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Efecto hipotensor intraocular y acción sobre la 
dinámica del humor acuoso de a-ergocriptina en 
conejos normotensos y con hipertensión ocular 

inducida por a-quimiotripsina
Intraocular hypotensive effect and action on aqueous humor dynamics of α-ergocryptine 

in ocular normotensive and in α-chymotrypsin-induced ocular hypertensive rabbits

Gustavo Purasa, Virgilio Bocanegra Garcíab, Gildardo Riverab

aDepartamento de Farmacología, UAM de Ciencias de la Salud y Tecnología, 
Universidad Autónoma de Tamaulipas

bDepartamento de Farmacia y Química Medicinal, UAM Reynosa-Aztlán, 
Universidad Autónoma de Tamaulipas

Resumen
El objetivo del presente trabajo fue comparar el efecto de la α-ergocriptina sobre la presión intraocular (PIO) y la dinámica 
del humor acuoso (DHA) en conejos normotensos y con hipertensión ocular inducida por α-quimotripsina. Nuestros datos 
sugieren que la α-ergocriptina disminuye  la salida del humor acuoso y con  mayor intensidad la velocidad de formación del 
mismo, lo cual explica el efecto final sobre la presión intraocular en conejos normotensos y con hipertensión ocular induci-
da por α-quimotripsina. La disminución observada en la formación del humor acuoso después de la aplicación tópica de la 
α-ergocriptina en conejos con hipertensión ocular inducida por α-quimotripsina sólo puede explicarse a través de  marcada 
inhibición de los componentes involucrados en la secreción activa del humor acuoso, ya que los procesos pasivos, probable-
mente pueden haber sido  modificados después de la inyección de α-quimotripsina.

Abstract
The aim of the present work was to compare the effect of α-ergocryptine on the intraocular pressure (IOP) and aqueous humor (AH) 
dynamics in ocular normotensive and α-chymotrypsin-induced ocular hypertensive rabbits. Our data suggest that α-ergocryptine 
decreases both tonographic outflow facility and, to a greater extent, AH inflow, which explains the final effect in ocular normo-
tensive and in α-chymotrypsin-induced ocular hypertensive rabbits. Reductions in AH inflow observed after topical application 
of α-ergocryptine in α-chymotrypsin-induced ocular hypertensive rabbits can only be explained by a marked inhibition of acti-
ve secretion of AH, since processes involved in AH formation, may be probably altered after α-chymotrypsin injection.
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Introduction
Glaucoma is characterized by progressive atrophy of the optic 
nerve head associated with visual field loss. The most prevalent 
form of this disease is chronic open-angle glaucoma, which is 
estimated to affect about 45 million people by the year 2010 and 
59 million people by the year 20201. In view of the magnitude 
of glaucoma problem and the paucity of drugs available to treat 
it, new antiglaucoma agents seem to be needed.

First evidence for the intraocular pressure-lowering effect of 
ergot-derivatives was mainly obtained by using Hydergine®, a 
combination of dihydroergocryptine, dihydroergocornine and 
dihydroergocristine methanesulfonates, both in rabbits2-5 and 
men3,6,7. Subsequently, ergoline derivatives with a predominant 
dopaminergic activity, such as bromocryptine, lergotrile, per-
golide, cianergolide and lisuride have been shown to lower IOP 
in a dose-related fashion in rabbits, monkeys and men8-13.

It has been reported that the topical application of the ergot 
derivative dihydroergocrystine dose-dependently reduces IOP 
in both ocular normotensive14 and hypertensive rabbits15. Ad-
ditionally, we reported that topical application of natural ergot 
alkaloids lowered IOP in ocular normotensive rabbits and in 
a-chymotrypsin-induced ocular hypertensive rabbits, in a dose-
related fashion16-18. The long-term ocular hypertension induced 
by a-chymotrypsin in albino rabbits may be secondary to an in-
crease in the rate of AH inflow, likely produced by a breakdown 
of the blood-aqueous barrier19.

In order to further explore the ocular action of ergot derivatives 
we compare in this study the effect of a-ergocryptine on the IOP 
and AH dynamics in ocular normotensive and a-chymotrypsin-
induced ocular hypertensive rabbits, considering that proces-
ses involved in AH formation, may be probably altered after 
a-chymotrypsin injection.

Material and methods
a-ergocryptine was obtained from RBI (Poole, UK), and tetra-
caine hydrochloride and olive oil from Sigma Chemical Co. (St. 
Louis, Mo., USA). Ketamine hydrochloride and acepromazine 
maleate came from Rhône Mérieux (Lyon, France) and SmithKli-
ne Beecham (Madrid, Spain), respectively. a-chymotrypsin was 
purchased from Laboratorios Cusí S.A. (Barcelona, Spain).

Experimental protocols
Animals
Experiments were carried out in adult albino New Zealand 
rabbits, weighting 3-4 kg, which were previously trained to be 

handled and restrained in boxes in the laboratory environment. 
This study conformed to the ARVO Statement for the Use of 
Animal in Ophthalmic and Visual Research.

