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INTRODUCTION

Glaucoma i s  a  p rogress ive  op t ic
neuropathy and elevated intraocular pressure
( IOP)  i s  cons idered  the  major  r i sk  fac tor .
Al though  surg ica l  op t ions  ex i s t ,  medica l
management to control  IOP is the mainstay
of the treatment. Timolol, a beta-blocker has

long  been  used  for  reduc t ion  of  IOP in
g laucoma.  I t  r educes  IOP by  suppress ing
the  aqueous  humor  format ion .  Topica l
application of timolol to normal rabbit eyes
has  been shown to  reduce IOP by 20–30%
(1).  However,  topical application of t imolol
to  oculohyper tens ive  rabbi t  eyes  i s  known
to reduce IOP to a greater extent. Although
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Abstract  :  Purpose :  Evalua t ion  of  oculohypotens ive  ac t iv i ty  of  s ingle
drop application of aqueous extract of Foeniculum vulgare in experimental
models of glaucoma. Methods: The evaluation of oculohypotensive activity
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(IOP) and with experimentally elevated IOP. The experimental increase in
IOP was achieved using water loading and steroid induced glaucoma models.
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rabbits at 0.3%, 0.6% and 1.2% (w/v) concentrations respectively. The 0.6%
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toxic i ty  and  human c l in ica l  t r ia l s  a re  warran ted  before  the  Foenicu lum
vulgare  f inds  p lace  in  the  arsenal  of  an t ig laucoma drugs  prescr ibed  by
physicians.
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a number of other drugs are also available,
the cost ,  s ide effects  and contraindicat ions
l imi t  the i r  use  in  a l l  pa t ien t s .  The  drugs
f rom na tura l  sources  i f  found ef fec t ive  in
reduc ing  IOP wi thout  tox ic  mani fes ta t ions
in glaucomatous eyes ,  may prove to  be an
impor tan t  and  inexpens ive  an t ig laucoma
a g e n t .

Foenicu lum vu lgare  i s  a  wel l -known
medic ina l  p lan t  and  be longs  to  the  fami ly
Umbelliferae. Aqueous extract of Foeniculum
vulgare  seeds  was  shown to  possess
antihypertensive properties in spontaneously
hyper tens ive  ra t s ,  poss ib ly  because  of  i t s
diuretic activity (2). Foeniculum vulgare has
a l so  shown an t iox idan t ,  n i t r i c  ox ide
scavenging (3) and anticholinesterase activity
(4)  in  var ious  in  v ivo  and  in  v i t ro
exper iments .  Keeping  in  v iew the  above-
mentioned properties of Foeniculum vulgare
the present  s tudy was designed to evaluate
an t ig laucoma ac t iv i ty  o f  i t s  aqueous  seed
e x t r a c t .

METHODS

A n i m a l s

All  p rocedures  in  th i s  s tudy  compl ied
with ARVO statement for the use of animals
in  research  as  wel l  as  wi th  the  loca l
regu la tory  and  e th ica l  requ i rements .  New-
Zealand white rabbits of either sex, weighing
2.5–3.5 kg were used. Animals were housed
under standard laboratory conditions with 12-
hour cycles of l ight and dark (light from 6
a .m.  to  6  p .m. )  and  were  prov ided  wi th
normal pellet diet and tap water ad libitum.
Al l  an imals  were  examined  and  those
found  normal  on  genera l  and  ophtha lmic
examina t ion  were  inc luded  in  the  s tudy .

Af te r  one  week  of  hab i tua t ion  in  an imal
house  fac i l i ty  the  an imals  were  t ra ined  to
accept  tonometry .

Test  drugs

The  p lan t ,  Foenicu lum vu lgare ,  was
col lec ted  f rom the  Haryana  s ta te  o f  Ind ia
and species was identified by comparison with
herbar ium spec imen and  HPTLC f inger
pr in t ing .  Ext rac t  (FVE)  was  prepared  by
soaking  the  seeds  in  wate r  fo l lowed  by
f i l t ra t ion  and drying of  f i l t ra te  in  vacuum
oven  a t  60°C.  This  y ie lded  a  d ry  ex t rac t ,
which  was  powdered  and  s to red  in  sea led
containers at  4°C. The yield of  the extract
as a percentage weight of the starting plant
material was 8:1. FVE was dissolved in 0.25%
autoc laved  hydroxypropyl  methy lce l lu lose
(HPMC) so  as  to  g ive  a  concent ra t ion  of
0.3%, 0.6% and 1.2% (w/v). HPMC was used
to increase the corneal residence time. This
was  fo l lowed by  f i l t ra t ion  us ing  0 .22  (µm
Mil l ipore  f i l t e r .  The  f i l t r a te  was  kep t  in
sterile amber coloured vials before use. The
t imolo l  malea te  0 .25% was  used  as  a
re fe rence  s tandard .

