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RESULTS
[. In vivo Experiments
(A) Chronic studies |
[. Pharmacological results

1. Effect of moxonidine on arterial blood 'pressure in DOCA-salt
hypertensive hypercholesterolemic rats.

* Systolic arterial blood pressure:

Intramuscular injection of rats of group Il with DOCA (50 mg/kyg /
week) suspended in olive oil and drinking saline | % NaCl and 2%
cholesterol for 6 weeks resulted in a significant rise (P < 0.01) of systolic
blood pressure from 121.67 +4.77 mm Hg in control group (group 1) to
165.83 + 5.54 mm Hg. Treatment of hypertensive hypercholesterolemic
rats of group 111 with moxonidine in a dose of 0.5 mg / kg, P for 2 weeks
resulted in a significant (P < 0.001) decrease in systolic blood pressure to
96.67 + 1.67 mm Hg (Table 1, Figs.1,4).

* Mean arterial blood pressure:

In control group (group I) the mean blood pressure was 83.33 +
2.11 mm Hg increased significantly (P <0.01)to 117.5 £ 2.81 mm Hg in
group II. Moxonidine treatment of group I1I decreased the mean blood
pressure significantly (P < 0.001) to 73.33 £ 1.67 mm Hg compared to
group II (Table 1, Figs. 2, 4).

2. Effect of moxonidine on heart rate of DOCA-salt hypertensive
hypercholesterolemic rats

The mean value of heart rate in control group (group I) was 205 +
11.95 beat/minute decreased insignificantly (P > 0.05) to 200.5 + 13.0
beat/minute in group II. Treatment of group III with moxonidine (0.5
mg/kg, LP. for 2 weeks) significantly (P <0.05) reduced heart rate to
153.33 £ 13.95 beat / minute compared to group Il (Table !, Fig. 3).
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Table (1): Effect of moxonidine treatment on arterial blood pressure and

heart rate of hypertensive hypercholesterolemic rats.

Groups
Group 1 Group I1 Group 111
Parameters \
Systolic blood 121.67 £4.77 | 165.83 +£5.54 96.67 + 1.67
pressure
Py <0.01* P; <0.001%
(mm Hg)
Mean blood 83.33+2.11 117.5 £2.81 7333+ 1.67
essur
pressure P, <0.01* P, <0.001*
(mm Hg)
(beat / min.) P, >0.05 P, <0.05*

Data represented as mean + SEM of six experiments

Group 1  : Control group

Group I : DOCA-salt hypertensive hypercholesterolemic group.

Group III : DOCA-salt hypertensive hypercholestrolemic moxonidine (0.5 mg/kg
1.P. for 2 weeks) treated group.

Py: Comparing results of group 1I with that of group |

P.. Comparing results of group 111 with that of group Il

* Significant at P <0.05.
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Figure (1): Histogram showing systolic arterial blood presssure in

various groups.
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Figure (2): Histogram showing mean arterial blood presssure in

various groups
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Heart rate (Beats / min.)

Animal groups

250
: T
200 T
»
150 [ — | 208 |
100 | - -
50 - - -
0
Control Hypertensive Hypentensive
Group | hyperchalesterolemic hypercholesterolemic
Group Il moxonidine-treated

Group IH

Figure (3): A histogram showing heart rate in various groups
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Fig (4 ) Diagrams showing arterial blood pressure in various groups.

(a) Control group ( group 1).

(b) DOCA -salt hypertensive hypercholesterolemic group ( group 11).

() Hypertensive hypercholesterolemic moxonidine -treated group ( group I11).
* Upper trace represents pulse blood flow.
* |ower trace represents cuff pressure.
The systolic blood prcssurc measurcd at the start of p

ulsation and rcferenced to
the pressure curve . )
The mean blood pressure measured at stability of pulsation and refrenced to the
the pressure curve .
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3. Effect of moxonidine on renal and hepatic haemodynamics in

hypertensive hypercholesterolemic rats:

o Renal hemodynamic parameters

In control group (group I) the renal blood flow velocity was 4.22 +

032 cm/s and decreased significantly (P < 0.05) in non-treated
hypertensive hypercholesterolemic rats (group 1I) to 2.53£0.55 cm/s.
Treatment of hypertensive hypercholesterolemic rats (group 1) with
moxonidine (0.5 mg/kg. LP) for 2 weeks increased renal blood flow
velocity significantly (P < 0.05)to 3.8 + 0.1 cm/s compared to group I
(Table 2, Figs. 7, 9).

The value of renal artery resistance parameter in group | and group
Il were 0.97 +0.02 and 0.96 £ 0.01 respectively. There was no statistical
significant change among the two groups. Meanwhile, the renal artery
resistance parameter was significantly ( P < 0.01) reduced to 0.85 + 0.02
in moxonidine-treated group (group HI) compared to group 11 (Table 2,
Figs. 8,9).

In addition, the pulsatility index in control group (group I) was
583 + 0.73 increased significantly (P < 0.05) to 6.63 £ 091 m
hypertensive hypercholesterolemic non-treated  rats  (group 1I).
Moxonidine treatment of group Il1 reduced pulsatility index significantly

(P <0.01)to 1.503 £0.13 compared to group 11 (Table 2, Figs. 8,9).

In hypertensive hypercholesterolemic rats (group I1) the maximum
svstole in the renal artery was increased significantly (P<0.01) from a
mean of 28.57 +2.58 cm/s in control group (group I)to 64.5+3.51 cm/s.

In moxonidine-treated group (group 1), the maximum systole decreased
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significantly (P < 0.05) to 21.57 £2.36 cm /s compared to group I (Table
2, Figs. 5, 9).

Moreover, the minimum systole increased significantly (P < 0.05)
from 122 + 2.09 cm/s in group 1 to 33.22 + 5.83 cm/s in group IT and
decreased significantly (P < 0.01) in moxonidine-treated group (group

i) to be 7.7 = 0.93 cmv/s compared to group 11 (Table 2, Figs. 3, 9.

On the other hand, the maximum and minimum diastole were 6.13
+ 0.75and 2.57 £0.95 cm/s in group | insignificantly (P = 0.05) changed
in group 1l tobe 647 +0.54 and 3.1 £ 0.96 cm/s. Furthermore, in group
il moxonidine treatment (0.5 mgkg. LP) for 2 weeks produced
msignificant decrease (P > 0.05)in maximum and minimum diastole to

be 592 + 095 and 222 % 0.43 cm/s respectively compared to group I
{Table 2, Figs. 6,9). |

The systole / diastole ratio was 7.43 % 1.95 in group ! increased
significantly (P < 0.01) to 31.49 = 3.09 in group Il and decreased

significantly (P < 0.01) to 9.837 % 205 in moxonidine-treated rats
(group I1I) (Table 2, Figs. 7, N.




