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ABSTRACT

[ne In vitro release of carbachel chicride, a cholinomimetic
arug, from different ophthalmic gel-formulations has been investi-
gated. Ihe release data were found to be in favour of the diffusion

k)

controlled . mechanism,  The effect of viscosity on the release pat-
tern has been also studied. [he amount of the drug diffused fror
tne aqueous solution of the drug was found to decrease with an in-
crease In the solution viscosity, On the other hand, the riscosity
aid not affect the release rate when the drug was formulated in
gels, ‘

-

The effect of different gl fermuiations on the drug activ-
1ty, a decrease In the Intraocular pressure, I0P, was studied o
human patients. It was found that the imcorperation of the drig
into fydrephiiic gels resulted in an improvement of its GoLIvILy,
' (52 parameters of drug activity are:- area above tize curye: raxizun
arug response and time of raximum response,  The statistical
analysis of the data chtained was assessed., 4 correiation petween

the In vifro and In vive data has been deduced,

L

. | INTRODUCTION sult 1n & temporary decrease in visual acuity. Suffi-

clent systemic absorption sometimes occurs to cause

Carbachel cholride is a cholinomimetic drug, Ho- e
- systemic effects,

ever 1t s nmore stable and shows a considerabie

selectivity of action. At present it is used ﬁhly for Hany techniques have been utilized to enrance the
its miotic action in the treatment of priméry glauCGmg. bioavailability of drugs which are delivered topically
Untoward effects, from ophthalmologic wuse, include, to the eye, Eye drops still represent the major form

celiary spasm and headache. The celiary spasm may re- for the topical ocular rcute, The presence of tears in
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the culde-sac and the turnover of lacrimal fluid,
16%/nin~!, in man ! can cause a significant loss of the
topically applied drug when instilled as an ophthalmic
solution, In addition, the efficient drainage appara-
tus, used for removal of tears, aggravates the loss of
drug from the precorneal area £, The previously men-
tloned factors are considered as the main drawbacks for
the wuse of drops as ophthalmic medications. Alsc, the
oleaginous and the oily fcrmula@iuns underqgo from sors

therapeutic disadvantages 34

o

Results of previous studies, on rabbits and hu-
pans, 1indicate that aqueous-based gels appearsd to of-
fer advantages over the traditional ophthalmic dosage
forms, either in terms of improved ocular drug
bioavailability > or enhanced therapeutic respense 6,
Many of the ocphthalmic gels, investigated up till now,
have been formulated with either carbomers, cellulose
derivatives ! and ploxamer 497 0, Ploxamers, a class
of gel-forming polyme}s, have Deen evaluated as a seni
solid vehicles and possess several properties which ap-

pear to make them‘particularly sultable for use in the

tormulation of ophthalmic dosage forms, including their -

low toxicity, mucomimetic properties and optical clar-
ity 3,

It 1s well known that carbachol is commonly used
in concentrations of 0.75% to 3% for the treatment of

' the open angle glaucoma. It is recommended for those

patients where the glaucoma can not be controlled with
pilocarpine therapy 18 The rajor disadvantage of car-
bachol is its short duration of action, 2-3 hours i!.

|
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The purpos; of the p}esent investigation was to
formulate carbachol chloride in different gel-forming
polyners with the aim to prolong its short duration of
action, Also, the study was carried out to elucidate:
1) the effect of some gel-forming vehicles on the re-
lease profile of the drug; ii) the iz vivo performance
of carbachel chloride ophthalmic gels 1in human eyes,
the decrease 1n I0P, and 1iii) the correlation between

the in vitre and in vive performance of the drug,
EXPERIMENTAI

Materials

Carbachol chloride (K.5.D., U.5.4.), Nethylcellu-
lose 430 (BDH, U.K.), Hethylhydroxycellulose, Tylose
4090 (Hoachst, N. Germany), Carbomer 934, Carbomer 348
and Carbomer 941 (B.F. Goodrich Co., Cleveland, Ohio,
U.5.4.), Ploxamer 407 (BASF, Wyandotte, NI, U.S.A.,
enoxinate HCl (Dr. Thile & Co, GHBH, GCermany) and
semiperneable standard cellophane membrane {38/32, Fis-
cher Sci., London, U.K.). All the other chemicals used

were of analytical qrade.

Equipment:
shaking water bath (Selects, Uniform 329), Double
beam spectrophotometer (Shimadzu, Japan), Rotaiional

viscometer (RN-MLK, Medingen, GDR) and Schiotz tonome-
ter {John Weiss & Sen Ltd, ¥IH 0DN, Londen, U.K.).

