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Abstract

Aim: The present study was aimed to evaluate the novel bicyclo thieno 1, 2, 3-triazines (BTT) namely
BTT-1, BTT-2, BTT-3 and BTT-4 for analgesic anti-inflammatory and antiarthritic activity.

Materials and Methods: Analgesic and anti-inflammatory activity was evaluated using hot plate test,
formalin induced paw licking test and formalin induced paw edema test respectively, complete fruend’s
adjuvant (CFA) induced arthritis model was used for antiarthrtic activity.

Results: All the test drugs (BTT-1, BTT-2, BTT-3, BTT-4) have showed significant analgesic activity by
increasing the reaction latency time in hot plate test(p<0.01, p<0.001, p<0.001, p<0.001) and decreas-
ing the number of lickings in formalin test (p<0.01, p<0.05, p<0.01, p<0.01), BTT-3 was found to be
effective in both early and late phase (p<0.001), while all other test drugs were found to be effective only
in late phase of nociception. In anti-inflammatory studies, the BTT-3 (25 and 50mg/kg, i.p.) had
significantly (p<0.01, p<0.001) reduced the formalin induced paw edema. In CFA induced arthritis
model, the BTT-3 has showed activity from the 4th day of the treatment, while all the other test drugs(high
dose) have showed significant inhibition of CFA induced paw edema from the 7th day of the treatment
by decreasing the elevated levels of WBC (p<0.001, p<0.001, p<0.001, p<0.01), % Hb (p<0.05, p<0.01,
p<0.01, p<0.05), ESR(p<0.01, p<0.01, p<0.001, p<0.01), along with decreasing the serum levels of C-
reactive protein (CRP) (p<0.05, p<0.01, p<0.001, p<0.05) and Rheumatoid factor (p<0.05, p<0.01,
p<0.001, p<0.05).

Conclusion: In conclusion all test drugs were found to possess very good analgesic, anti-inflammatory
and antiarthritic activity and BTT-3 was found to be more potent compare to other compounds.

Introduction
Triazines are the 6 membered ring compounds

containing 3 nitrogen atoms. Theoretically three differ-
ent triazines are possible 1, 3, 5 triazines, 1, 2, 4-
triazines and 1, 2, 3-triazines. 1, 2, 3- triazines are the
novel class of heterocycles. Recently discovered tri-
azine derivatives are more efficacious drugs with less
side effects, reported to possess the various biological
activities like purine antagonism [1], xanthine oxidase
inhibition [2], antiallergic [3], anticancer and trypanocidal

activity [4], antineoplastic activity [5], 5HT3 receptor
antagonists with gastric motility enhancement activ-
ity[6], antianaphylactics [7], antiplatelet activity [8, 9],
antiviral/antitumour activity [10], inotropics and antiplatelet
aggregation activity [11], fungicidal activity [12], throm-
botic and elastase inhibition activity [13], analgesic and
anti-inflammatory activity [14], nitric oxide and eicosanoid
biosynthesis inhibition activity [15]. To verify our hypoth-
esis, the present work was intended to carryout analge-
sic, anti-inflammatory and antiarthritic activity of the
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structurally established novel bicyclo thieno 1, 2, 3-
triazines.

Materials and Methods

Test Compounds

General method for the synthesis of thienotriazines

A mixture of the required 2-amino-3-N-(substi-
tuted carboxamido)-4, 5-substituted thiophenes (0.01
M) in 30 ml of glacial acetic acid were warmed until the
starting material was dissolved. The mixture was cooled
to room temperature, 20 ml of concentrated HCl was
added and the reaction was cooled to a temperature
below 50C. To the cold mixture an ice cold solution of
NaNO

2 
(0.03 M) in water (25 ml) was added drop wise

with constant stirring. Temperature was maintained be-
low 50C throughout the addition. The product separated
as bright yellow solid, which was filtered, dried and
washed with methanol to obtain pure triazines. General
experimental scheme for the synthesis of thienotriazines
is given in Figure1.

