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Abstract 

The route of administration of morphine, other than parenteral administration, 
may be promising in incrensing the compliance in patients that continuously need 
morphine for its amilgesic effect. Morphine systemic penetration was investigated af- 
ter ocular instillation. Its phnrmacokinctic pxnmeters and its bioavailability after ocu- 
lar instillation compared to its intravenous administration were determined in healthy 
New Zealand Albino rabbits. A cross over design was performed with an eight-days 
wash-out period between the ocular and intravenous administrations. After ocular in- 
stillation, morphine was rapidly absorbed and attained serum levels compatible with 
effective concentration for it*; nnalgesic effect. Ocular bioavailability of morphine was 
high, 66%. Oculx administration of morphine could provide prolonged high serum 
levels and prolonged systemic pharmacologic effect. Ocular administration of mor- 
phine should be considered for its systemic pharmacologic effect. 

Introduction 

PAIN is one problem physicians face espe- 
cially in caring for chronically ill termina! 
cancer patients, Morphine is a commonly 
used and useful medication in such cases. 
It elevates the threhold of pain and increas- 
es the patient’s ability to tolerate it. Mor- 
phine alleviates the anxiety, fear, panic and 
suffering sensations that usually accompa- 
ny pain [ll. 

Morphine is usually administered paren- 
terally. There are also recently developed 
measures for morphine administration e.g. 
extradural or intrathecal injections. Paren- 
teral routes are afl painful and require spe- 
cial precautions and skill, which prevent 
good compliance to treatment 121. Oral 
morphine is also used but its effectiveness 
is hindered by the high hepatic extraction 
rate and the extensive first pass metabo- 
lism [31. 
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Local ocular ‘instillation of drugs is 
used for ophthalmic problems e.g. B- 
adrenergic blockers and pilocxpine in the 
treatment of glaucoma. Some of the drugs 
are associated with systemic side effects as 
a result of their systemic absorption [41. In 
fact, topically applied ophthalmic medica- 
tions can attain sufficient serum levels 
which can be linked to the intravenous 
rather the oral administration as they by- 
pass the first pass metabolism [5,61. 

The present study aimed to evaluate 
morphine systemic penetration, by describ- 
ing its pharmacokinetic parameters, after 
ocular instillation. The bioavailability of 
ocularly instilled morphine compared with 
intravenous administration was also inves- 
tigated. 

Material and Methods 

A-Muterials Used: 

l- Morphine sulphate (Misr Company, 
Cairo-Egypt). As small volumes were used 
for ocular instillation, it was prepared in 
high concentration (20 mglml.) 

2- Reagent Kits for Morphine Radio- 
lmmuno-Assay (Diagnostic product Cor- 
poration “D.P.C.“, California-U.S.A.). 

B- Study Design: 

Five healthy New Zealand Albino rab- 
bits were used to determine the pharma- 
cokinetic parameters and bioavailability of 
morphine after ocular instillation compared 
to intravenous administration. A cross-over 
design with eight-days wash-out period be- 
tween the ocular and the intravenous ad- 
ministration of morphine was used. 

C- Experimental Procedures. 

Animals were placed, each, in a re- 
straining cage un-anaesthetized as all ma- 
nipulations were painless. The marginal 

ear vein was cannulated for blood sam- 
pling, using an intravenous silicon catheter 
(Abboth) with a 22-gauge needle. Blood 
clotting inside the catheter was prevented 
by injecting sodium heparin (200 1U) into 
the catheter every hour. The other marginal 
vein was also cannulated for intravenous 
administration of morphine. 

Morphine in a total dose of 1 mg/kg 
body weight was locally instilled in the 
cul-de-sac of both eyes of the animal by 
means of micro-pipette (Eppendorf). The 
intravenous administration of morphine 
was through the marginal ear vein in a 
dose of 1 mg/kg body weight. It was fol- 
lowed by injection of 2 ml saline. 