Procedure:

Preparation of Ophthalmic Gels:
All the tested ophthalmic gels were prepared in
such a manner to contain carbachol chloride in 1.5% w/w

concentration. The same concentration was used to pre-

pare the aqueous solution.
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1- Ploxamer Gel:

An accurate weight of carbachol chloride, 1.3 g,
was placed into a 100 ml conical flask and was dis-
solved ina suitable volume of Sorensen's phosphate

buffer at pH 7.4, The pequired arcunt of the ploramer
The flask was

stored at 3'C for 24-36 hours until the polymer has

was dispersed into the drug solution.
been completely dissolved. The resultant solutior Was
corpleted to 180 g with the same” buffer solution and
thorcughly mixed while cold. When the aixture was
harmed to room temperature, a clear viscous ge| was

produced,

2~ Carbomer Gels-

Ivo grams of carbomer powder were dissolved in
dorensen’s phosphate buffer with the ajd of a high
speed mechanical stirrer. The selution was neutralized
with sodium hydroxide solution (48¢ mg NaCli/ig car-

tomer).  An accurate weight of the drug 1.5 ¢, was dis-

solved in about 5 ml of the buffer and incorporated

into the previcusly prepared gel., The total weight of
the prepared gel was completed to 1800 ¢ with the
buffer,

3— Methylcellulose (MC
lose (TY) Gels: '
Three and five qrams of MC and TV were alssolved

in hot isotonic buffer, respectively, Solutions of the

drug (1.5 ¢ in about § p] buffer) were incorporated

Inte the prepared gel and the weight of the qel was
conpleted to 108 g with the same buffer solution.

and Ty-

Tests Performed on Ophthalmic
Gels:
1- In Vitro Procedure:

Ine release of carbachol chloride from the tested
el formulations was followed employing the simple
dlalysis technique. In this method, twg qrams of the
tested gel formulation were accurately weighed over the
semipermeable  membrape. The loaded mermbrane was
scretched over one end of an opened glass cylinder, the
donor, with an internal diameter of 2.1 en. The opened
ipper part of the glass cylinder was covered with a
ininly perforated nylon sheet to minimize the possible
evaporation of the liquids present in the gels, during
the experimental pariod. The donor was placed inside a
100 nl beaker containing 25 ml of an isotonic puffer at
pd 1.4, the acceplor, in such a manner thst the men-
brane was located just below the surface of the sink

solution.,

[he whole dialysis unit was placed into a therms-
statically controlled water ‘bath shaker operating at
3°C and 25 shake/minute. One ml was s1thdrawn from
the sink solution at suitable time intervals. The
Withdrawn volume was repiaced by an equal one at the
same temperature to keep the volume of the sink con-
The withdrawn

samples were assayed for their drug content by measur-

stant during the experimental study,

ing the absorbance at 570 np according to the procedure

previously described by Doulakas 12,

2— In Vivo Procedure:-

Eight patients were enrolled in this study, They

were suffering from primary acquired glaucoma, either

With the open-angle or narrow-angle type, The enrolled
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patients should not under therapy with any antigiaucona
drug.  Those patients using antiglaucoma therapy were
given a washout period of two weeks before enrolling in
the study.

fhe Intraocular pressure (I0P} was measured in all
patients with Schiotz tonometer, Sketch 1. It consists
of a curved footplate designed to fit the average nor-
pal cornea with a metal plunger in the centre for hold-
Ing various weights, On the top of the plunger a short
curved arm with a lever whose long arm is a pointer for
reading positiops on a scale. s the plunger idents
the cornea, the scale reading will increase according
to the resistance encountered, REach instrument is ac-
companied with a graph that expresses the scale read-
irgs in mm Hg of the internal pressure within thé eye.
Atter instillation of onme drop of the surface anaes-
thetic benoxinate HCI, 0.4%, the patient is placed in
the supine position and ésked to look directly upward,
- fixing on some object such as his extended hand. The
l1ds were separated to keep then away to be in contact
With the eyeball, taking care not to exert pressure on

the globe with physician's fingers. The instrument is

piaced gently in a vertical position directly over the _

cornea and the plunger was allowed to exert 1ts full
weight. Three readings were taken using the weights
2.3, 1.5 and 10 grams, and the average [OP was calcy-
lated. It is worthy to note that the I0P of the tested
~eye was measured before topical application of the
coded samples, 8.1 g of each, and after I, 2, 3, and 6

hours of application.