Est imat ion  o f  IOP

The  IOP was  es t imated  us ing  Non-
Contac t  Tonometer  (NCT)  Nidek-2000 ,
Japan. The technique of using NCT in rabbits
has  a l ready been descr ibed  by  the  authors
(5).

Exper imenta l  mode l s

The evaluation of IOP lowering activity
of test drug was carried out in normotensive
rabbi t s  and  in  rabb i t s  wi th  exper imenta l
increase in IOP.  The experimental  increase
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Step  2 :  The  dose  of  FVE showing
maximum peak IOP reduction from baseline
in  s tep  1  was  fu r ther  eva lua ted  in  wate r
load ing  and  s te ro id  induced  models  o f
g laucoma.  For  evalua t ion  in  water  loading
model rabbits were divided into two groups
of  12 animals  each.  The basel ine  IOP was
estimated after overnight fasting at 8.30 a.m.
The first  group was insti l led with 50 µl  of
timolol 0.25% in one of the randomly chosen
eye and 50 µl  of  vehicle  in the other  eye.
The second group received 50 µl of FVE in
one of the randomly selected eye and same
volume of  veh ic le  in  the  o ther  eye .  One
hour  a f te r  the  d rug /veh ic le  ins t i l l a t ion ,
rabb i t s  were  admin is te red  wi th  t ap  wate r
(70  ml /kg)  th rough  an  orogas t r ic  tube .
This  was  fo l lowed by  IOP es t imat ions  a t
an  in te rva l  o f  15  minutes  fo r  a  to ta l  o f
120 minutes .

For evaluation in steroid induced model
of  g laucoma the  rabb i t s  p re t rea ted  wi th
prednisolone 1% were randomly divided in
three groups of 6 animals (12 eyes) each. On
the day of experiment the baseline IOP was
estimated. First group was now instilled with
50 µl of vehicle in both eyes while the second
and third groups received same volumes of
timolol 0.25% and FVE (0.6%) respectively
in  bo th  eyes .  This  was  fo l lowed by  IOP
es t imat ions  a t  hour ly  in te rva l s  fo r  a  to ta l
durat ion of 6 hours.

Stat i s t i ca l  ana lys i s

One-way ANOVA was  used  for
determining the statistical significance of the
d i f fe rences  be tween  groups  a t  p robabi l i ty
level of 95%.

in IOP was achieved using water loading and
top ica l  ins t i l l a t ion  of  s te ro id .  In  wate r
loading model  IOP e levat ion was  achieved
in unanaesthet ized rabbi ts  according to  the
modi f ica t ion  of  a  p rev ious ly  descr ibed
procedure (6, 7). The conscious rabbits were
rapid ly  adminis te red  wi th  70  ml /kg  of  tap
wate r  th rough  an  orogas t r i c  tube .  This
induced an acute r ise in IOP last ing for at
least  2 hours.  In steroid induced model the
IOP elevation was achieved in young rabbits
by topical instillation of 10 µl of prednisolone
1% eye drops in both eyes, twice a day for
a  per iod  of  40  days .  The  IOP es t imat ions
were repeated twice a week during the period
of  s teroid  ins t i l la t ions .  Topical  ins t i l la t ion
of glucocorticoids has been shown to cause
e leva ted  IOP in  human (8 ,  9 )  and  rabb i t s
(10, 11, 12). A 31.58% increase from baseline
could be achieved at the end of 40 days period
however ,  a  mor ta l i ty  o f  20% was  a l so
observed  dur ing  s te ro id  t rea tment .

Study  des ign

The study was carried out in two steps.

Step 1 :  Normotens ive  rabb i t s  were
randomly divided into 3 groups of 12 rabbits
each. On the day of experiment baseline IOP
was  es t imated  a t  8 .30  a .m.  The  rabbi t s  in
first group were instilled with 50 µl of 0.3%
FVE in one of the randomly chosen eye while
the other eye was treated with 50 µl of 0.25%
hydroxypropyl methylcellulose. Groups 2 and
3  rece ived  50  µ l  o f  0 .6% and  1 .2% FVE
respectively in one of the eye while the other
eye received an equal volume of vehicle as
in group 1. IOP was estimated at an interval
of one hour for a total of 8 hours.
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RESULTS