Drugs and chemicals

CRP turbilatex kit (Spinreact, Spain), RF turbilatex
kit (Spinreact, Spain), all drugs, chemicals and solvents
were purchased from local firms (India) and they were of
highest purity and analytical grade. The test Compounds
BTT-1, BTT-2, BTT-3, and BTT-4 were synthesized at
Department of Pharmaceutical Chemistry, P.E.S Col-
lege of Pharmacy, Bangalore, as a part of academic
collaboration, Prof. Dr. J. Saravanan had generously
supplied these drugs for Pharmacological evaluation.

Experimental animals

Swiss albino mice of 18-25 g and wistar rats of
180-200 g weight were procured from Bioneeds limited,
Nelamangala, Tumkur for experimental purpose. They
were housed in separate room in animal facility of PES
College of Pharmacy. Mice were maintained in
polypropylene cages, while Guinea pigs were main-
tained in stainless steel cages at a temperature of 250 ±
10C and relative humidity of 45 to 55%  in clean environ-
ment under 12 h light - dark cycle. The animals had free
access to food pellets (Pranav Agro Industry, Bangalore,
India) and purified water ad libitum. All the experimental
protocols were approved by Institutional Animal Ethics
Committee (IAEC) of PES College of Pharmacy (No.
PESCP/IAEC/04/2005-06) and were conducted accord-
ing to the guidelines of CPCSEA, India.

Experimental protocol

Acute toxicity study

The acute intraperitoneal toxicity for the test com-
pounds was determined in female, nulliparous and non
pregnant swiss albino mice weighing 18-22 g. After
administration of different doses of test compounds, the
mortality with each dose was noted at 48 hours (acute)
and 14 days (chronic) as per OECD guideline no. 425.
LD

50
 was calculated using AOT425 stat program [16].

Determination of Analgesic activity

Hot plate method (INCO, Ambala, India)

Swiss albino mice of either sex weighing 18 to 25
g were used for the study. The temperature of the hot
plate was controlled between 550  to 560C. The animals
were placed into the perspex cylinder on the heated
surface and the time (sec) taken to show the discomfort
reaction (licking paws or jumping) was recorded as
response latency, prior to and 30, 60,120, and 150 min
following intraperitoneal administration of the vehicle,
standard and test drug. A latency period of 15 sec was

Figure 1: General experimental scheme for the synthesis of
thienotriazines.

In case of bicyclothieno triazines, the R and R1
groups are replaced by methyl groups (-CH

3
) and the X

group varies from one compound to other compound.
The structures of synthesized thieno triazine derivatives
namely BTT-1, BTT-2, BTT-3 and BTT-4 are given in
Figure 2.

Figure 2: Structures of Synthesized thienotriazine derivatives.
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defined as complete analgesia and if it exceeded the
latency period the measurement was terminated in
order to avoid the injury [17].

Formalin induced paw licking test in mice

This test was performed according to Dubuisson
and Dennis (1977), to evaluate the analgesic activity of
test drugs. In brief, swiss albino mice of either sex
weighing 18-25 g were used for the study, they were
divided into ten groups (n = 6). The animals were
injected intraperitoneally with vehicle or Diclofenac so-
dium (10 mg/kg, i.p.) or test drugs. 30 minutes after the
drug administration, 20 μl of 1% formalin was injected
subcutaneously under the dorsal surface of hind paw.
Followed by administration of formalin, all the animals
were individually observed in the glass chambers; the
number of licks in the injected paw was counted and
which was considered as pain stimuli. In general, 0 to 10
minute is considered as first phase and 20-30 minutes is
considered as second phase of nociceptive response
after formalin injection, the first phase represents neuro-
genic response and the second phase represents in-
flammatory response [18].