-------------

RESULTS AND DISCUSSION

1-In Vitro Study:
[he in vitro release of carbachol chloride from
different gel formulations was carried out at 35°C and

the data obtained are surveyed in Table 1. Frop these

~data it can be observed that the amount of, the drug re-

leased was maximum from the aqueous solution of the
drug, control, and reduced when the drug was formulated
inte gels. The release data were checked according to
zero order, first ofder, and the diffusion controlled
necnanism.,  Preference of some mechanisms was based on
the correlation coefficient for the parameters #-
volved, Further confirmation for the wmechanisn was
based on the duration of EE; lag time, the prefarence
Will be considered for the mechanisa in which no or
shorter lag time oceurs. Such an approach has already
been suggested by Samuelove et a1.13. Further evidence
has been provided by plotting log q versus log t; where
9 15 the amount of the drug diffused per unit surface
area at time t. In this case a straight line will be

obtained with a siope of 0.5 14,

[he nathematical treatment of the release data,
lable 1, is in favour of the well known diffusion mech-
anisn,  The data revealed that the diffusion ccef-
ficient of the drug in case of the control is higher
than that in the other tested ophthaimic qels. From
the same table, it can be deduced that as the lag fine
increased, the diffusion coefficient will b decreased.
the lag time is an intensive variable which affects the

drug absorption from the eye. The presence of a lag

time in such experimental studies could be simply at-
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tributed to the presence of the semipermeable c¢ello-

phane membrane which separates the two compartments,

[he data also revealed that, the amount of the
drug diffused shows a slight dependency on the viscos-
1ty of the gel, Tzple I, Un the other hand, the effect
of tre viscosity on the amount of the drug diffused may
pe pronounced at low viscous system, i.e an increase in
the viscosity, from 0,818 to 52 poise, results in a
significant decreaze in the amount of the drug dif-
fused, The same observation has been obtained by

Fassen et al 1,

2—In Vivo Study:

Ihe data obtained for the in vivo study are pre-
sented graphically in Fig. 1, where the average vaiues
of the I0P were plotted versus the nidpoints of the
tize intervals. From this figure 1t could be predicted
that the effect of the control reaches its initial 10P
value after 3 hours, whiie the other gel formulations
do not go back to the initial value and are not termi-

nated throughout the experimental observation period, 6

hours. The measurement of the I0F was carried out be-

foere and after application of the drug at specified

time intervals and lasts for & hours.

The parameters of the drug activity utilized in
this study are: 1) area above the I0B-time curves
(AAC), which is considered as an indication for the
arount of drug absorbed; ii) maximum of drug response
(MR); which is considered as an indication for the in-
tensity of the drug action; and III) the time of maxi-
nun response {IMR), Those parameters are calculated

and sumnarized in Tahie 2. From this tahle it could be

+ formulations.

observed that 3,3-4.8, 13-1.6 and 2.3-3.7 fold io-
crease  im-3AC, NR and THR was obtained respectively for

the gel formulations as compared with the control.

Results of the t test, Table 3, revealed that the
differences in areas ahev&“the?-curves betwesn fhe g2l
formulztions and the control are  very highly sig-
nificant (p=9.981),
petwzen MC gel and the control which is highly sigqnifi-
capt  (p=0.81).

fermulations and the aquecus solution are statistically

The only exceptional case is that
Tne differences in MR between the qai
insignificant.  The only excpetional case is that be-
tween carbomer %41 and the control which is nighly sig-
nificant (p=0.81). Also, the differences in THR are

from nighly to very highly significant,

[hese findings are in agreement with that previ-

ot

ously obtained by Killer and Donovan 8 who indicas
that the miotic activity of pilocarpine was increassd
.9 fold in gel formulations when compared with the

control.

The effect of viscosity of ‘he sysiom on the pa-
rameters of drug activity is also depictzd in Table 2.
From this table it couid be cbserved tha® the eifest
1s highly pronounced between the control and the gel
On the other hand, the viscosity has no

or slight effect on the drug activity in case of th

iTd

gels. The same observations have besen reporfed by

fassen et al ® when they studied the effect of be-

. tamethasope and phenylephrine HCl formulated in gels,
om theflﬂbuf rabbit’s eye.