Blood samples (2 ml) were collected at 
0, 5, 10, 20,40,60, 90, 120, and 180 min- 
ules after either intravenous or ocular ad- 
ministertion. Blood samples were left to 
stand for 10 minutes at room temperature 
and then centrifuged for 10 minutes at 
3000 rpm. Serum was collected and stored 
at -20°C until morphine concentration was 
determined. 

D-Assay Method: 

Serum concentration was determined 
by a solid phase 1125 radio-immuno-assay 
using kits from Diagnostic Product Corpo- 
ration (DPC). The intra and inter assay co- 
efficient of variation were 3.5% and 5.2%, 
respectively. 

E-Pharmacokinetic Calculations: 

The plasma concentration-time data 
were investigated using a two compart- 
ment model with first order kinetics. All 
calculations of pharmacokinetic parame- 
ters were based according to “Manual of 
Pharmacologic Calculations with Comput- 
er Programs” 171. 

For the pharmacokinetic purposes, a 
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first order reaction is simply described as 
follows: the morphine is in opposition to a 
system which can remove a definite pro- 
portion of it as substrate in unit time. It is 
assumed, thus, that morphine installed in 
the eye leaves the site at a rate proportional 
to its concentration there. The elimination 

equation would be as in equation (1). 

ah2 
- = k12M 
at (1) 

If we consider that M0 is the amount of 
morphine present at time t=O and it is equal 
to the dose administered D, then the equa- 
tion is solved as equation (2). 

M = M,.e -kI.Zt = D.e -kI.Zt (2) 

Equation 2 shows how much of the 
morphine has still not left the ocular site of 
instillation and so has not yet appeared in 
the blood. The quantity B which has al- 
ready passed into the blood is given by 
equation (3). 

B = MO-h4 = D-M = D (I-e‘k12t) (3) 

However, not all the morphine adminis- 
tered by ocular route is absorbed and this 
has to be accounted for in the calculations. 
If the fraction of the dose of morphine that 
is absorbed is F and the volume of distribu- 
tion is Vd; then the curve or equation of 
absorption which expresses concentration 
(Cl: the morphine serum concentration at 
time t) is as in equation (4). 

FD 
ct = - (I_e_kq (4) 

vd 

Since elimination occurs the moment 
morphine reaches the blood, equation 4 

alone can not describe the serum concen- 
tration of morphine. The rate of lost quanti- 
ties M and B of the morphine from the 
blood compartments and the blood concen- 

tration can be obtained by solving the fol- 
lowing two differential equations (5,6). 

CM 
- = k12M 
at 

(5) 

f3B 
- = +kI2M -K2oB 
dt 

(6) 

Solving equation 5 and 6 simultaneous- 

ly, we obtain equation (7). (M, = FD/Vd 
and B0 = 0). 

FD KI2 
Ct=- ~- 

vd ‘KI 2-Kz.i 
(e-k2*t-e-k& (7) 

This is called the Bateman Function. 
K12 is sometimes refered as K, and is 

called the rate constant for absorption and 
K20 is sometimes refered to as Ke and is 
called rate constant for elimination. 

Half-life (half-time) of elimination was 
calculated using equation (8) as follows: 

Ln2 
t1/2=- 

ke 
(8) 

Total plasma clearance (CLp) was cal- 
culated according to equation (9). 

CL,, (ml.min-1) = ke *V&ml) (9) 

Refering to equation 7, the concentra- 
tion of a drug in the serum at any time ap- 
pears to depend on at least four quantities. 
These are: the dose administered (D), the 
size of the volume of distribution (Vd), the 

rate constant of absorption (K,) and the 
rate constant of elimination (K,). The Vd 

and the K, of a drug are standard biologi- 
cal quantities for the individual person and 
remain constant except for biological vari- 
ations. Thus simplification of equation 7 

can be made by calculating the Area Under 
Curve (AUC) mathematically as the inte- 
gral between zero and infinity of equation 
7. This results in the disappearance of the 
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indices associated with absorption as in 
equation (10). 