Induction of ocular hypertension
Ocular hypertension was induced in the left eye of 18 albi-
no rabbits as previously described [19]. Briefly, animals were 
anesthetized with intramuscular ketamine hydrochloride (40 
mg/kg) and acepromazine maleate (0.1 mg/kg). Under topical 
anesthesia with tetracaine hydrochloride (1.66 × 10-2 M), left 
eyes were treated by injection (syringes Micro-Fine, 29G 

Χ 
1/2, 

Becton Dickinson, Dublin, Ireland) into the posterior chamber 
of 60 units of a-chymotrypsin dissolved in 0.2 ml saline. To 
avoid efflux of AH and a-chymotrypsin through the injection 
hole, the syringe was kept for two minutes in the eye before 
being removed. Only animals exhibiting IOP above 25 mmHg 
29 days after a-chymotrypsin injection (13 out of 18 treated 
rabbits) were included in this study.

Measurement of IOP and AH dynamics
IOP measurements and tonographies were done using a Mentor 
Model 30 classic pneumatonograph (Norwell, MA., USA) that 
was calibrated by direct manometry in anesthetized rabbits. The 
reliability of the IOP readings in a-chymotrypsin-treated eyes 
was also checked by direct manometry.

Tonographies were performed by attaching a 10 g weight to the 
pneumatic plunger according to the manufacturer instructions. 
The coefficient of outflow facility was calculated from Grant’s 
equation C = ∆V/∆P × T, where ∆V is the fluid volume lost in 
T minutes and ∆P is the average IOP elevation induced during 
the test. ∆V was evaluated using the pressure-volume relation of 
living rabbit eyes published by Eisenlohr and Langham20. The 
rate of AH inflow was estimated according to the Goldmann’s 
equation F = C (P

0
 - P

ev
), where F is the rate of AH inflow, C 

is the tonographic facility of AH outflow, P
0
 is the IOP and P

ev is the episcleral venous pressure. A value of 9 mmHg was esti-
mated for episcleral venous pressure21.

Effects of a-ergocryptine
To assess the effect of topical a-ergocryptine on IOP, the fo-
llowing concentrations were used in ocular normotensive rabbits: 
3.7 × 10-4 M, 1.5 × 10-3 M, 3.0 × 10-3 M, 6.0 × 10-3 M, 9.0 × 10-3 
M, 1.2 × 10-2 M and 1.8 × 10-2 M. In a-chymotrypsin induced 
ocular hypertensive rabbits, we used the following concentra-
tions of a-ergocryptine: 3.7 × 10-4 M, 7.5 × 10-4 M,  1.5 × 10-3 
M, 6.0 × 10-3 M, 9.0 × 10-3 M, 1.2 × 10-2 M and 1.8 × 10-2 M. 
Drugs were dissolved in olive oil. At least 10 days lapsed between 
treatments for a washout period on individual rabbits.

To avoid any bearing of circadian variations of the IOP on the 
results, tonometries were always started at the same time of the 
day (9 am). For each application, one 50 µl drop of the drug 
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Results are expressed as mean ± SEM. Data were compared 
by two-tailed Student ś t-test. P values < 0.05 were considered 
statistically significant. 

Results
Induction of ocular hypertension
a-chymotrypsin injection caused a statistically significant rise in 
the IOP in the treated eye from the first day of treatment (data 
not shown). No statistically significant changes in the IOP from 
zero time were observed in the untreated eye (right eye).

Circadian and vehicle-induced changes
in ocular hypertensive eyes
There was no statistically significant difference between control 
group (untreated group) and vehicle treated group at any time for 
ocular normotensive and hypertensive rabbits, suggesting that the 
vehicle (olive oil) does not affect IOP (data not shown). A signifi-
cant reduction in IOP was observed in both untreated and vehi-
cle treated eyes from 2 to 5 h in a-chymotrypsin induced ocular 
hypertensive rabbits. In ocular normotensive rabbits a significant 
reduction in IOP was observed in both untreated and vehicle 
treated eyes from the 1 st to the 6 th hour (data not shown).

Effect of a-ergocryptine on IOP in ocular
normotensive rabbits
Topical a-ergocryptine application produced a dose-dependent 
decrease IOP in the treated eye that was significantly greater 

solution was instilled in the middle of the cul-de-sac of the 
left eye (treated eye) followed by lid closure. Baseline IOP was 
measured in both eyes before instillation (zero time) and this 
value was considered as starting pressure. For the analysis of the 
time-course of the effect, IOP was recorded in both eyes at 30 
min intervals during the first four hours after drug application, 
and at 7, 8, 9 and 24 hours postdrug. IOP in right (untreated) 
eyes was determined to detect contralateral effects. To study the 
possible effect of the drug vehicle on IOP, the same time sche-
dule of IOP measurements was performed in a group of 10 and 
20 ocular hypertensive and normotensive rabbits receiving one 
50 µl drop of the drug vehicle (olive oil). Circadian changes in 
IOP were assessed in a group of 10 and 59 ocular hypertensive 
and normotensive rabbits without any treatment (control group) 
following the same time schedule of IOP determinations.