Normotens ive  mode l

In  normal  rabb i t s  t r ea ted  un i la te ra l ly
with FVE 0.3%, the IOP declined gradually
and  a t  3  hours  pos t  t rea tment  the  mean
percent  IOP reduc t ion  in  drug  t rea ted  eye
was  18 .50% f rom base l ine  as  compared
to  1 .01% in  veh ic le  t rea ted  con t ro l  eye .
The  maximum mean  IOP reduc t ion  in
normotensive rabbit  eyes treated with 0.6%
FVE was 21.83% while the same with 1.2%
FVE was 23.63% as  compared to  0 .67 and
1 .60% in  con t ro l  eyes  respec t ive ly .  Th is
maximum IOP reduction was observed at  3
hours  pos t  t rea tment .  Change in  IOP af ter
treatment  with FVE 0.3% was s ignif icant ly
less than that after treatment with FVE 0.6
and 1 .2% (P<0.05)  (Fig .  1) .  There  was  no
s ign i f ican t  d i f fe rence  in  IOP reduc t ion

be tween  groups  t rea ted  wi th  FVE 0 .6  and
1.2% and therefore  FVE 0 .6% was  chosen
for further  evaluation in water  loading and
steroid induced models .

Water  loading  mode l

The  un i la te ra l  t rea tment  wi th  FVE as
wel l  as  t imolo l  resu l ted  in  s ign i f ican t
pro tec t ion  aga ins t  the  r i se  in  IOP in
response to water  loading.  The r ise in IOP
in FVE 0.6% treated eyes was significantly
less as compared vehicle treated eyes from
15 minutes  to  105  minutes  a f te r  wate r
load ing  (P<0.001) .  A maximum mean
difference of 31.20% in IOP rise was observed
be tween  cont ro l  and  t rea ted  eyes  in  FVE
trea ted  group  a t  60  minutes  a f te r  wate r
loading. In timolol treated group a maximum
mean difference of 31.40% in IOP rise was
observed between cont ro l  and t rea ted  eyes
a t  45  minutes  a f te r  wate r  load ing  wi th  a
s ignif icant  d i f ference pers is t ing throughout
the experimental period (P<0.001) (Table I ,
F ig .  2 ) .  A  s ign i f ican t ly  h igher  p ro tec t ion

Fig. 1 : Oculohypotensive activity of Foeniculum vulgare
in normotensive rabbit. Topical instillation of
0.3%, 0.6% and 1.2% FVE to normotensive rabbit
eye (n=12) resulted in a 18.50, 21.83 and 23.63%
reduction in IOP at 3 hours post treatment. The
IOP reduction was significantly greater in all
three dose groups as compared to IOP changes
in corresponding control eye (P<0.0001). The
IOP reduction was significantly lower in 0.3%
FVE treated group as compared to 0.6% and
1.2% FVE treated groups (P<0.05) however no
significant difference was observed between 0.6%
and 1.2% FVE treated groups. *P<0.05 as
compared to FVE 0.3%.

TABLE I : Change  in  IOP in  wa te r  loaded  rabb i t s
fo l lowing ins t i l la t ion  wi th  FVE 0 .6% and
t imolo l  molea te  0 .25%.

Water loading model Steroid induced model

T i m e F V E T i m o l o l T i m e F V E T i m o l o l
after (0.6%) (0.25%) post (0.6%) (0.25%)

load ing d r u g
(minutes ) ins t i l la t ion

(Hours)

15 –14.94 –22.6 1 –7.22 –22.98

30 –21.38 –28.3 2 –21.05 –31.80

45 –30.14 –31.4 3 –30.73 –33.76

60 –31.20 –24.3 4 –28.41 –27.85

75 –21.86 –23.8 5 –18.39 –23.71

90 –20.07 –22.9 6 –4.49 –20.56

120 –8.52 –12.1 8 –1.87 –7.57

All value are group mean. (n=12 for each group).
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aga ins t  the  r i se  in  IOP was  observed  in
timolol treated group during first 30 minutes
pos t  wate r  load ing  as  compared  to  FVE
treated group (P<0.05).

Stero id  induced  mode l

The mean peak IOP reduction in timolol
and  FVE t rea ted  groups  was  33 .76  and
30.73% respectively, 3 hours post treatment.
S ign i f ican t  IOP reduc t ion  in  FVE t rea ted
group  was  observed  for  1–6  hours  pos t
t rea tment  (P<0.001  f rom 2–5  hours  and
P<0.01 at 1 and 6 hours). The timolol treated
group showed significant IOP reduction from
1–8 hours  pos t  t rea tment  (P<0 .001  up  to
6  hours  and P<0.05 a t  8  hours) .  (Table  I ,
Fig. 3).