Determination of Anti-inflammatory Activity

Formalin induced paw edema

Wistar rats of 180-200 g weight were used for the
study. Vehicle, diclofenac sodium and test drugs were
injected intraperitoneally to the animal of respective
groups. Thirty minutes after the treatment, all the ani-
mals were challenged by injection of 50 μl of 2.5%
formalin into the plantar region of the left hind paw. The
paw is marked with ink at the level of the lateral malleolus
and immersed in mercury up to this mark. The paw
volume is measured plethysmographically immediately
after injection, 1, 2, 3, 4 and 24 h after the challenge.
From the data obtained, mean paw edema and mean
percentage reduction in oedema was calculated [19-
20].

Percentage reduction in edema was calculated
by using the formula,

% Inhibition of paw edema = [(Control – Test) / Control] X 100

Antiarthritic activity

Complete Freund’s adjuvant induced arthri-
tis in rats

Wistar rats of either sex were randomly divided
into ten groups of six animals each (n = 6), arthritis was

induced by injecting 50 μl (0.5% w/v) of CFA into the left
hind paw; 0.5% w/v of CFA was prepared by triturating
5 mg of dead spores of Mycobacterium tuberculai in 10
ml of liquid paraffin. Drug treatment was started from the
day of CFA injection (0 day), i.e. 30 min before CFA
injection and continued till 21st day. Paw thickness was
measured on 1st, 2nd, 4th, 7th, 14th, 21st days by using
verneir callipers [21-23]. The mean changes in injected
paw edema with respect to initial paw volume, were
calculated on respective days and the percentage inhi-
bition of paw edema with respect to untreated group was
calculated on respective days using the formula:

% Inhibition of paw edema = [(Control – Test) / Control] X 100

On 21st day after the measuring the paw thick-
ness, body weights were recorded, all the animals were
anaesthetized and blood samples were collected by
retro-orbital puncture for the estimation of various
hematological parameters namely RBC count, total WBC
count, % Hb, ESR and other serum parameters such as
CRP and RF. finally all the animals were sacrificed,
thymus and spleen were collected and weighed to see
the effect of test drugs on body weight to organ weight
ratio.

Statistical analysis

The results were subjected to statistical analysis
by using one- way ANOVA followed by Tukey- Kramer
test to calculate the significance difference, if any among
the groups. P<0.05 was considered as significant.

Results

Acute Toxicity

Toxicity studies were carried out according to
OECD guideline no. 425. At 550 mg/kg, i.p. there no
mortality observed and at 2000 mg/kg, i.p. 100 percent-
age mortality was observed, using this data LD

50
 was

calculated by using AOT 425 Stat Programme, the LD
50

was found to be 1098 mg/kg for all the four test com-
pounds.

Analgesic activity

Hot plate method

Pretreatment with BTT series of compounds and
pentazocin (4 mg/kg, i.p.) increased the response la-
tency at various time points in the hot plate test. Except
BTT-3, none of the test drugs shown significantly in-
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crease in response latency, while at higher dose levels
all the test drugs have shown significantly increase in
response latency time and the BTT-3 was found to be
more potent compare to all other test drugs (Table1).

showed significant inhibition (p < 0.001) of adjuvant
induced increase in paw thickness. The inhibition of-
fered by the tests drugs was found to be significant from
2nd day onwards (p < 0.05) at 50 mg/kg, i.p., whereas at
25 mg/kg, i.p. the inhibition was significant from 14th day

Table 1: Effect of bicyclo thieno 1, 2, 3-triazines on hot plate test.

Values are expressed as mean ± SEM; n=6 *p<0.05, **p<0.01, ***p<0.001 compared with
vehicle treated group using one way ANOVA followed by Tukey- Kramer test.

Formalin induced paw-licking test in mice

In this test, all the test drugs have shown signifi-
cant inhibition of formalin induced of licking in both early
and late phase at 50 mg/kg, i.p.dose, while the BTT-3
has shown siginificant inhibition in both 25 and 50 mg/kg
doses, the inhibition offered by the BTT-3 (50 mg/kg, i.p.)
was more than that of standard drug diclofenac sodium
(5 mg/kg, i.p.) (Table 2).

Table 2: Effect of bicyclo thieno 1, 2, 3-triazines on formalin
induced paw licking test.