For the tonographic measurements, rabbits were anaesthetized 
as described above. Each set of tonographic experiments (control 
group, a-ergocriptine) was carried out in a group of 10 ocular 
normotensive and hypertensive rabbits. Drugs were adminis-
trated at 9.0 × 10-3 M concentration. In order to minimize any 
influence of diurnal variations of the IOP on the results, tono-
graphies were always started at the same time of the day (9.00 
am). IOP was measured again at the maximum effect time after 
a-ergocryptine administration (3.0 h for ocular hypertensive and 
normotensive rabbits). Then rabbits were immediately anaesthe-
tized. IOP was determined after 15 min and one 50 µl drop of 
tetracaine hydrochloride (1.66 × 10-2 M) was instilled into the 
rabbit left eye to prevent possible discomfort during tonography. 
Thereafter, two-minute tonographies were performed in the left 
eye (treated eye) of ocular normotensive and hypertensive rabbit. 
At least 15 days lapsed between treatments for a washout period 
on individual rabbits.

Analysis of data
For the analysis of the dose-response relationship, the maximum 
decrease in the IOP (difference between the maximum decrea-
se of the IOP in the control group and the maximum decrease 
of the IOP caused by the a-ergocryptine administration at co-
rresponding time points) in each rabbit was considered as the 
drug effect, independently of the time. Concentration-response 
curves were fitted using a nonlinear method (Graph Pad Prism 
5.0) based on the following equation:

Where Y is the drug effect, X is the logarithm of drug concen-
tration, A is the starting pressure, B is the peak response, log 
ED

50
 is the logarithm of drug concentration that produces half 

the maximum response and m is the slope factor.

B - A
1 + 10 [(log ED50-X) x m]

Y= Figure 1. Effect of topical a-ergocryptine on IOP in ocular 
normotensive rabbits. Each point represents the mean ± S.E.M 
of 10 individual determinations. Vehicle treated group (Ο); 
groups treated with a-ergocryptine: 3.7 × 10-4 M (  ), 1.5 × 10-3 
M (▲), 3.0 × 10-3 M (◊), 6.0 × 10-3 M (n), 9.0 × 10-3 M (•), 1.2 × 
10-2 M (∆), 1.8× 10-2 M (∇).Values significantly different from 
that of the control group at the corresponding time points by 
unpaired Student t-test: aP < 0.05; bP < 0.01; cP < 0.001.
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than that observed in the control group at concentrations higher 
than 1.5 × 10-3 M for ocular normotensive rabbits (Figure 1). At 
lower concentrations, although dose-related decreases IOP were 
observed, statistical significance was not reached probably due 
to the dispersion of the experimental data. At concentrations 
higher than 6.0 × 10-3 M, a significant decrease IOP was still 
noted at 7-8 hours post drug. Topical a-ergocryptine, only dis-
played a significant effect on IOP of the contralateral, untreated 
eye, with some of the higher concentrations used. Such an effect 
on IOP in the contralateral eye showed high variability and was 
not clearly dose-dependent (data not shown).

The maximum IOP lowering effect (Emax) of the different doses 
of a-ergocryptine in ocular normotensive rabbits are shown in 
Table 1. The maximum decrease in the IOP (difference between 
control group and a-ergocryptine administration at correspond-
ing time points) in each rabbit was considered as the drug effect, 
independently of the time. The calculated parameters for the 
log concentration-response curve for the IOP lowering effect of 
a-ergocryptine in ocular normotensive rabbits (Figure 2) were: 
Emax = 6.14 ± 3.36 mmHg; logEC50 = -2.42 ± 0.71; EC50 = 3.74 
× 10-3 M; and slope = 0.78 ± 0.52.

Effect of a- ergocryptine on AH dynamics
in ocular normotensive rabbits
The effects of a-ergocryptine, on both AH outflow facili-
ty and calculated AH inflow in ocular normotensive and in 
a-chymotrypsin induced ocular hypertensive rabbits are shown 
in Table 2. A significant reduction was observed in rabbits re-
ceiving a-ergocryptine (9.0 × 10-3 M) at 3.0 hours post drug 
administration, when compared with the untreated group. An 

important significant reduction both in the AH outflow facility 
and AH inflow rate was found as compared with the untreated 
group after a-ergocryptine application.

Effect of a-ergocryptine on IOP in
a-chymotrypsin induced ocular hypertensive rabbits
Topical a-ergocryptine produced a dose-dependent decrease IOP 
in the a-chymotrypsin-induced ocular hypertensive eye that was 
significantly greater than that observed in the vehicle-treated 
group at concentrations higher than 6.0 × 10-3 M (Figure 3).

