Each aqueous humour sample was diluted
50-fold with phosphate buffer.

2.8.Total Cell Count

The AH sample was suspended in an equal volume of Turk's
stain solution and cell counting was performed on a
hemocytometer under light microscope. The cell count per field
(each field considered equal to 0.1 mL) was estimated as an
average of counts in four fields per sample. Subsequently, the
number of cells per millilitre of AH was calculated.

2.9.Total Protein Estimation

Protein estimation in AH samples was performed according to
the method described by Lowry et al [19]. Briefly, 10 pL of AH
sample was diluted with 990 pL of 1 N NaOH and reacted with 4 mL
of copper reagent. After 10 minutes, 0.5 mL of Folin's reagent was
added and vortexed, and the samples were kept in the dark for 30
minutes. Absorbance was recorded with a spectrophotometer at
620 nm. Bovine serum albumin (BSA) was taken as a protein
standard to calculate the protein content of the sample. All
estimations were performed in duplicate.

The cell count and protein estimation were performed on the
day of AH sampling.

3.0.TNF-a Estimation

TNF-a level in AH were estimated by using a commercially
available enzyme linked immunosorbent assay (ELISA) kit, per the
manufacturer's instructions. All estimations were performed in
duplicate.
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4. Results
4.1.Clinical Signs of Uveitis

The rabbits in the control group showed significantly higher
degree of ocular inflammation as compared to Prednisolone and
Triphala treated groups (Fig.1). After 24 hours of intravitreal
injection of endotoxin, the vehicle treated control group had a
mean score of 2.80 + 0.20 (range, 2-4), whereas the Triphala and
Prednisolone treated groups showed a mean score of 1.00 + 0.46
(range, 0-2) and 0.43 + 0.41 (range, 0-1), respectively, at the same
timepoint (P <0.05;Fig.2).

4.2.Total Cell Count

Triphala and Prednisolone treated groups showed a 92.82 %
and 96.34 % inhibition of inflammatory cell infiltration,
respectively as compared to control group. In the control group,
the total inflammatory cell count in the aqueous humour 24 hours
after intravitreal injection of endotoxin was 31.23 * 0.80 x
105cells/ml (mean + SD, n = 8). The rabbits pretreated with
Triphala and Prednisolone showed significantly lower
inflammatory cell counts (3.29 £ 0.47 x 105cells/ml, P <0.0001 vs.
control; and 1.31 + 0.31x 105cells/ml, P < 0.0001 vs. control) in
the aqueous humour obtained at the same time point. In addition,
an inflammatory cell infiltration was observed in the Triphala
treated group was closely related to Prednisolone treated group (P
<0.0001; Fig3)

4.3.Total Protein

Total proteins as estimated 24 hours after intravitreal
injection of endotoxin showed significantly lower values in the
Triphala treated group as compared to control. In the Triphala
treated group the protein concentration was 3.13 * 0.35 mg/ml
compared with 15.43 + 0.54 and 1.96 * 0.39 mg/ml in the control
and prednisolone treated groups, respectively. The protein
concentration in the Triphala treated group was significantly
lower than in the control group (P < 0.0001) and slightly higher
than as compared to Prednisolone treated group (P < 0.0001;
Fig.4).

4.4.Tumour Necrosis Factor-a

The aqueous humour TNF-a in the control group was 942.20
+6.46 pg/ml, whereas itwas 261.30 = 13.60 pg/ml (P <0.0001 vs.
control) and 104.00 + 4.50 (P < 0.0001 vs. control) pg/ml in the
Triphala and prednisolone -treated groups, respectively. The
TNF- « level in the Prednisolone treated group was significantly
lower than in the Triphala treated group (P <0.0001; Fig.5).

5. Discussion

The results of the present investigation demonstrated the
protective effect of the topical application of Triphala in
endotoxin-induced uveitis. The animals in the treated groups
showed not only significant reduction in the severity of clinical
signs and also significant reduction in aqueous humour levels of
inflammatory cells, protein contents, and TNF-a compared with
the control group.

The endotoxin- induced experimental model of uveitisitis not
an exact representation of clinical uveitis, but the inflammatory
response and cytokine production in response to endotoxin

closely resembles the acute phase of clinical uveitis [20]. The
endotoxin-induced inflammation can be observed during
antibiotic therapy for ocular infections. The antibiotics, while
destroying the bacteria, also release the LPS from their cell walls,
thereby leading to inflammatory response. The drugs found
effective in endotoxin-induced uveitis may be effective in the
treatment of ocular and systemic Gram-negative bacterial
infections.

The biological activity of the endotoxin initiates the
inflammatory vascular and cellular responses when it is injected
through intravitrealy. Increased production and release of
monocytes, macrophages and other inflammatory cells is
associated with the release of potent inflammatory mediators in
the aqueous humour. Among those TNF-a is the major one, which
appears to be essential in the development of endotoxin-induced
inflammation [20, 21]. Inour earlier study demonstrated the anti-
inflammatory effects of Curcuma longa and Berberis aristata in
endotoxin-induced uveitis in rabbits, where the TNF-a level was
significantly high in control group as compared to treated [3].
Besides the chemical mediators of inflammation, cell adhesion
molecules play a vital role in leukocyte adherence to vascular
endothelial cells during the early acute phase of inflammation and
contribute to the leakage of protein.

Triphala and its chemical constituents have been
demonstrated a significant anti-inflammatory effect in other
studies [12-15]. The therapeutic response to topical application of
aqueous extract of Triphala has demonstrated for the first time the
possible utility as a topical application for the treatment of
anterior uveitis. The reduced severity of inflammatory changes
observed in clinical manifestations in the inflamed eye was the
result of significant inhibition of vascular and cellular
inflammatory responses. The release of chemical mediators of
inflammation is also suppressed secondary to inhibition of the
cellular response. The suppression of vascular and cellular
inflammatory responses by herbal extracts was evidenced by
significantly low levels of inflammatory cells, proteins, and TNF
alpha levels in aqueous humour of treated animals. Significantly
reduced protein levels in aqueous humour also indicate a possible
inhibitory role of extract constituents on leukocyte adherence to
the vascular endothelium. Direct binding to LPS of some of the
extract constituents may be another mechanism of suppression of
endotoxin-triggered uvetits. In earlier study, Chebulagic acid
exerts anti-inflammatory effects in LPS-stimulated RAW 264.7
macrophages by inhibition of NF-kB activation and MAP kinase
phosphorylation [13]. Inhibition of cyclooxygenase (COX)-2 may
also contribute to the anti inflammatory effect in anterior uveitis,
as studies have shown potent COX-2 inhibitory activity of
Chebulagic acid [22]. In the present investigation, topical
administration of aqueous extract of Triphala showed potential
anti inflammatory activity against endotoxin-induced uveitis in
rabbits as comparable to Prednisolone. Further studies of the
isolated active principle namely Chebulagic acid are warranted, to
explore the full mechanisms of anti-inflammatory activity in
endotoxin-induced uveitis.
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