FD I 
AUC=-.-- (10) 

vd K20 

It thus appears that the AUC is propor- 
tional to quantity of the substance with 
which the system is loaded (dose propor- 
tional). It is also independent of the time 
course of absorption of the dose which ac- 
tually appears in the blood i.e. independent 
from the form and rate of administration. If 
the same drug is given on two separate oc- 
casions each time by a different route; as in 
the present study (inkavenous, where ab- 
sorption is by definition complete and ocu- 
lar), then the agreement between the areas 
obtained is an index of the completeness of 
absorption by the one route to the other. 

Thus the bioavailability of ocularly in- 
stilled morphine in relation to that intrave- 
nously administered (F) was calculated ac- 
cording to equation (11). 

(N.B.: AUC is AUCo_,). 

AUC 
F= 

ocular *Div* looQ 
0 (11) 

AUCiv *Doculnr 

If morphine exhibits a biphasic concen- 
tration-time curve corresponding to distri- 
bution and elimination periods, this can be 
expressed as the following model: equation 

(12). 

Ct = A.e -at+B.e-8 (12) 

Where Ct is the morphine concentration 
in the serum at time t, A and B are zero in- 
tercepts of the data and c1 and B are the fast 
and slow first order rate constants, respec- 
tively. These are used to calculate the 
Mean Residence Time (MRT) for the cen- 
tral compartment (MRT,). MRT for the 
body (MRTb) and Mean Absorption Time 

(MAT) according to equations (13 and 14). 

Ala + B(fi 
MRTc = (13) 

A+B 

The MAT is calculated as follows: 

MAT = MRTa-MRTi, (14) 

MRT calculated after intravenous ad- 
ministration is the statistical moment ana- 
logue to the drug half-life. It provides a 
quantitative estimate of the persistence of a 
drug in the body. Comparison of the MRT 
after intravenous administration with MRT 
after ocular instillation provides informa- 
tion regarding the mean absorption time. 

Results 

Marked sedation was observed early af- 
tcr morphine administration, both through 
the ocular and the intravenous routes, and 
was maintained throughout the experiment. 
No signs of local or systemic toxicity of 
morphine; such as ocular irritation or res- 
piratory depression, were noticed during 
the observation time. 

The serum concentration of morphine 
was measured following the administration 
through the ocular route and the results are 
shown in Figure 1-A. This serum concen- 
tration curve shows shouldering near 40 
minutes after drug instillation in the eye. 
The mean serum concentration is shown in 
Fig. 1-B. These serum concentrations, 
when plotted on a semi-logarithmic plot 
was not a straight line. The curve is proba- 
bly the result of interaction of more than 
one compartment as in the Bateman Func- 
tion, where the rate of absorption and rate 
of elimination are superimposed. The com- 
bined effect of these two rates gave rise to 
a biphasic curve (Figs. 1-C and D); the 
first phase governed by both absorption, 



Pharmacokinetic Parameters of Morphine 199 

distribution, elimination and the latter by 
the elimination which is the slower of 
these processes. 

Pharmacokinetic parameters of mor- 
phine after ocular instillation are represent- 
ed in Table (1). 

Data after intravenous administration 
were available for only 4 rabbits. All intm- 
venous data and those about bioavaivlabili- 

ty are the result of the 4 rabbits. Fig. 2 
shows the plasma concentration of mor- 
phine after it is administered intravenously. 
Fig. 2-A shows the individual values for 
the four rabbits and Fig. 2-b shows the 
mean value of the plasma concentration. 
Using the log regression to plot the plasma 
values on a semi-logarithmic scale, the 
curve clearly shows to be biphasic repre- 
senting the interaction of distribution and 
elimination, the latter being the slower pro- 
cess. Table 2 shows the pharmacokinctic 

pammeters of morphine after its intrave- 
nous administration. 