Values are expressed as mean ± SEM; n=6 ***p<0.001 compared with vehicle treated group
using one way ANOVA followed by Tukey- Kramer test.

Anti-inflammatory Activity

Formalin induced paw edema test in rats

All the test drugs have offered siginificant  inhibi-
tion of formalin induced paw edema at only high dose (50
mg/kg, i.p.), while the BTT-3 has shown significant
inhibition at both the dose levels (25 and 50 mg/kg, i.p.)
(Table 3).

Antiarthritic activity

Freund’s adjuvant induced arthritis

In this model all the BTT (25 and 50 mg/kg, i.p.)
series of compounds on chronic treatment for 21 days

Table 3: Effect of bicyclo thieno 1, 2, 3-triazines on Formalin
induced paw oedema in rats.

PV: Paw volume, % RPV: percentage reduction of paw edema volume, Values are expressed
as mean ± SEM; n=6, cp<0.05, b p<0.01  ap<0.001 compared with vehicle treated group using
one way ANOVA followed by Tukey- Kramer test.

Table  4: Effect of BTT series of compound on Freund’s adjuvant
induced arthritis paw thickness (in mm).

Values are expressed as Mean±SEM for 6 animals, *p<0.05, **p<0.01, ***p<0.001 compared
with vehicle treated group using one way ANOVA followed by Tukey- Kramer test.

onwards; exceptionally BTT-3 has showed significant
activity in both the doses (25 and 50 mg/kg, i.p.) from the
2nd day and the inhibition showed by the BTT-3 (200 mg/
kg, i.p.) was found to be more than that of reference drug
diclofenac sodium (Table 4 and 5).

Table 5: Percentage inhibition of Freund’s adjuvant induced
arthritis by BTT series of compounds.

Values are expressed as Mean for 6 animals, *p<0.05, **P<0.01, ***p<0.001 compared with
vehicle treated group using one way ANOVA followed by Tukey- Kramer test.

Further more, upon treatment with BTT series of
compounds, the body weight and body weight to organ
weight ratiowas maintained consistently and it was found
to be significant (p<0.001) when compare to control,
where there is slight increase in body weight and signifi-
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cantly high increase in organ weights (Thymus and
spleen) were observed and hence the organ weight
(Thymus and spleen) to body weight ratio was signifi-
cantly more than the normal values (Table 6).

At high dose (50 mg/kg, i.p.) all the test drugs have
significantly increased the response latency time and at
low dose (25 mg/kg, i.p.) except BTT-3, none of the test
drugs have showed significant increase in response
latency time. The BTT-3 (50 mg/kg, i.p.) was found to be
more potent than pentazocin (4 mg/kg i.p) in hot plate
test. In motor coordination test using rotarod apparatus,
BTT-3 (100 mg/kg, i.p.) exhibited a significant sedative
effect that evidenced by reduction in endurance time.
This could be the possible explanation for its central
analgesic activity observed in hot plate test (Unpub-
lished data).

Formalin causes inflammatory pain by inducing
capillary permeability and liberating endogenous sub-
stances that excite the pain nerve endings. NSAIDs can
inhibit COX in peripheral tissues and therefore with the
mechanism of transduction of primary afferent
noociceptors. The mechanism of analgesic effect of BTT
series of compounds could probably be due to blockade
of the effect or the release of endogenous substances
that excite the pain nerve endings similar to that of
pentazocin and other NSAIDs.

The formalin test is used to evaluate the mecha-
nism by which an animal responds to moderate, continu-
ous pain generated by the injured tissue. This test is
characterized by two phases. The early phase (immedi-
ately after injection) seems to be caused by C-fibre
activation due to the peripheral stimulus, the late phase
(starting approximately 20 min after formalin injection)
appears to depend on the combination of anti-inflamma-
tory reaction, activation of NMDA (N-methyl D-aspar-
tate) and non-NMDA receptors, and the NO (Nitric
oxide) cascade in the peripheral tissue and functional
changes in the dorsal horn on the spinal cord [25-26].
These functional changes appears to be initiated by the
C-fibre barrage during the early phase and to be related
to excitatory amino acid (EAA) release in the spinal cord
and activation of NMDA receptors subtypes.