The maximum antihypertensive effect for each concentration 
is represented in Table 3. Each value represents the differ-
ence between the maximum decrease of the IOP in the control 
group and the maximum decrease of the IOP caused by the 
a-ergocryptine administration in the a-chymotrypsin indu-
ced ocular hypertensive group at corresponding time points. 
The calculated parameters for the log concentration-response 
curve for the IOP lowering effect of a-ergocryptine in ocular 
hypertensive eyes (Figure 2) were: Emax  = 5.33 ± 1.66 mmHg; 
log ED50 = -3.05 ± 0.43 M; ED50 = 8.70 × 10-4 M; and slope = 
0.81 ± 0.72.

Table 1. The maximum intraocular pressure 
lowering effect (Emax) of the different doses of 

a-ergocryptine in ocular normotensive rabbits
Concentration (M) a-ergocryptine

Emax (X±SEM)

N

3.7 × 10-4 -0.65 ± 0.40 10
1.5 × 10-3 -2.02 ± 0.50 10
3.0 × 10-3 -3.28 ± 0.58 10
6.0 × 10-3 -3.42 ± 0.50 10
9.0 × 10-3 -3.86 ± 0.85 10
1.2 × 10-2 -4.11 ± 0.25 10
1.8 × 10-2 -5.10 ± 1.18 10

Data represent the mean ± SEM of 10 individual measurements.
The maximum decreases in the IOP was calculated as the dif-
ference between the maximum decrease of the IOP in the con-
trol group and the maximum decrease of the IOP caused by the 
a-ergocrystine administration at corresponding time points in 
each rabbit, independently of the time.

Figure 2. Log concentration-response curves for the intraocular 
pressure-lowering effect of a-ergocryptine in a-chymotrypsin-
induced ocular hy pertensive rabbits (Ο) and in ocular 
normotensive eyes (•). Plotted values are the maximum 
decrease in IOP after a-ergocryptine instillation with respect 
to the vehicle-treated group. Each point represents the mean ± 
S.E.M of 10 individual determinations. EC50 values for ocular 
normotensive and hypertensive rabbits were 3.74 × 10-3M and 
8.70 × 10-4M respectively.



Volumen 40 • Número 4 • Octubre - Diciembre 2009

26

significantly decreased both the tonographic AH outflow faci-
lity and to a gretaer extent, the calculated value for AH inflow 
when compared to the control group (Table 2).

Discussion
In this study, we compare the ocular effect on IOP and AH 
dynamic of topical a-ergocryptine in ocular normotensive and 
a-chymotrypsin induced ocular hypertensive rabbits, in order 
to further explore the ocular actions of this compound. Topi-
cal application of a-ergocryptine was found to lower intraocular 
pressure in a dose-related fashion in ocular normotensive and in 
a-chymotrypsin induced hypertensive rabbits. The reductions in 
IOP produced by topical administration of a-ergocryptine was 
significantly higher than that observed in untreated (control group) 
and vehicle-treated group in ocular normotensive and hypertensive 
eyes, suggesting that it was not due to changes in baseline IOP 
caused by repeated measurements. Such a decrease on IOP in un-
treated and vehicle-treated eyes observed in both groups (normo-
tensive and hypertensive rabbits) is likely to reflect the existence 
of the well-established circadian rhythm of IOP in rabbits22. The 
drug vehicle (olive oil) showed no significant effect on IOP. Fur-
thermore, significant effects of a-ergocryptine on the contralateral, 
untreated eyes of the rabbits were only observed with the higher 
concentrations of this compound, which indicates that systemic 
actions only play a minor role in the ocular hypotensive actions of 
a-ergocryptine in ocular normotensive and hypertensive rabbits. 

It has previously been reported that topical application of the 
ergot derivative dihydroergocristine dose-dependently reduces 
IOP in both ocular normotensive and a-chymotrypsin-induced 
ocular hypertensive rabbits14,15. In ocular normotensive rabbits, 

Effect of a-ergocryptine on AH dynamics in
a-chymotrypsin induced ocular hypertensive rabbits
The effects of a-ergocryptine on both AH outflow facility and 
calculated AH inflow in a-chymotrypsin-induced ocular hy-
pertensive eyes are shown in Table 2. When compared with the 
control group (untreated), the IOP was lowered following topical 
application of equimolar doses (9.0 × 10-3 M). a-ergocryptine 

Table 2. Effects of a-ergocryptine on IOP and AH dynamics in ocular normotensive 
and in a- chymotrypsin induced ocular hypertensive rabbits

Normotensive rabbits Control group a-ergocryptine
group

Hypertensive rabbits Control group a-ergocryptine
group

Baseline IOP 20.7 ± 0.7 19.4. ± 0.5 Baseline IOP 35.0 ± 0.1 34.2 ± 3.5

∆IOP post-drug
(mmHg)

-2.3 ± 0.6 -3.8 ± 0.5a ∆IOP post-drug
(mmHg)

-0.2 ± 0.7 -2.9 ± 0.9

∆IOP
postanaesthesia
(mmHg)

-3.9 ± 0.5 -6.5 ± 1.0a ∆IOP
postanaesthesia
(mmHg)

-7.1 ± 0.7 -9.6 ± 1.9

AH outflow facility
(µl/min/mmHg)

0.38 ±  0.05 0.19  ±  0.03c AH outflow facility
(µl/min/mmHg)

0.25 ± 0.04  0.11 ± 0.03a

Calculated  AH
inflow  (µl/min)

2.93 ± 0.36  1.20 ± 0.40c Calculated  AH
inflow  (µl/min)

4.90 ± 1.02 1.81 ± 0.53b

a-ergocryptine was topically applied at 9.0 × 10-3 M concentration. ∆IOP = difference from baseline IOP.
Data represent the mean ± SEM of 10 individual measurements. Values significantly different from that of the control group (untreated) by
unpaired Student t-test: aP < 0.05; bP < 0.01; cP < 0.001.