Results
l'able (2): Effect of moxonidine treatment on renal hemodynamic
parameters of hypertensive hypercholesterolemic rats.
Kl@'amclcrs MAXS | MNS | MAXD | MND | MNV S/D RP Pl
. \ cm/s cm/s cm/s Cum/s Cm/s
Grogps
LG ‘oup I 28.57 12.2 6.13 2.57 422 7.43 0.97 283
+ * + t t £ t +
2.58 2.09 075 0.95 0.32 1.95 0.02 073
 Grpup Il | 645 | 33.22 6.47 310 | 253 | 3149 | 096 | 663
+ * s + + + * ps
3.51 5.83 0.54 0.96 0.55 3.09 0.01 0.91
P, <0.01* | <Q.05% >0.05 >0.05 | <0.05*% | <0.01* >0.05 | <0.05*
Gropp III 21.57 7.7 5.92 222 38 9.87 0.85 I 503
* t T * g t g +
236 0.93 0.95 0.43 0.11 2.05 0.02 0.13
<0.05* | <0.01* | >0.05 >0.05 | <0.05* | <0.01* | <0.01* <0.01*
11’2

Group I
Group I

: Control group

: DOCA-salt hypertensive h
Group Il :DOCA-salt hypertensive h

LP. for 2 weeks) treated group.

;| Comparing results of
* Significant at P < 0.05

MAX S: Maximum systole, MAX D: Max
MN D: Minimum diastole, MN V: Mean
ratip, RP: Resistance parameter in the renal

- 08 -

Dtha represented as mean + SEM of six experiments

P1:| Comparing results of group 11 with that of group I
group III with that of group I1

ypercholesterolemic group.
ypercholestrolemic moxonidine (0.5 mg/kg,

imum diastole, MN S: Minimum systole,
blood flow velocity, S/D; Systole/diastole
artery, PI: Pulsatility index.
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Figure (5): Histogram showing renal hemodynamics in various groups.
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Figure (6): Histogram showing renal hemodynamics in various groups.
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Figure (7): Histogram showing renal hemodynamics in various groups.
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Fig. (9): Diagram showing renal hemodynamics in various groups

A: Control group.

B: DOCA-salt hypertensive hypercholesterolemic group.

C: DOCA- salt hypertensive hypercholesterolemic moxonidine
(0.5 mg/kg, 1.P. for 2 weeks)- treated group.
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o Hepatic hemodynamic parameters

The hepatic blood flow velocity in control group (group I) was
5.38 + 0.35 cm/s. In hypertensive hypercholesterolemic non-treated rats
(group 1) the hepatic blood flow velocity was increased insignificantly
(P > 0.05) to 8.55 £ 1.86 cin/s. Moxomdine treatment (0.5 mg/kg. I.P. )
for 2 weeks in group III produced insignificant (P > 0.05) reduction of the
hepatic blood flow velocity to 8.17 = 0.99 cm/s compared to group Il
(Table 3, Figs. 12, 14). |

The hepatic artery resistance parameters of the different groups (!,
I and III) were 0.72 + 0.08, 0.82 £0.05 and 0.89 + 0.04 respectively.
There were no statistical significant changes among the various groups
(Table 3, Figs. 13, 14).

The pulsatility index in group I was 2.77 % 0.52 increased
significantly (P < 0.05) to 4.49 + 0.47 in group IL. Treatment of group III
with moxonidine (0.5 mg/kg. I.P for 2 weeks) reduced the pulsatility

index significantly (P < 0.01) to 1.99 + 0.34 compared to group II
(Table 3, Figs. 13, 14).

Moreover, the maximum and minimum systole in the hepatic artery
increased significantly (P < 0.05) from 41.1 + 5.43 and 20.87 £ 9.19 cm/s
respectively to 91.67 = 12.16 and 40.32 + 549 cm/s respectively in
hypertensive hypercholesterolemic rats (group II). In moxonidine-treated
rats (group III) both maximum and minimum | systole in hepatic artery
decreased significantly (P < 0.05) to be 50.0 + 5.601 and 23.83 + 3.48
cm/s respectively compared to group II (Table 3, Figs. 10, 14).
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The maximum and minimum diastole in"group 1 were 13.42 £ 5.06
and 2.85 + 0.65 cm/s respectively, insignificantly (P > 0.03) changed in
other groups to be 14.58 £3.15and 4.52£0.71 cm/s in group Il and 8.27
+ 168 and 3.57 + 0.83 cm/s in moxonidine-treated group (group 11}

~ (Table 3, Figs. 11, 14).

Furthermore, the systole/ diastole ratio was 4.58 + 1.08 in group I,
insignificantly (P > 0.05) increased to 7.64 + 1.54 in group 11 and to 10.47
+ 3.06 in group I11 (Table 3, Figs. 12, 14).
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Table (3): Effect of moxonidine treatment on hepatic hemodynamic

parameters of hypertensive hypercholesterolemic rats.

Parameters | paax §| MNS | MAXD | MND | MNV S/D RP Pl

Groups cm/s cm/s cm/s cm/s cm/s B
Group | 411 | 2087 | 1342 | 285 | 538 | 458 | 072 | 277
+ t + + + + + +
543 | 919 5.06 065 | 035 108 | 008 ! 0S=2
Groupll | 9167 | 4032 | 1458 | 452 | 855 | 764 | 082 | 449
+ + + * + + t +
12.16 | 549 3.15 071 | 186 | 154 | 005 | 047

P; | <0.05* | <0.05* >0.05 >0.05 >0.05 >0.03 >0.05 | <0.05*

Group III 50.0 23.83 8.27 3.57 8.17 10.47 0.89 1.99

+ + + + +

5.6 3.48 1.68 0.83 0.99 3.06 0.04 0.34

H
+
I+

P, | <0.05* | <0.05* | >005 | >005 | >0.05 | >0.05 | >0.05 | <0.01*

Data represented as mean £ SEM of six experiments

GroupI : Control group

Group I  : DOCA-salt hypertensive hypercholesterolemic group.

Group I :DOCA-salt hypertensive hypercholestrolemic moxonidine (0.5 mg/kg,
L.P. for 2 weeks) treated group.

P,: Comparing results of group II with that of group I

P,: Comparing results of group III with that of group II

* Significant at P < 0.05.

MAX S: Maximum systole, MAX D: Maximum diastole, MN S: Minimum systole,

MN D: Minimum diastole, MN V: Mean blood flow velocity, S/D: Systole/diastole

ratio, RP: Resistance parameter in the renal artery, PI: Pulsatility index.
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Figure (10):Histogram showing hepatic hemodynamics if
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A: Control group.

B: DOCA-salt hypertensive hypercholesterolemic group.

C: DOCA.- salt hypertensive hypercholesterolemic moxonidine
(0.5 mg/kg, 1.P. for 2 weeks)- treated group.
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I} Biochemical results:
o |Effect of moxonidine on lipid profile of DOCA-salt, hypertensive
hypercholesterolemic rats |
The serum cholesterol level was 92.5 + 5.59 mg/dl in rats of
cdntrol  group receiving normal diet (group I). While, it was 241.5 £ 5.29
mig/dl in DOCA-salt rats receiving 2 % cholesterol-enriched diet (group
11). So, the 2 % cholesterol diet given over 6 weeks significantly
(R < 0.001) increased the serum cholesterol 1éve1 fo about 2.6 times the
lgvel in control group.
Moxonidine administration (0.5 mg / kg. 1.P) for 2 weeks to
hipertensive hypercholesterolemic rats (group 1I1) induced significant
dbcrease (P < 0.001) in serum cholesterol level to 145.5 + 3.62 mg /dl

cpmpared to group 11 (Table 4, Fig. 15).