The spinal cord contains mechanisms that inhibit
the activity of neurons that receive and transmit nocicep-
tive information. Primary afferent fibers of the spinal cord
utilize the EAAs like glutamate and aspartate as their
neurotransmitters. There are evidences that selective
EAAs receptor antagonists produce antinociception while
EAAs receptor agonists elicit hyperalgesia [27- 30].

The formalin test has been used to evaluate the
antinociceptive effects of competitive and non-competi-
tive NMDA receptor antagonists administered
intrathecally and systemically [31].

Table 6: Effect of BTT series of compounds on body weight and
organ weight in CFA induced Arthritis in rats.

Values are expressed as ¥Mean,  ́Mean ±SEM, *p<0.05, **P<0.01, compared with vehicle
treated group using one way ANOVA followed by Tukey- Kramer test.

After administration of FCA, it was observed that,
there was decrease in RBC count, % Hb from normal
levels and significant increase in total WBC count, ESR
and CRP levels above the normal, apart from these
parameters RF test was found to positive, its serum
levels was found to very high. The animals treated with
BTT series of compounds for 21 days have maintained
all the hematologicals parameters within the normal
range and the RF levels was found to be very less
compare to control group (Table 7).

Table 7: Effect of BTT series of compounds on Haematological
parameters in Fruend’s adjuvant induced Arthritis in rats.

Values are expressed as Mean ±SEM, *p<0.05, **p<0.01, ***p<0.01compared with vehicle
treated group using one way ANOVA followed by Tukey- Kramer test.

Discussion

In present study BTT series of compound were
evaluated for analgesic, anti-inflammatory and
antiarthritic activity using various animals models.  Anal-
gesic activity was evaluated by using Hot plate test and
formalin induced paw licking test.

The hot plate test is considered to be selective for
are centrally acting opioid–like analgesics [24] and the
validity of this test has been shown even in presence of
substantial impairment of motor performance.
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In formalin induced paw licking test in mice all the
test drugs have significantly decreased the number of
paw lickings in both early and late phase at high dose (50
mg/kg, i.p.), and at low dose (25 mg/kg, i.p.) except BTT-
3, none of the test drugs have showed significant inhibi-
tion. The BTT-3 (50 mg/kg, i.p.) was found to be more
potent than diclofenac sodium (5 mg/kg, i.p.) in inhibiting
neurogenic (early phase) and inflammatory (late phase)
pain stimuli caused by formalin. These results suggest
that BTT series of compounds may be acting through
both central and peripheral mechanisms.

Anti-inflammatory activity of the test drugs was
evaluated using formalin induced paw edema model,
formalin induced inflammation involves three distinct
phases based on the release of different inflammatory
mediators, namely serotonin and histamine in the first
phase (0-2 h), kinins like bradykinin in  second phase(3h)
and prostaglandins in the third phase (>4 h) [32], the
second and third phase have been reported to be
sensitive to both steroidal and non-steroidal anti-inflam-
matory agents [33]. In the present study, we have
examined the effects of BTT series of compounds on
these phases of inflammation. The results of this study
showed that, all the test drugs at high dose (50 mg/kg,
i.p.) shown very good antiiflammatory property in the
second and third phases of inflammation, where as the
BTT-1 (25 and 50 mg/kg, i.p.), BTT-3 (25 and 50 mg/kg,
i.p.) and diclofenac sodium (5 mg/kg, i.p.) have offered
significant inhibition of inflammation in all the three
phases. Furthermore, the possible mechanism of action
of BTT-2 and BTT-4 may be associated with the inhibi-
tion of release of kinins and prostaglandins; where as
BTT-1 and BTT-3 may be inferring with the release of
histamine, serotonin, kinins and prostaglandins.