Figure 3. Effect of topical a-ergocryptine on IOP in 
a-chy mot r y psin-induced ocu la r hy per tensive eyes. 
Each point represents the mean ± SEM of 10 individual 
determinations. Vehicle-treated group (Ο); groups treated 
with a-ergocryptine: 3.7 × 10-4 M (n), 7.5 × 10-4 M (t), 1.5 
× 10-3 M (▲), 6.0 × 10-3 M (u), 9.0 × 10-3 M (•), 1.2 × 10-2 M 
(∆), 1.8× 10-2 M (∇). Values significantly different from that 
of the control group at corresponding time points by unpaired 
Student t-test: aP < 0.05; bP < 0.01.
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topical dihydroergocristine showed an intraocular pressure-
lowering efficacy and potency greater than that of two well-
known antiglaucoma drugs such as timolol and pilocarpine14. 
In a-chymotrypsin-induced ocular hypertensive rabbits, topical 
dihydroergocristine lowered IOP with a similar potency, meas-
ured by EC50, although the maximum effect was lower. Interest-
ing, in this study, we have observed that topical administration 
of a-ergocryptine in ocular normotensive rabbits showed an in-
traocular pressure-lowering effect greater than that oberserved in 
a-chymotrypsin-induced ocular hypertensive rabbits, however, 
topical administraton of a-ergocryptine showed a greater po-
tency, measured by EC50, in ocular hypertensive rabbits than in 
ocular normotensive ones (Figure 2). The differences observed in 
the IOP lowering effect and potency after topical application of 
a-ergocryptine in ocular normotensive and in a-chymotrypsin-
induced ocular hypertensive rabbits suggest that the characteris-
tics of the animal model used for ocular hypertension influences 
on the ocular hypotensive action of the drug15.

Since a-ergocryptine have a complex pharmacological profile 
that includes a1-adrenoreceptor blocking and a2-adrenoreceptor 
agonist activity, and either agonist or antagonist activity on do-
pamine and serotonin receptors23 their effect on IOP is difficult 
to interpret. Selective blockade of a1-adrenoreceptor and activa-
tion of a2-adrenoreceptors are known to lower both IOP and AH 
inflow in rabbits24,25. In this regard, it has been reported26 that 
dihydroergocryptine binds to a-adrenoreceptors in the rabbit 
ciliary body that seem to be predominantly of the a

2
-type. This 

could explain the great intraocular pressure lowering effect of 
dihydroergo alkaloids such as dihydroergocrystine.

Tonographic studies revealed that a-ergocryptine decreased 
dramatically both AH outflow facility and, to a great extent, 
AH inflow in ocular normotensive rabbits (Table 2). Similarly 
to ocular normotensive rabbits27,28 a significant correlation exists 
between outflow facility values in a-chymotrypsin-induced ocular 
hypertensive rabbits as determined by tonography and constant 
pressure perfusion19, which indicates that accurate measure-
ments of outflow facility can be obtained in this animal model 
of ocular hypertension by tonographic technique. Tonographic 
outflow facility and, to a great extent, AH inflow were also de-
creased in a-chymotrypsin-induced ocular hypertensive rabbits 
following topical application of a-ergocryptine. Taken together, 
these data suggest that the intraocular pressure-lowering effect of 
a-ergocryptine in ocular normotensive and in a-chymotrypsin-
induced ocular hypertensive rabbits is likely due to a greater re-
duction in AH inflow than calculated AH outflow facility.

When compared to data previously obtained in our labo-
ratory using ocular normotensive rabbits14, both the tono-
graphic AH outf low facility (0.7-fold decreased) and the 
calculated AH inflow (1.7-fold increased) appear to be altered 
in a-chymotrypsin-treated eyes. This supports our hypothesis 
that ocular hypertension in rabbits following intracameral in-
jection of a-chymotrypsin cannot be solely ascribed to a reduc-
tion in the tonographic AH outflow facility. The greater protein 
concentration in AH found in a-chymotrypsin-induced ocular 
hypertensive eyes would suggest a breakdown of the blood-
aqueous barrier after a-chymotrypsin treatment. Further-
more, since blood-aqueous barrier seems to be damaged after 
a-chymotrypsin injection19, reductions in AH inflow observed 
after topical application of a-ergocryptine can only be explai-
ned by a marked inhibition of active secretion of AH. Passive 
processes, probably altered after a-chymotrypsin injection, are 
unlikely to be affected by a-ergocryptine.