Regarding triglyceride level the mean value in normal diet fed rats

f group | was 113.33+4.72 mg/dl increased significantly (P < 0.01) in

)

DOCA-salt rats fed on 2 % cholesterol-enriched diet of group Il to be
1139.67 + 4.07 mg/dl compared to group l. Treatment of group IIT with
loxonidine (0.5 mg/kg, 1.P. for 2 weeks) produced significant (P < 0.05)

tduction of triglyceride concentration to 125.83 + 4.16 mg / dl compared

p group 11 (Table 4, Fig. 16).

P

—

The serum HDL-cholesterol in rats on normal diet (group I) was
J1.18 + 1.38 mg /dl . However, 2 % cholesterol feeding for 6 weeks n
group Il insignificantly (P > 0.05) raised HDL-C to 43.14 + 1.42 mg/dl
¢ompared to group L In treated group (group I1I) moxonidine produced
nsignificant (P > 0.05) increase in HDL-C concentration to 45.13 + 1.82

ng/dl compared to group II (Table 4, Fig. 17).
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Moreover, in group I the serum LDL-cholesterol concentration was
21.18 + 1.28 mg/dl increased significantly (P < 0.001)to 112.08 & S41
mg/dl in group 11 and decreased significantly (P<0.01) to 066.35+£4.71 mg
/dl in moxonidine treated group (Group IlI) compared to group Il

(Table 4, Fig. 18).




Results

Table (4):

Effect of moxonidine treatment on

hypertensive hypercholesterolemic rats.

lipid profile of

Groups
Group | Group Il Group II1
Parameters
Total serum 905+559 | 2415+529 | 1455+362
cholesterol(mg/dl) P, <0.001* P, <0.001*
Triglycerides 11333+4.72 | 139.67+4.07 | 12583 4.16
(mg/dl) P, <0.01% P, < 0.05*
HDL-cholesterol | 41.18+138 | 4314142 | 45134182
(mg/dl) P, >0.05 P, >0.05
LDL-cholesterol | 21.18+128 | 112.08+5.44 | 66.35+4.71
(mg/dl) P, <0.001* P, <0.01*

Data represented as mean + SEM of six experiments

Groupl  : Control group

Group I : DOCA-salt hypertensive hypercholesterolemic group.

Group III : DOCA-salt hypertensive hypercholestrolemic moxoni-dine (0.5 mg/kg

1.P. for 2 weeks) treated group.
P,: Comparing results of group II with that of group 1
P,: Comparing results of group 111 with that of group I
* Significant at P < 0.05
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Fig. (15): Histogram showing total serum cholesterol in various groups
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Fig. (16): Histogram showing triglycerides in various groups.
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Resuits

o Effect of moxonidine treatment on serum sodium and potassium

levels of hypertensive hypercholesterolemic rats

The serum sodium concentration in control group (group 1) was

135.83 £ 5.17 mEq/l increased insignificantly (P > 0.05) to 141.33 + 1.84

mk

mg

Sl

as

q/l in hypertensive hypercholesterolemic rats (group II). In

xonidine-treated group (group III) serum sodium concentration was

pificantly (P < 0.05) decreased to 128.83 + 5.33 mEq/ compared to

group If (Table 5, Fig. 19).

It

The serum potassium concentrations in various groups (I, Il and

were 3.79 + 038, 3.91 £ 0.105 and 3.83 + 0.194 m mol/l respectively.

There was no statistical significant change (P> 0.05) among the three

(o]

gr

Insi

ups (Table 5, Fig. 20).

o Effect of moxonidine treatment on serum creatinine of hypertensive

iiypercholesterolemic rats.

Serum creatinine level was 0.89 £ 0.05 mg/ dl in group | increased

gnificantly (P > 0.05) to 1.08 £0.165 mg/ dl in group II. Treatment

with moxonidine (0.5 mg/kg, 1P for 2 weeks) insignificantly decreased

the

serum creatinine level to 0.97 + 0.07 mg/dl in group 11 compared to

gronp II (Table 5, Fig. 21).

- 114 -




Results

Table (5): Effect of moxonidine treatment on serum sodium and
potassium and creatinine of hypertensive hyper-

cholesterolemic rats.

Groups
Group I Group II Group II1
Parameters
Serum sodium 13583+5.17 | 141.33+1.84 | 12883+ 5.33

mEq/] P, >0.05 P, <0.05%
Serum potassium 3.79+0.38 391+0.11 383+0.19

mmol/l P >0.05 P,>0.05
Serum creatinine 0.89+0.05 1.08 £0.17 0.97 £0.07

(mg/dl) P, >0.05 P,>0.05

Data represented as mean + SEM of six experiments
Group I

Group II
Group III : DOCA-salt hypertensive hypercholestrolemic moxonidine (0.5 mg/kg,

: Control group

: DOCA-salt hypertensive hypercholesterolemic group.

LP. for 2 weeks) treated group.
Py: Comparing results of group II with that of group I
P2: Comparing results of group III with that of group II
* Significant at P < 0,05
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Fig. (20): Histogram showing serum potassium in various groups.
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Fig. (21): Histogram showing serum creatinine in various groups.
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111. Histopatholgical results:
e Effect of moxonidine treatment on histopathological changes in
liver, kidney -~ and aorta of DOCA-salt hypertensive

hypercholesterolemic rats

1. The liver

Histological examination of the liver of the control group (group 1)
showed that the liver formed of classical hepatic lobules, each lobule was
formed of a central vien radiating from it liver cell plates. Between these
plates slit-like spaces were seen representing the blood sinusoids. The
hepatocytes appeared as polygonal cells with granular and eosinophilic
cytoplasm and central, large and rounded nuclei with one or more
nucleoli. The connective tissue of the liver were demonstrated as a thin
layer of collagenous fibers in the wall of the central vein and appeared

surrounding the classic hepatic lobules (Fig. 22).

Histological examination of the liver of the DOCA-salt
hypertensive hypercholesterolemic  rats (group 1I) showed that
hepatocytes contained cytoplasmic vacuoles which were sharply defined
and of variable size with their nuclei indented, most probably denoting
fatty change (Fig. 23). Centrilobular hepatocytes showed mild affection
in the form of swollen cells with pale cytoplasm (cloudy swelling) and
vaculated cells with normal nuclei (hydropic degeneration) (Fig. 24).
Furthermore, central vein congestion and dilatation of sinusoids were
observed (Fig. 25). In moxonidine-treated rats (group 11I) (0.5 mg/kg, L.P
for 2 weeks), it was observed that the hepatocytes showed decrease n
cytoplasmic vacuolation, appearance of more regular hepatic cords and

decreased congestion and dilatation of central vein (Fig. 26).
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2. The kidney

Histological examination of the kidney of group I showed that the
kidney was formed of an outer cortex and inner medulla and was
surrounded by a connective tissue capsule. The cortex of the kidney
consisted of malpighian renal corpuscles formed of a glomerulus and
Bowman’s capsule, proximal convoluted tubules (P.C.T.) lined with
pyramidal cells, loop of Henle lined by simple squamous epithelium and
cuboidal cells, and distal convoluted tubules (D.C.T) lined with cubical
cells. The medulla was formed of loops of Henle and collecting tubules

lined by cuboidal cells, the larger ones were by columnar cells (Fig. 27).