The relative bioavailability of morphine 
after it is administered through the ocular 
route is expressed by the fraction absorbed 

relative to that administered intravenously. 
The intravenous route results in 100% bio- 
availability. Table 3 shows the F fraction 

for each rabbit and their mean and standard 
deviation. The first rabbit had no intrave- 

nous data and the F fraction could not be 
calculated. 

Fig. 3 shows the mean plasma concen- 
tration of morphine after ocular and intra- 
venous administration. 

The Mean Residence Time and Mean 
Absorption Time are shown in Table 4. 
The values A, a, B and B are shown in the 
table. The means of MRTb, MRTe and 
MRTt were not calculated because they 
were not used in further calculations. 

Table (1): Systemic Ph~lnnclcokinctics Data Obtained After Administration of 1 mg/kg of Morphine 
by tllc Oculw Koutc. 

Parameter 

Cm,, ng. ml-1 

tmax min 

AUS ml-1 min ng. 

AUS ml-l min 0-a ng. 

ka min-1 

k, min.1 

tl/2 min 

Animal 

1 2 3 4 5 Mean + SD 

170 92 100 140 11s 125.4 
f 29.88 

10 10 10 10 10 10 

7909.5 6782.5 7240 7950 9015 1119.4 
f 755.98 

11847.27 12385.95 9951.265 11261.11 13393.42 11169.01 
* 1145.94 

.x7 1 .4299 .I871 2084 .36Sl 2196 
+ .0989 

.0063 ,004s .0072 .0069 .OOs9 .CQ62 
+ .0009 

109.18 155.36 96.59 99.19 116.13 115.53 
+ 21.14 

Vd litcrs 28.31 38.38 28.53 27.83 21.65 30.14 
+ 4.13 

CLP ml. min- 1 119.74 1717.25 x4.11 193.30 164.21 182.65 
f 14.1 
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Table (2): Systemic Pharmacokinctics Data Obtained After intravenous Administration of 2 m&/kg of 
Morphine by the Ocular Route. 

Parameter 
Animal 

2 3 4 5 
Mean + SD 

tmax min 5 5 5 5 

AUS ng. ml-t min 8997.5 16708.13 1 17025.25 15207 

AUS O_~ ng. ml-l min 1540.683 8310.681 20203.633 17819.225 

k, min-1 

k, min-t 

h/z min 

vd liters 

CLP ml. mini-1 

330 

.004 1 0125 .009 1 .OlOO 

170.54 55.54 75.97 69.64 

36.64 12.20 14.59 15.76 

148.90 152.21 133.1s 156.81 

470 480 400 420 
k60.42 
5 
14484.47 
+_324 1.49 
17993.56 
k1624.15 

.0089 
+_0031 
92.92 
k45.42 

19.8 
+9.8 
147.77 
k8.89 

Table (3): The Relative Bioavailability of Morphine when Administered Through Ocular Route Ver- 
sus lntravenous Route (The Fraction of the Dose of Morphime Absorbed After Ocular Ad- 
ministration). 

Parameter 
Animal 

Mean + SD 
2 3 4 5 

Fraction absorbed by ocular ad- 
ministration (F) 79.19 54.38 55.74 75.16 66.12 + 11.16 

- 

The mean residence time and mean absorption time arc shown in tables 4 and 5. The 
values A, CL, B and 0 are shown in the tables. The means of the MRTb, MRI, and MRTt 
were not calculated because they were not used in further calculations. 