 Since activation of both a1 
29 and a2 

30 adrenergic receptors in-
creases intracellular calcium concentration in rabbit ciliary epi-
thelium, blockade of these adrenoreceptors by a-ergocryptine 
could reduce intracellular calcium concentration. a-ergocryptine 
could in turn decrease the activity of both Na+K+2Cl- contrans-
porter and Na+K+-ATPase, which are regulated by intracellular 
calcium concentration31, and therefore reduce the active secre-
tion of aqueous humor in a-chymotrypsin induced ocular hy-
pertensive rabbits.

Dopamine receptors D1 and D2 appear to play a role in the re-
gulation of intraocular pressure in rabbits32. Whereas activation 
of D1 dopamine receptors has been generally shown to raise IOP 
likely by increasing AH production33, D2 agonists have been 
found to lower IOP by reducing AH inflow34,35. It has been 
reported in humans that nonpigmented epithelial cells posses 
dopamine D1 receptors linked to Na+K+2Cl- co transporter in-
volved in the AH formation [36]. So, a blockade of D1 receptors 

Table 3. The maximum IOP lowering effect 
(Emax) of the different doses of a-ergocryptine 

in a-chymotrypsin-induced ocular 
hypertensive eyes

Concentration (M) a-ergocryptine
Emax (X±SEM)

N

3.7 × 10-4 -1.71 ± 0.65 10
7.5 × 10-4 -2.69 ± 0.77 10
1.5 × 10-3 -3.06 ± 0.6 10
6.0 × 10-3 -4.70 ± 0.98 10
9.0 × 10-3 -4.47 ± 0.51 10
1.2 × 10-2 -4.59 ± 0.95 10
1.8 × 10-2 -5.04 ± 0.90 10

Data represent the mean ± SEM of 10 individual measure-
ments.The maximum decreases in the IOP was calculated as 
the difference between the maximum decrease of the IOP in 
the control group of the a-chymotrypsin-induced ocular hy-
pertensive eyes and the maximum decrease of the IOP caused 
by the a-ergocryptine administration at corresponding time 
points in each rabbit, independently of the time.
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linked to Na+K+2Cl- co transporter after topical application of 
natural ergot alkaloids could reduce the active secretion of AH 
in a-chymotrypsin induced ocular hypertensive rabbits.

It is clear that an agonist or antagonist activity of a-ergocryptine 
at serotonin receptors may also contribute to their intraocular 
pressure-lowering effect; however there have been conflicting 
reports on the effect of 5-HT and various 5-HT receptor lig-
ands on IOP in the rabbits, monkeys, and humans, probably 
due to species differences, route of administration, or the lack of 
5-HT receptor selectivity of the agents evaluated. At least two 
types of these receptors appear to exist in the rabbit iris-ciliary 
processes, i.e. 5-HT1A and 5-HT

7 
37,38, and hence may regulate 

the AH secretion. Topical applications of 5-HT1A agonists have 
been reported to lower IOP in rabbits39-41 and topical applica-
tions of 5-HT2A antagonists have been reported to lower IOP 
in monkeys42 and rabbits43, although the mechanisms of their 
ocular hypotensive effects remain to be elucidated.

Conclusions
In summary, a-ergocryptine was found to have a greater in-
traocular pressure-lowering effect in ocular normotensive than 
in ocular hypertensive rabbits, however, topical administration of 
a-ergocryptine in a-chymotrypsin-induced ocular hypertensive 
rabbits showed potency, measured by EC50, greater than that ob-
served in ocular normotensive rabbits. The differences observed in 
the efficay and potency after topical application of a-ergocryptine 
in ocular normotensive and in a-chymotrypsin-induced ocular 
hypertensive rabbits suggest that the characteristics of the ani-
mal model used for ocular hypertension influences on the ocular 
hypotensive effect of the drug. a-ergocryptine decrease both tono-
graphic outflow facility and, to a greater extent, aqueous humor 
inflow, which explains the final effect in ocular normotensive and 
hypertensive rabbits. Reductions observed in a-chymotrypsin 
induced ocular hypertensive rabbits in AH inflow after topical 
application of a-ergocryptine can only be explained by a marked 
inhibition of active secretion of AH, since passive processes in-
volved in AH formation, may be affected after a-chymotrypsin 
injection. In the future, a-ergocryptine could be used to treat 
ocular hypertension either due to reduced AH outflow, as occurs 
in primary open-angle glaucoma, or increased inflow, as occurs 
in inflammatory ocular hypertension. However, further studies 
are indicated to elucidate the intimate mechanism mediating the 
effect of a- ergocryptine on IOP, considering the powerful in-
traocular pressure lowering effect of this compound.

Acknowledgements
This research work has been carried out with funds from the 
Universidad del País Vasco (Spain). G. Puras was supported by 

fellowships from the Universidad del País Vasco and the Go-
bierno Vasco (Spain).