In group II, histological examination of the kidney revealed
endothelial cell proliferation (arteribsclerosis) (Fig. 28), narrowing of the
Bowman’s capsule due to mesangeal cell proliferation, thicking of the
glomerular capillary basement membrane (glomerulosclerosis) and

intracellular and extracellular hyalinosis (Fig. 29).

Moxonidine treatment (0.5 mg/kg, 1.P) for 2 weeks of group 11l
produced mild improvement of all glomerular lesions appeared as
increased lumen of the glomerular capillary tuft and increased capsular
space (Fig. 30). .

3. The aorta |

Histological examination of a cut section of the aorta of group |
showed that the wall of the aorta consists of a tunica intima, tunica media,
and tunica adventitia. The tunica intima consists of an endothelial coat of
flattened squamous cells resting on a complete basal lamina and is
supported by a subendothelial loose connective tissue. The tunica media

consists largely of elastic, concentric laminae and variable amounts of
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smooth mucle cells. The tunica adventitia contains bundles of collagen
fibers and a few elastic fibers both of which have a loose, helical

arrangement (Fig.31).

In group II, histological examination of the aorta showed ulcerated
endothelial cells of the intima with collection of fat globules and foamy
cells and formation of fatty streaks. The media and adventitia showed

fibrosis and inflammatory cell infiltration (Fig. 32).
In group III, moxonidine treatment decreased the size of fatty

streaks. Regeneration of the endothelial cells of the intima was observed
(Fig. 33).
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Fig. (22): A photomicrograph of a section in the liver of a control rat (group I)
showing hepatic plates radiating from the central veins and separated by
blood sinusoids (H x & E x 200)

Fig. (23): A photomicrograph of a section in the liver of a hypertensive
hypercholesterolemic rat (group II). The cytoplasm of hepatocytes
showing intracellular sharply defined fat vacuoles (fatty change). The

nuclei are pushed to one side. (Hx & E x 400)
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Fig) (24): A photomicrograph of a section in the liver of a rat from group I1. The
hepatocytes showing vacuolated cytoplasm with normal nuclei (hydropic

degeneration). (H x & E x 400)

Fig. (25): A photomicrograph of a section in the liver of a rat from group II showing
congested central vein. (H x & E x 400)
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Fig. (26): A photomicrograph of a section in the liver of a rat treated with moxonidine
(group II) showing improved fatty and hydropic degeneration of

hepatocytes and decrease in central vein congestion. (H x & E x 400)
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Fig. (27): A photomicrograph of a section in the kidney of a control rat (group 1)
showing renal corpuscles formed of glomeruli, surrounded by proximal

convoluted tubules, distal convoluted tubules, and collecting tubules.
(H x & E x 200)

Fig. (28): A photomicrograph of a section in the kidney of a hyertensive

hypercholesterolemic rat (groupll) showing endothelial cell proliferation

of the intima and thickening of the media (Arteriolosclerosis)
(Hx & E x 400)
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Fig. (29): A photomicrograph of a section in the kidney of rat from group II showing
thickening of the glomenular capillary basement membrane
(glomerulosclerosis). The surrounding tubules showing both inracellular

and extracellular hyalinosis leading to obliterated lumen.
(H x & E x 400)

Fig. (30): A photomicrograph of a section in the kidney of rat treated with
moxonidine (group III) showing mild degenerative changes affecting renal

tubules and glomerular capillary tuft with increased lumen and capsular

space. (H x & E x 400)
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Fig. (31): A photomicrograph of a cut section in the aorta of a control rat (group [)
showing intact flat endothelial cell lining, elastic media and well fitted
adventitia. (Hx & E x 200)

Fig. (32): A photomicrograph of a cut section in the aorta of a hypertensive
hypercholesterolemic rat (group 11) showing ulcerated endothelial cells
of the intima, collection of foamy histocytes and fat globules with
formation of fatty streaks. The adventitia shows fibrosis and

inflammatory cell infiltration. (H x & E x 200)
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Fig. (33): A photomicrograph of a cut section in the aorta of a rat treated with

moxonidine (group III) showing regenerated endothelial cells of he intima,

mild medial fibrosis and reduced size of the fatty streaks. (H x & E x 200)
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(B) Acute studies
1. Effect of acute intravenous injection of moxonidine on renal
hemodynamic parameters in normotensive rats

Acute intravenous administration of bolus doses of moxonidine
0.1, 0.3 and 1.0 mgke) increased the renal blood flow velocity from a
basal value of 4.22 £ 0.32 cm/s to 43+028,487+03%9and6.63 £ 0.53
cm/s respectively. This increase was statistically insignificant (P > 0.05)
at the doses of 0.1 and 0.3 mg/kg but was significant (P < 0.05) at the
dose of 1mg /kg (Table 6, Figs. 36, 38).

Furthermore, moxonidine decreased the renal artery resistance
from a basal value of 0.97 £0.02to 0.89 £ 0.07,0.83 £ 0.06 and 0.91 =
002 for the dosesof0.1,0.3 and 1 mg/kg respectively. This decrease in
the resistance parameter was statistically insignificant at the dose of 0.1
mg / kg but was significant (P <0.05) at the doses of 0.3 and ) mg/kg
(Table 6, Figs. 37, 38).

The basal value of pulsatility index was 2.83 + 0.73 insignificantly
(P >0.05) affected by 1.V. injection of different doses of moxonidine 0.1,
03 and 1 mgkg to be 3.44 £ 0.58, 3.62 0.63 and 2.69 £ 0.60
respectively (Table 6, Figs. 37, 38).

Moreover, the maximum systole in the fenal artery increased
insignificantly (P > 0.05) from a mean of 28.57 £ 2.58 cm/s to 3282+
1 67, 37.62 £ 6.18 and 33.97 £ 2 66 cm/s for the doses 0.1, 0.3 and |
mg/kg of moxonidine respectively. The minimum systole increased

insignificantly from 12.2 2.09 c/s to 16.17 £ 2.85,16.25 £ 1.65 and
15.05 + 1.14 cm/s (Table 6, Figs. 34, 38).
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There was insignificant (P> 0.05) increase of maximum diastolic
blood pressure in renal artery from 4.13 £ 0.75 cm/s 4.08 = 0.21, 416 £
0.3 and 4.18 +0.24 and there was insignificant changes in the minimum
diastolic pressure from 2.57 + 095 cm/s to 2.2 £ 0.82,2.4 +£0.97 and 2.6
+ 062 cm/s for the doses of moxonidine 0.1, 0.3 and 1 mg/kg
respectively (Table 6, Figs. 35, 38).