Table (4): Mean Residence Time (MRT) Values for Morphme After Intravenous and Ocular Administration, 

Intravenous administration Intravenous administration .____ 

Parameter Animal Mean t SD Animal Mean i SD 

2 3 4 5 1 2 3 4 5 

A 253.73 510.60 536.31 422.96 430.9 131.29 103.49 114.35 161.98 193.47 140.92 
k110.58 +_ 32.88. 

ix .0476 .0316 0384 .0279 .0364 b184 6197 6206 6254 b268 0222 
i.0075 + .0033 

B 54.59 163.99 137.05 126.94 120.64 70.64 52.10 70.09 71.87 72.32 67.40 
k40.47 k7.69 

B .0041 .0125 .0091 .0099 .0089 .0063 .0045 .0072 .0069 .0059 .0062 
+.0030 LOO9 

MRTb 180.18 53.31 69.55 65.70 118.14 168.7 1 106.08 104.84 120.50 
MRT, 60.47 43.4 43.11 50.88 90.86 108.18 82.87 71.81 73.284 

MRTt 119.70 9.91 26.44 14.82 27.27 60.53 23.20 33.03 7.22 

MAT = 34.57 + 9.74 
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Fig. (1 A): Plots of morphine plasma concentra- Fig. (1 R): Plots of morphine plasma concentra- 

tion versus time after administration tion versus time after administration 

through ocular route. through ocular route. 

0 20 40 60 80100120140 160 180 

TME (minutes) TME (minutes) 

Fig. (1 C): Log regression of morphine plasma Fig. (1 D): Log regression of morphine plasma 

concentration versus time after administra- concentration versus time after administra- 

tion through ocular route. tion through ocular route. 
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c 2 0 20 40 60 80 100120140160180 
1 

TME (minutes) 

Fig. (2 A): Plots of morphine plasma concentra- 
tion versus time after intravenous ad- 
minstration. 

2 

E TME (minutes) 

Fig. (2 C): Log regression of morphine plasma 
concentration versus time after intravenous 
administration. 
,” e 

2 0 20 40 60 80 100 120 140 160 1X0 
; 

z TME (minutes) 

2 0 20 40 60 80 100120 140160180 
a 

TME (minutes) 

Fig. (2 B): Plots of morphine plasma concentra- 
tion versus time after intravenous ad- 
minstration. 

* 
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!z 
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Fig. (2 D): Log regression of morphine plasma 
concentration versus time after intravenous 
administration. 

Fig. (3): Plot of mean morphine concentration 
versus time after ocular and intrave- 
nous administration. 
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Discussion 

Drugs are administered to the eye for 
their local effects, such as miosis, mydria- 
sis, anaesthesia or reduction of intra-ocular 
pressure. Systemic effects have been ob- 
served with some medications 181. On the 
other hand, the limitations associated with 
the parenteral and oral administration of 
morphine in patients who continuously 
need the medication lead to investigating 

-C ..Am:.r:nh-nt;,,n Thn nr~r~nt other ioiii% UI ~UIIIIIII~ULIVLI. I LIP pLbDvLnL 
work reports on the pharmacokinetics pro- 
file and the bioavailability of morphine af- 
ter ocular instillation in comparison with 
the intravenous (i.v.) route. 

In this work, ocular instillation of mor- 
phine, in a dose of 1 mg/kg onto rabbits, 
was followed by a rapid absorption 

(t ,nax=10 minutes), which was extensive 

(CnWi= 125.4f29.88 ng/ml). Comparing 
these findings with the corresponding val- 
ues reported by Chast et al. I21 in rabbits, 
showed that their t,nax (19.4~L1.7 minutes) 
was delayed and Cmax (94f23 ng/ml) was 
lower. However, both values appeared dif- 
ferent from the corresponding results 
found in humans after intramuscular injec- 
tion (tmax=15-30 minutes and &,x=56-84 
ng/ml) [IO]. Differences may be attributed 
to inter-species variability. In this work, 
serum morphine concentration ranged be- 
tween 125 and 25 ng/ml after ocular instil- 
lation. At the ,XU“U L“““) “““.,‘U”“‘, PQn-lP tin-II= rnticfnrtnrv a& 

gesia in cancer patients has been associated 
with plasma concentration of morphine as 
low as 16 ng/ml [II]. This would explain 
the marked sedation seen in animals early 
after ocular instillation and continued all 
through the experimental time and would 
suggest an associated analgesic effect. 