~In conclusion, it is likely to state that the pro-

longation  of  the  contact time via incorpe-
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Table 1: Nathematical Treatments of the Release Data according to Zero-Order, First-Order and Diffusiss

Mechanisms for Carbachol Chlcride from Different Ophtaimic Gels. _ - -
Y15C0- Lero
sity order First order biifusion mechanisms
System (POL8E )  mmmmm e e e e
r r lag © [ lag £ slope 5 0
(h) (h)  log § vss D]
log ¢ (cmth)
Control 400,918 0,335 3.935  1.26 0.956 .15 0.468 32,16 17,63
2 % KC gel 133, 9.0¢ 0.968 0.397 .14 0.938 8,24 0,342 34,24 3.7
) % Carb. 934 gel 175,400  0.376  2.9939  2.3% 1,395 .31 9.64) 28.98  2.14 ’
. % Carb, 941 gel 165,506 ¢.960 §.932 4.41 0.997  0.42 0,532 21,52 L.z
. % Carb, 549 qel 150,100 $.985  9.394 3.14 $.330  9.48 J.493 32,14 2. 10
¢t % Ploxamer 447 gel 052,340 (.56 3.99%  3.iZ 0.556 8.59 ¢.514 0.3z 1,08
3% TT 4000 qel 165,240 $.37%  0.33% 4,13 6.39  0.71 8,326 3¢, 46 .16

W M i ul e W B Em ke o e S AU HE W e e T B BN Gk o W S BN B
ﬂﬂ_m_ﬂ-—‘-v_-—ﬂﬁ-&—_-lﬁ-_h‘h”rﬁ-—“'hhh—.n--—pﬂlm*hm-ﬂh——-n_-hﬁ-ﬂ_--“—‘-‘-ﬁrqh_nﬂ_ﬂ
S R N ilm ey PR Prd B Ty e YeE SIS Sew EE Al T BN GRS o PER M

r = correlation ccefficient; % § = % drug released afier 3 nours and D = diffusion coefficient.

Table 3: Significance Level (P values) of Differences between
Mean Values of the Parameters of IOP Activiiy of
Carbachol Chioride in Human's eye.

il uliekd Bl anbe ek g S g ik gy P SNy N T WY RS RN S S AR PR PN ST EEE B TR SRR B S S ek ERE gl G R S ey e ule e i ol W T U BN LA B L S e A SR R R A e A plr el

Table 2: Comparison of Area Above Curve (AAC), daximum kesponse (M) and
Tine of Maximum Response {ThK) to fhe Viscosity of Upithaimic
Gels of Carbachol Chloride in Human's eye.

ekl e P S A B B BTH T PR T P S W R el R i e il bl oplie gy Bl e e B P mear Bk =il e BN el RN WA AN AL EF MR A DN il pma wmy mhm e s etwh e gl e e mhis S Vel G S S vkl me S ey Sy S P W T S —

Visco- Paraneters of 10P activit; Pairsof oo wmmmoeanenee
System §iff = memememmmmmemmmsmesmeseee oo conparisons Y 3 THR
(poise) AC MR TR (rs Hg.h)  (mm Hg) ()
(& fg.khj (am Hg) 0 e ——
_________________________________________________________________________ Control with ¥C gel B.01¢ g1 0.01¢0
Control 00818 25.83(t 3.3)  14.35(:1.50) 1.5(tda5)  vontrol witn arb. 334 gel I U A '
5 % HC qel 193900 84.99(x10.4)  IB.20(1.88) 4.5(.51) Lontrol with Card. 341 gel 0.001 0.1 0.001
1% Carb. 93 gel 175480 93.96(£ 3.3)  19.5i(:2.12) 5.5(t4.46) Control with Floxamer 407 qel 8,081  0.10  9.010 .
) % Carb, 941 gel 193,500  99.35(t13.4)  28.00(:3.86) S.5{(#d.46)  TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTRTTTmmommommmomomomos
(£21.3) 25.33(£3.98)  3.5(x3.53) the vaiues 0.081, ¢.91, 0.95 and 0.1 represent the values of

20 % Ploxamer 407 052,940 124,23
gel

Ly o F 'y ¥y ¥y ¥ § % §y § Fr F 9% N S ¥ N F 3 RN _F_ R _¥X_ § _F_E_JF _E_F R _§F _J3 N N _FE_J__E_N & L I Ik B N kRl e

P and tney are; very highly significant, highly significent,
significant and insignificant respectiveiy,

ihe values befwsen parentheses represent the stanaered error of the mean.
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ration of the drug into gel formulations is the sole
factor which is responsible for the discussion of such

results, Also, the data revealed that there 1s a cor-
relation between the im witre results and the iz vive

ones. This 1is clearly appeared when the diffusion
coefficient and the paraneters of the drug activity
cere correlated, It should be noted that when the dif-
fusion coefficient decreases the parameters of drug ac-

tivity were found to be progressively increased.
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