The systole / diastole ratio was 7.43 = 1.95 insignificantly
(P > 0.05) affected by different doses of moxonidne 0.1,0.3 and 1 mg/kg
to be 7.85+2.6,5.760.96 and 732 + 0.72 respectively (Table 6, Figs.
36, 38).
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Table (6): Effect of acute administration of moxo

hemodynamic parameters in normotensive rats.

1dine on renal

w MAXS| MNS | MAXD | MND | MNV | 8/D RP Pl
Groups cn/s cm/s cn/s cm/s cm/s
Control 28.57 12.2 4.13 2.57 422 143 097 | 283
group t * * * + t * *
2.58 2.09 0.75 0.95 032 | 195 002 | 073
Nioxonidine | 32.82 | 1617 4.08 2.2 43 185 089 | 344
0.1 mg/kg t t + + = S T I - * t
1.67 2.85 0.21 0.82 0.28 2.6 0.07 | 058
P | >005 | >0.05 >0.05 >0.05 | >0.05 | >0.05 | >0.05 | >0.0%
| Moxonidine | 37.62 | 16.25 4.16 2.4 4.87 5.76 083 | 362
0.3 mg/kg + * * t * t t t
6.18 1.65 0.3 0.97 0.39 D.96 0.06 | 0.63
Pl 005 | >005 | >005 | >0.05 | >0.05 | 30.05 | <0.05* | >0.05
Moxonidine | 33.97 | 15.05 4.18 2.6 6.63 7.32 091 | 269
1 mg/kg + + + + + + + +
2.66 1.14 0.24 0.62 0.53 0.72 002 | 0.66
pl| >005 | 005 | >005 | >0.05 | <0.05* | $0.05 | <0.05* | >0.05

Data represented as mean = SEM of six experiments

* Significant at P < 0.05 compared to control group.

MAX S: Maximum systole, MAX D: Maximum diastole, MN b
MN D: Minimum diastole, MN V: Mean blood flow velocity, §

ratio, RP: Resistance parameter in the renal artery, PI: Pulsatility [index.
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7. Effect of acute intravenous injection of moxoni

hemodynamic parameters in normotensive rats

The basal hepatic blood flow velocity was 538+

intravenous administration of bolus doses of moxoni
| mg/kg increased the hepatic blood flow velocity to be

+ 048 and 9.8 + 1.99 co/s respectively. This increas
) mg/kg but was
gs. 41, 43).

insignificant (P > 0.05) at the doses of 0.1 and 0.]
significant (P < 0.05) at the dose of 1 mg/kg (Table 7, F

Furthermore, the basal value of the resistance in
0.89 + 0.05. Acute intravenous injection of moxonidi
mg/kg did not produce any change in the hepatic
parameter to be 0.89 £ 0.03.

However, moxonidine in doses of0.3and 1 m
resistance parameter to 0.86 * 0.03 and 0.72 £ 0.0§
decrease was significant (P < 0.05) at the higher dose

43).

Acute intravenous administration of moxomidi
mg/kg did not induce any significant change (P >|
index from a mean of 2.77 £ 0.52 to 242 +043,1.9

0.26 respectively (Table 7, Figs. 42, 43).

Moreover, moxonidine in different doses of 01
V. did not show any changes (P> 0.05) in other pj
artery. The maximum systolic blood pressure incrg

1338 to 48.8 + 8.19,44.83+4.52and 63.38 & 6.79

dine on hepatic

0.35 cm/s. Acute
dine 0.1, 0.3 and
5.52+0.33,6.12

e was statistically

hepatic artery was

ne in a dose of 0.1

artery resistance

g/kg decreased the

respectively. This

(Table 7, Figs. 42,

ne 0.1, 0.3 and |

0.05) in pulsatility

7+023and2.14 £

,0.3 and 1 mg/kg,

srameters of hepatic
rased from 57.77

cm/s, the minimum
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systole changed from 20.87 = 3.76t019.82 +2.64,21.87 £ 2.4 and 30.42
+ 3.23 (Table 7, Figs. 39, 43).

The maximum diastole decreased from 13.42+ 5.06t0 5.9 £1.19,
5.37 + 1.04 and 5.85 + 1.39 cm/s and the minimum diasfole changed from
785 + 0.65 to 2.98 + 0.94,2.03+0.76 and 2.57 + 0.94 cm/s (Table 7,
Fig. 40, 43)and the systole / diastole ratio increased from 4.58 £ 1.08 to
432 + 262, 745 £ 1.62and 12.09 + 4.17 respectively (Table 7, Figs.
41, 43).
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Table (7): Effect of acute administration of moxonidine on hepatic

hemodynamic parameters in normotensive rats.

Parameters | max S| MNS | MAXD | MND | MNV | | S/D RP Pl
cm/s cm/s cm/s cm/s Cm/s
Groups _
Control 5777 | 2087 13.42 2.85 5.38 4,58 0.89 2.77
group + t t + £ B t +
13.38 3.76 5.06 0.65 0.35 1.08 0.05 0.52
Moxonidine | 48.8 19.82 5.9 2.98 5.52 432 0.89 2.42
0.1 mg/kg + + + + + + + +

8.19 2.64 1.19 0.94 0.33 262 0.03 0.43

P | 005 | 005 | >005 | >005 | >005 ||>005 | 005 | >005

Moxonidine | 4483 | 2187 | 537 | 203 | 612 | 745 | 08 [ 197
0.3 mg/kg + + + * + |z + i

4.52 2.4 1.04 0.76 0.48 1.62 0.03 0.23

P | >0.05 >0.05 >0.05 >0.05 >0.05 {/>0.05 >0.05 >0.05

Moxonidine | 63.38 3042 5.85 2.57 98 12.09 0.72 2.14
1 mg/kg * p t * + t x *

6.79 3.23 1.39 0.94 1.99 -4.17 0.08 0.26

P | >005 | >0.05 >0.05 >0.05 | <0.05* || >0.05 | <0.05* | >0.05

Data represented as mean = SEM of six experiments

* Significant at P <0.05 compared to control group.
MAX S: Maximum systole, MAX D: Maximum diastole, MN S: Minimum systole,
MN D: Minimum diastole, MN V: Mean blood flow velocity, S/D: Systole/diastole
ratio, RP: Resistance parameter in the renal artery, PI: Pulsatility index.
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Fig.(39): Histogram showing the effect of acute administration of
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3.The prophylactic effect of moxonidine on drug-induced

ventricular arrhythmias in anaesthetized rats

3.1 Effect of moxonidine on heart rate in urethane-anaesthetized rats
The heart rate before drug administration was 316.7 + 20.07,312.5
1 12.49 and 304.17 + 16.09 beat / min in 3 different groups of rats,

Intravenous injection of moxonidine in doses of 0.1, 0.3 and 1
mg/kg produced dose-dependent decrease in heart rate, when recorded
after 15 min., to 295.8 + 18.73, 260.67 + 13.67 and 232 + 8.05 beat / min
respectively. The decrease in heart rate was found to be statistically
insignificant (P > 0.05) with the dose of 0.1 mg/kg but was significant
(P <0.01) with the doses of 0.3 and 0.1 mg/kg (Table 8, Figs. 44, 43)

Table (8): Effect of acute intravenous injection of different doses of

moxonidine on heart rate of urethane-anaesthetized rats.