The pharmacokinetic profile showed 
shouldering of the concentration-time 
curve near 40 minutes after ocular instilla- 

tion (Figs. I-A and B). This could be ex- 
plained by the multiple anatomical sites of 
absorption of morphine after ocular instil- 
lation. Gerber et al. 1121 stated that any 
drug instilled into the eye will be distribut- 
ed into three ways namely, the nasoiacri- 
ma1 apparatus, the systemic circulation 
through the conjunctival and lid vascula- 
ture and it may penetrate the cornea. Nor- 
mally, nasolacrimal drainage accounts for 
most of the drug not absorbed by the cor- 
nea and it takes piace through nasal oroph- 
aryngeal and gastro-intestinal mucosal cap- 
illaries 15,121. Although systemic absorption 
through conjunctival and lid vessels is 
quite small under normal conditions, yet it 
has been shown experimentaIy to account 
for 80% of the instilled drug when nasolac- 
rimal drainage is blocked 1131. For a drug 
to ~%I&%~ the CO~~CXYi, It EtS! pX3S 

through its complex structure and must ex- 
hibit biphasic solubility [14]. Being an al- 
kaloid, morphine might fulfil1 the concept 
of biphasic or differential solubility charac- 
teristics and penetrated easily the cornea 
like pilocarpine and homatropine t41. 
Thereafter it is either be drained with the 
aquous humour or absorbed through the 
uveal blood vessels 181. 

The present results showed a biphasic 
nature of the serum-concentration curve af- 
ter i.v. administratration of morphine in a 
dose of 1 mg/ml (Figs. 2-C and D). This 
might suggest that morphine is distributed 
sufficiently slowly so that a significant 
fraction of the drug was eliminated before 
distribution equilibrium was achieved. 

The volume of distribution of morphine 
after both ocular and i.v. administration 
was relatively large; 30.14~L4.13 and 
19.8k9.8 liters respectively. This large vol- 
ume of distribution is an indication that 
morphine was extensively uptaken by the 
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animal’s tissues. This coincides with the 
findings reported in humans by Stanski et 
al. 1101. 

The present study showed that, the 
half-life (t1/2) of ocularly instilled mor- 
phine was comparable to that after i.v. ad- 
ministration (115k21.14 and 92.92k45.42 

_ minutes respectively). These relatively 
long elimination half-lives might be due to 
the large volume of distribution, which 
means that the serum concentration is low 
relative to the total amount of the drug 
present in the body. These data were long- 
er than those reported by Catlin 1141 and 
Chast et al. 121. The variabilty in results 
could be due to differences in liver blood 
flow, in the view of the limited elimination 
of morphine at non-hepatic sites [XI. 

As the bioavailability of a drug is a 
function of both rate and extent of absorp- 
tion, rapid and complete absorption is an 
advantage for drugs used in acute and/or 
conditions such as severe pain. It will be 
particularly useful if self-administration is 
possible. In the present work, the eye was a 
suggested route of administration of mor- 
phine for systemic analgesic effect. The 
fraction of the dose of morphine that actu- 
ally reached the blood after ocular instilla- 
tion of 1 mg/kg was found to be 66% in 
comparison to 100% after i.v. administra- 
tion of the same dose. On the other hand, 
value of 25% bioavailability of morphine 
after oral analgesic dose was previously re- 
ported [31. 

The Mean Residence Time (MRT) after 
i.v. administration provides a useful esti- 
mate of the persistence of the drug in the 
body. The role of absorption of morphine 
after ocular instillation was estimated, 
based on difference in MRT after i.v. 
and ocular administration. The Mean Ab- 
sorption Time (MAT) was found to be 

34.57k9.74 minutes. This value suggested 
that ocular absorption of morphine seemed 
to be achieved more rapidly than after in- 
tramuscular injection estimated by Stanski 
et al. 1101. 