References
1. Quigley H.A., Broman A.T. 2006. The number of people 

with glaucoma worldwide in 2010 and 2020. The British Jo-
urnal of Ophthalmology. 90:262-7.

2. Bronner A., Hommura S. 1973. Influence de l’hydergine® sur 
l’hydrodynamique de l’humeur aqueuse et sur la circulátion 
rétinienne. Journal de Médecine de Strasbourg. 4:809-816.

3. Diotavelli M., Auricchio G. 1964. The effect of topically 
used hydergine® on ocular tension. Acta Ophthalmologica. 
147:448-454.

4. Genée E., Geisendörfer T. 1975. Blutdruckändernde 
medikamente und augeninnendruck im tierversuch. Albrecht 
Von Graefe’s Archive for Clinical and Experimental Ophthal-
mology. 95:187-194.

5. Steinbach P.D., Bell H. 1977. Wirkung gefäserweiternder 
substanzen auf augeninnendruck und blutdruck. Albrecht 
Von Graefe’s Archive for Clinical and Experimental Ophthal-
mology. 202:213-222.

6. Rintelen F., Smolik H. 1950. Über den einflus del hyder-
gins auf den intraokularen and diastolischen zentralarte-
riendruck. Acta Ophthalmologica.120:100-103.

7. Simkova M., Zahn K. 1952. The effect of hydergine® on ret-
inal circulation. Acta Ophthalmologica.124:39-49.

8. Al-Sereiti M.R., Quik R.F., Turner P. 1989. The effect of a 
single oral dose of pergolide on intraocular pressure and pupil 
diameter. British Journal of Clinical Pharmacology. 28:263-8.

9. Elibol O., Guler C., Yuksel N. 1992. The effects of 
dopamine, haloperidol and bromocriptine on intraocular 
pressure. International Ophthalmology.16:343-7.

10. Potter D.E., Ogidigben M.J., Chu T.C. 1998. Lisuride acts 
at multiple sites to induce ocular hypotension and mydria-
sis. Pharmacology. 57: 249-60.

11. Potter D.E., Shumate D.J. 1987. Cianergoline lowers in-
traocular pressure in rabbits and monkeys and inhibits con-
traction of the cat nictitans by suppressing sympathetic neu-
ronal function. Journal of Ocular Pharmacology. 3:309-21.

12. Potter D.E., Burke J.A. 1982. Effects of ergoline deriva-
tives on intraocular pressure and iris function in rabbits an 
monkeys.  Current Eye Research. 2:281-288.

13. Siegel M.J., Lee P.Y., Podos S.M. 1987. Effect of topical er-
golide on aqueous dynamics in normal and glaucomatous 
monkeys.  Experimental Eye Research. 44:227-233.

14. Santafé J., Segarra J., Garrido M. 1991. Effects of topical 
dihydroergocristine on intraocular pressure, aqueous humor 
dynamics and pupil diameter in conscious rabbits. A compar-
ative study with timolol and pilocarpine. Methods and Find-
ings in Experimental and Clinical Pharmacology. 13:231-238.



29

15. Melena J., Santafé J., Segarra-Doménech, J. 1998. The ef-
fect of topical dihydroergocristine on the intraocular pres-
sure in chymotrypsin-induced ocular hypertensive rabbits. 
Methods and Findings in Experimental and Clinical Pharma-
cology. 20:861-867.

16. Puras G., Santafé J., Segarra J. 2002. Effects of topical nat-
ural ergot alkaloids on intraocular pressure and aqueous 
humor dynamics in ocular normotensive rabbits. Journal of 
Ocular Pharmacology and Therapeutics. 18: 41-52. 

17. Puras G., Santafé J., Segarra J. 2002. The effect of topical 
natural ergot alkaloids on the intraocular pressure and aque-
ous humor dynamics in rabbits with alpha-chymotrypsin-
induced ocular hypertension. Graefe’s Archive for Clinical and 
Experimental Ophthalmology. 240:322-8.

18. Puras G., Santafé J., Segarra J. 2007. A comparative study of 
topical natural ergot alkaloids on the intraocular pressure and 
aqueous humor dynamics in ocular normotensive and alpha-
chymotrypsin-induced ocular hypertensive rabbits. Graefe’s Ar-
chive for Clinical and Experimental Ophthalmology. (In press).

19. Melena J., Santafé J., Segarra-Doménech, J. 1999. Aqueous 
humor dynamics in alfa chymotrypsin-induced ocular hy-
pertensive rabbits. Journal of Ocular Pharmacology and The-
rapeutics. 15:19-26.

20. Eisenlohr J.E., Langham R.F. 1962. The relationship be-
tween pressure and volume changes in living and dead rab-
bit eyes. Investigative Ophthalmology. 1:63-67.

21. Green K. 1992. Models and methods for testing toxicity of 
aqueous humor, iris and ciliary body. In: Gustav F S, edi-
tor. Manual of Oculotoxicity Testing of Drugs: Hockwin 
O, Green K, Rubin L. pp. 219-242.