§ Dose of Before After
i moxonidine moxonidine moxonidine P
(mg/kg) Beat / minute
0.1 316.7 +20.07 295.8 £ 18.73 > (.05
0.3 312.5+12.49 | 260.67 + 13.67 <001*
i .
1 304.17 £ 16.09 232 +8.05 <0.01%

[ata represented as mean + SEM of six experiments.
* Significant at P < 0.05.
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Fig. (44): Histogram showing the effect of acute intravendus injection of

moxonidine on heart rate of anaesthetized ratis
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Fig.(45 ) ECG traces demonstrating the effect of intravenous
injection of moxonidine on heart rate of urethane — anesthetized rats:
(a) Control record with heart rate 375 beats/min.
(b) Moxonidine ( 0.1 mg/kg) reduced heart rate to 300 beats/ min.
(¢) Moxonicline ( 0.3 mg/kg) reduced heart rate to 214 beats/ min,
(d) Moxonicline ( 1.0 mg/kg) reduced heart rate to 188 buW min.
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(0.3 mg/kg) 15 minutes prior to adrenaline injection increased the MAD
of adrenaline significantly (P < 0.01) to 2.75 + 0.3 ng/Kg (Table 9,
Figs. 46, 51). The onset of adrenaline-induced zinhythmia was
significantly (P<0.01) delayed to be 17.17 + 1 .42 seconds (Table 10, Fig.
47) and the duration of arrhythmia was signiﬁcanﬂy (P < 0.00)
decreased to 22.67 + 1.36 seconds (Table 11, Fig. 48). The average
number of ectopic beats was also decreased to 17.67 + 2.49 ectopic beat/

minute and this decrease was statistically significant (P < 0.01) (Table 12,
Fig. 49).

In the third group of rats (group 3), administrat;ion of adrenaline
intravenously in a mean dose of 1.83 + 0.31 ng'kg (;rl"able 9, Fig. 40)
produced multiple successive ventricular ectopic beatSJE started 10.16 +
0.95 seconds after adrenaline injection (Table 10, Fig. 417) The average
number of ectopic beats was 29.67 + 3.29 ectopic beat / niinute (Table 12,
Fig. 49) and the total duration of arrhythmia was 32. 5 * 2.39 seconds
(Table 11, Fig. 48). :

Moxonidine in a dose (1 mg/kg) injected intravendfusly 15 minutes
prior to intravenous adrenaline injection was found to innitrease'the MAD
of adrenaline significantly (P < 0, 01)to 12.5 +2.58 ug/kg (Table 9, Figs.
46, 52). The onset of arrhythmia was si ignificantly (P < 0 01) delayed to
be 18.17 £ 1.3 seconds (Table 10, Fig. 47). The avelage number of
ectopic beats was significantly (P< 0.01) decreased to 2.5 + 0.56 ectopic
beat / minute (Table 12, Fig. 49). Furthermore, the tdtal duration of

arrhythmia was significantly (P < 0.01) decreased to 5. 17 £ 1.7 seconds
(Table 11, Fig. 48). |
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Table (9): Effect of different doses of moxonidine

arthythmogenic - dose (MAD) of adrenal

anaesthetized rats.

on the minimal

Ine in urethane-

Dose of Minimal arrhythmogenic dose of
moxonidine adrenaline (MAD) pg/ke p
(mg/kg) Before After
administration administratiop
0.1 24032 216025 >0.05
0.3 1.75 £0.25 2.75 £0.31 <0.01*
1 1.83 +0.31 12.5+2.58 <0.01*

Table (10): Effect of different doses of moxonidine on

the time of onset

of adrenaline-induced ventricular arrhythmia in urethane-

anaesthetized rats.

Dose. 0? , Onset of arrhythmia (S)
moxonidine p
(mg/ke) Before After
administration administration
0.1 123+1.28 153+1.76 <0.01*
0.3 11.83+1.27 17.17 £1.42 <0.01*
{ 10.16 £ 0.95 1817+ 1.3 <0.01*

Data represented as mean + SEM of six experiments

* Significant at P < 0.05
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Table (11): Effect of different doses of moxonidine on

the total duration

of adrenaline-induced ventricular arrhythmia in urethane-

anaesthetized rats.

Dose. of Total duration of arrhythmia (s)
moxonidine p
(mg/kg) Before After
administration administration
0.1 30.67 + 0.84 2767 +1.3 <0.05*
0.3 3283+ 17 22,67 +1.36 <0.01*
{ 3254239 517+17 | | <0.01*

Table (12): Effect of different doses of moxonidine

on the average

number of adrenaline-induced ventriculaf ectopic beats in

urethane-anaesthetized rats.

Dose of The average number of ventricular
moxonidine . . .
t .
(mg/kg) ectopic beats (ectopic beat /min.) p
Before After
administration administration
0.1 27.17 + 2.81 22.83+2.86 <0.01%
0.3 32.33£2.99 17.67 £2.49 <0.01%
1 2967 +£3.29 2.5+£0.56 <0.01%*

Data represented as mean + SEM of six experiments

* Significant at P < 0.05
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Fig. (46): Histogram showing the effect of moxonidine on
arrhythmogenic dose of adrenaline in anaesthetized|rats.
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10 1

: — Before' adminstration
* O After adminstration

Fig. (49): Histogram showing the effect of different doses ¢f moxonidine
on the average number of adrenaline induced ventricular g ctopic beats
in anaesthetized rats.
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Fig. (50) ECG record showing the effect of moxonidine (0.1 mg / kg

LV.) on the adrenaline — induced ventricular arrhythmia in

urethane ~ anesthetized rats; L
(a) Control tracing with heart rate 300 beats /min,
(b) Adrenaline (2ug/kg LV.) produced successive ventric extrasystoles

(c) Moxonidine (8.1 mg/kg) injected 15 minutes prior to sdrenaline reduced
heart rate to 250 beats/ min,

(d) Adrenaline (2ug/kg LV.) produced successive ventricular extrasystoles,
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Fig. (51) ECG traces showing the effect of moxonidine (0.3 mg / kg
LV.) on the adrenaline — induced ventricular arrhythmis in urethane
- anesthetized rats: '

(a) Control record Heart rate 300 beats /min.

(b) Adrenaline (2ug/kg LV.) produced successive ventricular extrasystoles

() Moxonidine (0.3 mg/kg) administered 1S minutes before adrensline

injection reduced heart rate to 214 beats/ min.
(d) Adrenaline (2.75 ug/kg LV.) produced multiple ventricular extrasystoles.
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Fig. (52) ECG traces showing the effect of moxonidine (1.0 mg / kg
LV.) on the adrenaline ~ induced ventricular arrhythﬁia in urethane
— anesthetized rats.
(») Control record Heart rate 250 beats /min. _
(b) Adrenaline (2ug/kg LV.) produced successive ventricular extrasystoles
(¢) Moxonidine (1.0 mg/kg) injected 15 minutes prios to adremaline
administration reduced heart rate to 188 beats/ min.