Based on the observations in the analgesic and
anti-inflammatory studies the BTT series of compounds
were further taken for evaluating their effect on chronic
inflammation in FCA induced arthritis in rats.

In the present study, complete Freund’s adjuvant
induced arthritis in rats were selected to induce arthritis,
because it is the best and most widely used experimen-
tal model for arthritis with clinical and laboratory features
such as chronic swelling in multiple joints due to accu-
mulation of inflammatory cells, erosion of joint cartilage
and bone destruction and it has close similarities to
human rheumatoid diseases [23], Chronic inflammation
involves the release of number of mediators like cytokines
(IL-1B and TNF-alpha), GM-CSF, interferon’s and Plate-
let derived growth factor (PDGF). These mediators are
responsible for the pain, swelling of the limbs and joints,

destruction of bone and cartilage that can lead to severe
disability [34]. In present study the intra-plantar admin-
istration of CFA showed significant increase in paw
thickness which is the indication of arthritis, it mimics the
rheumatoid arthritis in humans. All the BTT series of
compounds upon intraperitoneal administration for 21
days showed significant inhibition of CFA induced paw
edema (p<0.001), the BTT-3 has showed significant
activity from the 4th day onwards and it was comparable
with diclofenac sodium (5mg/kg, i.p.), while all the other
test drugs have showed significant inhibition from the 7th

day onwards.

Changes in the body weight have also been used
to assess the course of the disease and the response to
therapy of anti-inflammatory drugs [35]. As the incidence
and severity of arthritis increased, the changes in the
body weights was also observed during the
experimentEarlier findings suggested that absorption of
14C- glucose and 14C-leucine was reduced in inflamed
rats [36]; the decreased/deranged absorption capacity
of intestine during inflammation was normalized upon
treatment with anti-inflammatory drugs.

In present study, all the BTT series of compounds
upon administration for 21 days showed consistent
increase in body weight compare to control, the CFA
control animals have showed abnormal increase in
thymus and spleen weights above the normal, which
leads to increase in organ weight (Thymus and spleen)
to body weight ratios; upon administration of test drugs
along with CFA, the organ weights and organ weight to
body weight ratio’s were maintained within the normal
range, it was highly significant compare to CFA control
(p<0.001).

CFA administration leads to rise in total WBC
count due to the release of IL-IB inflammatory response,
IL-IB increases the production of both granulocyte and
macrophages colony stimulating factors [34, 37], de-
crease in RBC count and hemoglobin concentration was
also observed.

ESR is an estimate of the suspension stability of
RBC’s in plasma. It is related to the number and size of
the red cells and to the relative concentration of plasma
proteins, especially fibrinogen, alpha and beta globulins.
Increase in the rate, is an indication of active disease

processes. The elevated levels of acute phase proteins,

ESR and C-Reactive Proteins (CRP) were observed in

response to stress or inflammations [37]. The ESR
count significantly increased in arthritic control group,
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upon treatment with BTT series of compounds and
diclofenac sodium for 21 days was remarkably counter-
acted the total WBC count, RBC count and hemoglobin
concentration and thus justifying there significant role in
the arthritic conditions.

CFA induced arthritis in rats is also associated
with an increase in the plasma levels of CRP and RF [38,
39], RF is the immunological expression of an individu-
al’s immune system reaction to the presence of an
immunoglobulin molecule that is recognized as non-self.
This response to the non-self immunoglobulin results in
the presence of immune complexes, these in turn bind to
the complement and may eventually lead to destruction
of synovium, cartilage and bone. Higher the levels of
serum RF, higher the development of inflammation [40].
Upon treatment with BTT series of compounds (50 mg/
kg. i.p.) these parameters were significantly decreased
when compare to CFA control.

In conclusion all the BTT series of compound
found to possess very good analgesic, anti-inflamma-
tory and antiarthritic activity at 50 mg/kg, while the BTT-
3 had showed good efficacy in 25 and 50 mg/kg, i.p.  and
it was found to be more potent than other compounds.
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