The MRT for the central compartment 
(MRTc) was longer after ocular instillation 
than after iv. administration. This finding 
would suggest a prolonged higher serum 
concentration of morphine after ocular in- 
stillation. From the clinical point of view, 
this may suggest that the mean duration of 
the systemic pharmacologic effect of mor- 
phine is prolonged when given through the 
ocular route than if given i.v. These find- 
ings confirm those reported by Chast et al. 
I21. 

On conclusion, morphine was rapidly 
absorbed after ocular instillation in rabbits. 
The estimated serum levels attained corre- 
sponded to those effective for its analgesic 
effect. Moreover, ocular instillation of 
morphine provided about 66% bioavaila- 
bility with prolonged high serum concen- 
trations and systemic pharmacologic ef- 
fects. It might bc suggested that morphine 
could be instilled ocularly for its analgesic 
effect and it would be a convenient route 
of adminsitration rather than both parenter- 
al and oral ones. To confirm these find- 
ings, further clinical studies on human sub- 
jects might be required. 

l- 

2- 

3- 

References 

YAKSH, T.L.: Cancer Surv., 7: 55, 1988. 

CHAST, F.; BARDIN, C.; SAUVAGEON- 
MATRE, H.; CALLAERT, S. and CHAU- 

MEIL, J.C.: Pharm. Sci., 80:911, 1991. 

JAFFE, J.H. and MARTIN, W.R.: “Opioid 

Analgesics and Antagonists” In: Goodman 

and Gilman’s The Pharmacological Basis of 

Theraputics. Eighth Edition. Gilman, A.G.; 



206 Amany I. El-Brairy, et al. 

4- 

5- 
_ 

6- 

I- 

u- 

9- 

Rail, T.W.; Nies, A. and Taylor, P. (Eds.) 

Pergamon Press, New York. pp: 485, 1991. 

BARTLETT, J.D. and JAANUS, S.D: “Fun- 

damental Concepts In Ocular Pharmacolo- 

gy” In: Clinical Ocular Pharmacology. But- 

terworth Pub., Boston. pp:17, 1984. 

SHELL, J.W.: Surv. Ophthalmol., 24:207, 

1982. 

BERGGREN, L.: ACTA Ophathalmol., 

68:497, 1990. 

TALLORIDA, R.J. and MURRAY, R.B. 

(Eds.): In: Manual of Pharmacologic Calcu- 

lations with Computer Programs. Springer, 

Verlag, N.T. Ins, 1987. 

HAVENER, W.H. (Ed.): In: Ocular Pharma- 

cology. 5th Edition. The C.V. Mosby Co., 

Saint Louis, 1983. 

BRUNK, S.F. and DELLE. M.: Clin. Phar- 

macol. Ther., 165 1, 1974. 

IO- STANSKI, D.R.; GREENBLATT, D.J. and 

LOWENSTEIN, E.: Clin. Pharmacol. Ther., 

24152, 1978. 

II- NEUMANN, P. B.; HENRIKSEN, H.; 

GROSMAN, N. and CHRISTENSEN, 

C.B.: Pain, 13:247, 1982. 

12. GERBER, S.L.; CANTOR, L.B. & BRAT- 

ER, D.C.: Surg. Ophthalmol., 35:205, 1990. 

13- PATTON. T.F. and ROBINSON, J.R.: J. 

Pharm. Sci., 65:1295, 1976. 

14- CATLIN. D.H.: J. Pharmacol. Exp. Ther.. 

200:224,1977. 

15 CARL, C. and HUG JR, C.C.: “Pharmacok- 

inetics and Dynamics of Narcotic Analge- 

sics” In: Pharmacokinetics of Anaesthesia 

Prys-Roberts, C. and Hug J.R., C.C. (Eds.) 

Blackwell Scientific Pub., Oxford. pp: 187, 

1984. 