(d) Adrensline (12 ug/kg LV.) failed to produce successive ventricular
extrasystoles, only 4 were detected.
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Resulits

3.3 Effect of moxonidine on ouabain-induced ventricy
in anaesthetized rats
In control group of rats which were injected with ¢
mean arrhythmogenic dose of ouabain (MAD) was 5.41
(Table 13, Figs. 53, 55) This type of ouabain arrhythmia
of appearance of successive ventricular ectopic beats. T]
ouabain that produced venricular fibrillation and letha

12.5 £ 1.12 ng/kg (Table 14, Figs. 54, 55).

In moxonidine treated groups, intravenous injectio
in a dose of 0.1 mg/kg to the first group 15 minute befor
repeated ouabain doses produced insignificant (P> 0.03
mean arrhythmogenic dose of ouabain to 7.91 + 1.19‘ Mg
time, the mean fibrillating dose (MFD) of ouabain was i1
> 0.05) increased to 14.1 + 1.4 pg/kg compared to conti
13,14, Figs. 53, 54, 56).

On the other hand, pretreatment with moxonidine
mg/kg to the second group |5 minutes prior to ou
increased the mean arrhythmogenic dose of ouabian si

0.05) to 12.08 + 14 pgkg. Also, the mean fibrillating

lar arrhythmia

uabain only, the
t1ug/keg LV

was in the form

he mean dose of
lity (MFD) was

n of moxonidine

e the start of the

) increase in the

kg. At the same

asignificantly (P

ol group (Table

in a dose of 0.3
abain injection,
gnificantly (P <

dose of ouabian

was increased significantly (P <0.05) to 16.67 + 1.79 pg/kg compared to

control group (Table 13, 14, Figs. 53, 54, 57).

In the third group of rats, moxonidine in a dose of 1

intravenously 15 minutes before ouabain injection was fg

the mean arrhythmogenic dose of ouabain (MAD) signific

to 24.16 £ 3 pg/kg and also increase the mean fibrillating ¢

to 32.5 + 2.04 ng/kg and this increase was statistically

0.01) compared to the control group (Table 13, 14, Figs. 5]
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antly (P < 0.01)
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Results

Table (13): Effect of moxonidine on arrhythmogenic dc

urethane-anaesthetized rats.

pse of ouabain in

Dose of Arrhythmogenic dose of ouabain
moxonidine (ng/kg) P
(mg/ke) Control Moxonidine-
' group treated group
0.1 791£1.19 >0.05
0.3 54141 12.08 1.4 <0.05*
1 241613 <0.01*

Table (14): Effect of moxonidine on fibrillating dose of ouabain in

urethane-anaesthetized rats.

Dose of Fibrillating dose of ouabain
moxonidine (ug/kg) P
(mg/kg) Control Moxonidine-
group treated group
0.1 141+14 >0.05
0.3 125£112 16.67 + 1.79 < 0.05*
1 32.5+204 <0.01*

Data represented as mean = SEM of six experiments

* Significant at P < 0.05
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Fig. (53): Histogram showing the effect of moxonidine on
arrhythmogenic dose of ouabain in anaesthetized rats.
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Fig, (54): Histogram showing the effect of moxonidine on fibrillating dose
of ouabain in anaesthetized rats.

- 160 -




Results

(@
(b)
©
@
T Rl
'l i 81
i i
CliEm i
T i
aTh ] R P ] TR
AT LT S 1 LR ALY R M
(e) L:j_:“} ];—ﬂ:mé;::,.si:‘.::r}::};i:;1 TN I S AT IS O IR R AR IS B !]]ifl‘

Fig. (55) A trace showing the effect of repeated intravenous doses of
ouabain on the ECG of urethane — anesthetized rats (Control group):
(a) Normal tracing , heart rate 300 beats/min.
(b) Ouabain (0.5 ug/ kg ) reduced heart rate to 83 beats/min.
(¢) Ouabain (5 ug/ kg ) produced multiple ventricular extrasystoles.
(d) Ouabain (7 ug/ kg ) produced successive ventricular extrasystoles.
(¢) Ouabain (10 ug/ kg ) produced ventricular fibrillation and dexath.
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Fig. (56) ECG traccs showing the prophylactic effect of moxonidine
(0.1 mg / kg) on ouabain - induced arrhythmia in urethane -
anesthetized rats:
a. Control tracing with heart rate 375 beats /min,
b. Moxonidine (0.1 mg/kg L.V.) was injected 15 minutes prior to
Ouabian injection reduced heart rate to 250 beats/ min.
¢ Ouabain (S ug/ kg LV. ) produce one veatricular extrasystole with
heart rate 115 beats /min.
d. Ousbain (7 ug/ kg LV.) produced multiple ventricular successive
extrasystoles.
e. Ousbzin (10 ug/ kg LV. ) produced ventricular fibrillation and
death.

jit
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Fig. (57) ECG traces showing the prophylactic effect of moxonidine
(0.3 mg / kg) on ouabain - induced arrhythmia in urethane -
anesthetized rats:
(a) Control record with heart rate 375 beats /misn.
(b) Moxonidine (0.3 mg/kg 1.V.) was injected 15 minutes prior to Ouabain
injection reduced heart rate to 214 beats/ min.
(c) Ouabain (5 ug/ kg LV. ) failed to produce ventricular extrasystole,
reduced heart rate to 107 beats/ min.
(d)Ounabain (10 ug/ kg LV.) produced multiple successive ventricular
successive extrasystoles,
(e) Ouabain (15 ug/ kg LV. ) produced ventricular fibrillation and death.
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Fig. (58) ECG traces showing the prophylactic effect of moxonidine
(1.0 mg / kg) on Ouabain — induced arrhythmia in urethane -
anesthetized rats:

(a) Control record with heart rate 300 beats /min.

(b) Moxonidine (1.0 mg/kg L.V.) was injected 15 minutes pnor to Ouabain

injection reduced heart rate to 167 beats/ min.

{c ) Ouabsin (5 ug/ kg LV. ) failed to produce ventricalar extrasystole, heart

rate was decreased to 100 beats/ min.

(d) Ouabain (10 ug/ kg LV.) produced only 2 ventricular extrasystoles.

(e} Ouabain ( 20 ug/kg L.V.) produced multiple ventricular successive

extrasystoles.

(f) Ouabain (30 ug/ kg LV. ) produced ventricular fibrillation and death
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4. The acute analgesic effect of moxonidine in rats

The mean basal forces (g) which were necessary to make the rats
respond to nociceptive stimuli were 335.83 + 16.03, 351.83 + 15.08 and
346.17 £ 14.15¢g for the various doses ofmoxonidiné 0.1,03and 1 mg/
kg, I.P. respectively in 3 different group of rats. |

After 15 minute of moxonidine administration the mean forces
became 337.0 £ 12.64, 420.33 £ 16.2 and 828.67 + 68.7 g for the doses of
0.1, 0.3 and 1mg / kg, I.P. of moxonidine respectively.

After 30 minute the mean forces increased to be 371.5 £ 6.89,
558.83 + 26.49 and 1070.83 + 26.39 g for the doses of0.1,0.3 and

I mg/kg, I.P. of moxonidine respectively.