DISCUSSION AND CONCLUSIONS

The  presen t  s tudy  eva lua tes  the  IOP
lowering effect of single drop application of
FVE in rabbits with normal IOP as well  as
in rabbits with experimental increase in IOP.
The  exper imenta l  inc rease  in  IOP was
achieved by water loading and topical steroid
appl ica t ion .  The water  loading model  wi th
acute rise in IOP in this experiment closely
resembles  the  c l in ica l  s i tua t ion  wi th  rapid
r i se  in  IOP whereas  the  s te ro id  induced
model closely resembles primary open angle
glaucoma as  marked s imilar i t ies  have been
noted  be tween  the  aqueous  ou t f low
obstruction,  optic nerve cupping and visual
f ield defects  associated with glucocort icoid
induced glaucoma and those found in POAG
(13, 14, 15). For steroid treatment both eyes
were  t rea ted  wi th  p redniso lone  ins tead  of
one of the randomly chosen eye because 20%
mor ta l i ty  ind ica ted  s ign i f ican t  amount  o f
systemic absorption and significant systemic
absorption is expected to give rise to changes

in  the  un t rea ted  eye  as  wel l ,  making  i t
difficult  to detect the actual r ise in steroid
t rea ted  eye  when compared  wi th  unt rea ted
eye  as  con t ro l .  In  add i t ion  as  per  our
exper ience  the  mor ta l i ty  observed  a f te r
uni la tera l  s te ro id  t rea tment  i s  no  d i f ferent
from bi la teral  s teroid t reatment .  Therefore ,
i t  was considered appropriate  to randomize
the  b i la tera l ly  s tero id  t rea ted  animals  in to
different groups. This also helped in making
use  of  the  min imum poss ib le  number  of
an imals  to  g ive  s ta t i s t i ca l ly  s ign i f ican t
resu l t s .  Pharmacolog ica l  u t i l i ty  o f  these
models was well demonstrated by time course
of IOP lowering activity of timolol and FVE.

Sing le  d rop  app l ica t ion  of  a l l  th ree
concentrat ions of  FVE (0.3,  0 .6  and 1.2%)
resulted in a significant fall in IOP in rabbits
with normal intraocular  pressure (P<0.001).
FVE 0.6 and 1.2% treated groups showed no
s ign i f ican t  d i f fe rence  in  mean  peak  IOP
reduc t ion  bu t  the  IOP reduc t ion  was
s ign i f ican t ly  h igher  in  bo th  g roups  as
compared to FVE 0.3% treated group. Further
eva lua t ion  of  0 .6% FVE in  wate r  load ing
model  showed a  s ign i f ican t  d i f fe rence
(31 .20%) in  IOP r i se  be tween  cont ro l  and
treated eyes in FVE treated group (P<0.001).
This  protect ion by FVE against  the r ise  in
IOP in  response  to  wate r  load ing  was
comparab le  to  tha t  caused  by  t imolo l
(31.40%).  The maximum dif ference in  IOP
between control and treated eyes in t imolol
t rea ted  group  was  observed  a t  45  minutes
af ter  water  loading whi le  the  same was a t
60  minutes  a f te r  wate r  load ing  in  FVE
trea ted  group  ind ica t ing  a  compara t ive ly
slower onset of action in the later group. A
s ign i f ican t ly  h igher  p ro tec t ion  aga ins t  the
rise in IOP in timolol treated group (P<0.05)
as compared to FVE group for initial 1st hour
can  a l so  be  a t t r ibu ted  to  s lower  onse t  o f
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ac t ion  of  FVE.  S imi la r  d i f fe rences  in  the
time course of IOP lowering effects of timolol
and  FVE were  a l so  observed  in  s te ro id
induced model. No significant difference was
observed in peak IOP reduction of 33.76% in
timolol group and 30.73% in FVE group at 3
hours  post  t reatment  in  s teroid model .  The
tota l  dura t ion  of  s igni f icant  IOP reduct ion
was 8 hours for timolol and 6 hours for FVE
and a significantly higher IOP reduction with
t imolo l  dur ing  f i r s t  and  las t  2  hours  o f
observation period. It can be concluded from
the  above-d i scussed  resu l t s  tha t  the
Foeniculum vulgare  aqueous  ext rac t  shows
significant oculohypotensive activity and the
maximum IOP lower ing  e f fec t  o f  FVE i s
comparable to that of timolol. However, the
onset of action of FVE is slower and duration
of  ac t ion  i s  shor te r  than  tha t  o f  t imolo l .

The  mechanism of  ac t ion  of  IOP lower ing
ac t iv i ty  o f  FVE might  be  re la ted  to  i t s
anticholinesterase activity as has been shown
by earlier experiments (4).  Investigations to
further explore possible mechanism of action
of FVE are in progress.  Investigations with
i so la ted  ac t ive  ingred ien t s  a re  des i red .
However, the possibility of synergistic effects
among known active principles and unknown
compounds  in  the  p lan t  ex t rac t s  should
always be considered.
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