22. Rowland J.M., Potter D.E., Reiter R.J. 1981. Circadian 
rhythm in intraocular pressure: a rabbit model. Current Eye 
Research. 1:169-173.

23. Peroutka S.J. 1996. Drugs effective in the therapy of mi-
graine. 9th ed. Ed. In: Hambard JG LL, editor. Goodman 
& Gilman’s The Pharmacological Basis of Therapeutics, 9th 
ed. New York: McGraw Hill. pp. 487-502.

24. Potter D.E. 1981. Adrenergic pharmacology of aqueous hu-
mor dynamics. Pharmacological Reviews. 33:133-153.

25. Sugrue M.F. 1997. New approaches to antiglaucoma ther-
apy. Journal of Medicinal Chemistry. 40:2793-2809.

26. Neufeld AH., Page E.D. 1977. In vitro determination of 
the ability of drugs to bind to adrenergic receptors. Investi-
gative Ophthalmology & Visual Science. 16:1118-1124.

27. Becker B., Constant M.A. 1956. The facility of aqueous out-
flow. A comparison of tonography and perfusion measurements 
in vitro and in vivo. Archives of Ophthalmology. 55:305-312.

28. Fourman S., Fourman M.B. 1989. Correlation of tonography 
and constant pressure perfusion measurements of outflow 
facility in the rabbit. Current Eye Research. 9:963-969.

29. Ohuchi T., Yoshimura N., Tanihara H. 1992. Ca2+ mobiliza-
tion in nontransformed ciliary nonpigmented epithelial cells. 
Investigative Ophthalmology & Visual Science. 33:1696-1705.

30. Farahbakhsh N.A, Cillufo M.C. 1994. Synergistic effect 
of adrenergic and muscarinic receptor activation of [Ca2+] 
spikes and Ca2+ currents in rabbit ciliary body epithelial 
cells. Experimental Eye Research. 58:197-206.

31. Mito T., Delamere N.A., Coca-Prados M. 1993. Calcium-
dependent regulation of cation transport in cultured human 
nonpigmented ciliary epithelial cells. American Journal of 
Physiology. 33.:519-525.

32. Prunte C., Nuttli I., Markstein R. 1997. Effects of dopamine 
D-1 and D-2 receptors on intraocular pressure in conscious 
rabbits. Journal of Neural Transmission.104:111-23.

33. Mancino R., Cerulli L., Ricci A. 1992. Direct demonstra-
tion of dopamine D1-like receptor sites in the ciliary body of 
the rabbit eye by light microscope autoradiography. Naunyn-
Schmiedeberg’s Archives of Pharmacology. 346:644-8.

34. Chu E., Socci R., Chu T.C. 2004. PD128,907 induces ocu-
lar hypotension in rabbits: involvement of D2/D3 dopamine 
receptors and brain natriuretic peptide. Journal of Ocular 
Pharmacology and Therapeutics. 20:15-23.

35. Savolainen J., Rautio J., Razzetti R. 2003. A novel D2-
dopaminergic and alpha2-adrenoceptor receptor agonist in-
duces substantial and prolonged IOP decrease in normotensive 
rabbits. The Journal of Pharmacy and Pharmacology. 55:789-94.

36. Hochgesand D.H., Dunn J.J., Crook R.B. 2001. Catecho-
laminergic regulation of Na-K-Cl cotransport in pigmented 
ciliary epithelium: differences between PE and NPE. Ex-
perimental Eye Research. 72:1-12.

37. Barnett N., Osborne N.N. 1993. The presence of serotonin 
(5-HT1) receptors negatively coupled to adenylate cyclase 
in rabbit and human iris-ciliary processes. Experimental Eye 
Research. 57:209-216.

38. Chidlow G., Le Corre S., Osborne N.N. 1998. Localiza-
tion of 5-hydroxytryptamine1A and 5-hydroxytryptamine7 
receptors in rabbit ocular and brain tissues. Neuroscience. 
87:675-689.

39. Chidlow G., Cupido A., Melena J. 2001. Flesinoxan, a 
5-HT1A receptor agonist/alpha 1-adrenoceptor antago-
nist, lowers intraocular pressure in NZW rabbits. Current 
Eye Research. 23:144-53.

40. Chu T.C., Ogidigben M.J., Potter D.E. 1999. 8OH-DPAT-
Induced ocular hypotension: sites and mechanisms of ac-
tion. Experimental Eye Research. 69:227-38.

41. Osborne N.N., Wood J.P., Melena J. 2000. 5-Hydroxytryp-
tamine1A agonists: potential use in glaucoma. Evidence 
from animal studies. Eye. 14 ( Pt 3B):454-63.

42. Chang F.W., Burke J.A, Potter D.E. 1985. Mechanism of 
the ocular hypotensive action of ketanserin. Journal of Ocu-
lar Pharmacology. 1:137-47.

43. Krootila K., Palkama A., Uusitalo H. 1987. Effect of serot-
onin and its antagonist (ketanserin) on intraocular pressure 
in the rabbit. Journal of Ocular Pharmacology. 4:279-290.