After 45 minute the mean forces also increased to be 427.67
17.71, 835.17 £70.24 and 1181.83 £ 31.5 g for the doses of 0.1, 0.3 and

Img/kg, [.P of moxonidine respectively.

After 60 minute the mean forces still high to be 463.33 + 19.52,
1182.33 + 74.03 and 1313.5 + 23.27 g for the dose of 0.1, 0.3 and | mg

kg, LP of moxonidine respectively.

Thus, moxonidine produced an increase. in -thé ‘mean forces in
gradual manner over the time period (60 min.). This increase was
statistically significant for the dose of 0.1 mg/kg, 1.P. (P.<0.01) and the
doses of 0.3 and Img/kg, 1.P (P <0.001) in references to duration (Table
15, Fig. 59).
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Table (15): The acute antinociceptive effect of different doses of

moxonidine in rats.

Time
(min) 0 15 30 45 60
Dose of p
?fnox?‘“i)di The mean force (g) + SEM
335.83 3:7.0 371.5 427,67 | 46333
0.1 s s + + + <0.01*
16.03 12.64 6.89 17.71 19.52
351.83 420.33 558.83 835.17 | 1182.33
0.2 t + + + * <0.001*
15.08 16.2 26.49 70.24 74.03
346.17 | 828.67 | 1070.83 | 1181.83 1313.5
1.0 + + * + * <0.00I *
14.15 68.7 26.39 31.5 23.27

Data represented as mean £ SEM of six experiments
. * Significant at P < 0.05
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Fig. (59): Histogram showing the acute antinociceptive effect of different
doses of moxonidine in rats.
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Effect of yohimbine (o-adrenoceptor alitagonist) (1mg/kg,1.P)
pretreatment on the analgesic effect of moxonidine in rats

The mean basal forces (g) which were ﬁjecessary to make the rats
respond to nociceptive stimuli were 335.83 £ 1;6.03, 351.83 £ 15.08 and
346.17 £ 14.15 g for the various doses of 1ﬁoxonidine 0.1,03 and |
mg/kg. L.P. respectively in 3 different group of rajts.

|

After 15 minute of moxonidine adminigtration, in rats pretreated
with yohimbine (Img/kg I.P) 15 minutes priori to moxonidine injection,
the mean forces became 3285 £18.27, 354.33;_*- 12.58 and 504 £ 6.39 ¢
for the doses 0of 0.1, 0.3 and 1mg/kg, I.P. of moxquidine respectively.

After 30 minute the mean forces becaniie 333.0%17.76,396.0 £
6.09 and 539.17 + 10.49 g for the doses of 0.1, 0.3 and Img/kg I.P. of

moxonidine respectively.

After 45 minute the mean forces became iB36.33 + 16.46, 54133 +
6.12 and 739.83 + 1246 g for the doses of 0.1, 0.3 and 1mg/kg, I.P. of
moxonidine respectively. |

i
i

After 60 minute the mean forces increasied tobe 344.17 + 18.14,
706.33 £ 7.24 and 887.67 + 7.42 g for the dose:i; 0of 0.1, 0.3 and 1mg /kg,

I.P. of moxonidine respectively. |

Comparing the mean forces (g) after diffeirent doses of moxonidine
(0.1, 0.3 and 1mg/kg, LP.) with those after ifohimbine (Img/kg, L.P.)
pretreatment, it was found that yohimbine siéniﬁcantly (P <0.05)and
completely antagonized the analgesic effect ofi‘ moxonidine in a dose of
0.1 mg/kg, and also significantly (P <0.01) decré:ased the analgesic effect
of the doses of 0.3 and 1mg/kg (Table 16, Fig. 60) R
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Table (16): Effect of yohimbine pretreatment

different doses of moxonidine in rits.

pn the analgesic effect of

Dose- of Time ‘Moxonidine Mox¢nidine after
moxonidine | (min.) yphimbine P
(mg/kg) The mean force (g) + $EM
0.1 0 335.83 + 16.03 -
15 337.0+ 12.64 324.5+18.27 >0.05
30 371.5+6.89 3330+ 17.76 <0.05*
45 427.67 £ 17.71 336133 + 16.46 <0.05%
60 463.33 £19.52 344§17+ 18.14 <0.01*
03 0 351.83 £ 15.08 -
15 42033+ 16.2 354B3 £ 12.58 <0.01*
30 558.83 £26.49 39¢.0 £6.09 <0.01*
45 835.17 £ 70.24 541433 £6.12 <0.01*
| 60 1182.33 + 74.03 706033 + 7.24 <0.01*
* 0 346.17 + 14.15 -
15 828.67 £ 68.7 504.0 £ 6.39 <0.01*
30 1070.83 £+ 26.39 539.}7 +10.49 <0.001*
4s 1181.83 £31.5 73983 £ 12.46 <0.001*
) 60 1313.5 +23.27 887[67 + 7.42 <0.001* |

Data represented as mean £ SEM of six experiments

* Significant at P < 0.05
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Fig. (60): Histogram showing the effect of yohlnbine prd::reatlnent on the

antinociceptive effect of different dos
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IL. In vitro Experiments

1. Effect of moxonidine on isolated perfus

It was noticed that moxonidine 1n increasi

eI rabbit’s heart
g doses (1, 3, 10, 30 and

100 pg/ml) produced inhibition of the force of gontraction of the isolated

perfused rabbits heart in a dose-dependent manng

This
isolated perfused rabbit heart was statistically ing
of 1 and 3 pg/ml with percentage of redug
respectively. Meanwhile, it was significant (P
10 and 30 pg/ml with percentage of reduct
respectively, and significant (P <0.001) with t}

r (Figs. 61, 62).

inhibition of the force of spontarjeous contraction of the

ignificant with the doses
tion 0.53 and 11.97 %
< 0.01) with the doses of
on 33149 and 57.75 %
e dose of 100ug/ml with

percentage or reduction 76.58 % compared to bagal value (Table 17).

Site of action of moxonidine on isolated perfused rabbit heart

It was found that moxonidine added

produced inhibitory effect on the spontaneous
the isolated rabbit heart. This inhibitory effect v
after the addition of atropine in a dose of 1

addition of nicotine in a large dose of 100 pg/ml

- 171 -

in a dose of 30 pg/ml
rhythmic contractility of
yas completely abolished
pg/ml and also after the
Fig. 63).
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Table (17):

Effect of moxonidine on the

contraction of isolated perfused r

bit heart,

alplitude of spontaneous

Dose of Level of Level of %
moxonidine | contraction | contraction of P

(ug/ml) before /cm after /cm Rg¢duction
1 565+0.12 0.53 >0.05
3 5.47+0.14 11.97 >0.05
10 568+0.14 | 3.78+0.09 33.45 <Q.01*
30 2.4 +0.21 57.75 <0.01*
100 1.33+£0.03 76.58 <0.001*

Data represented as mean = SEM of six experiments

* Significant at P < 0.05
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Contraction (cm)

0 1 1 1 1

0 1 2 3 4
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Fig. (61): Histogram showing the effect of differeT

doses of moxonidine

on the amplitude of spontaneous coptraction of isolated

rabbit’s heart.
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30
Mo xonidin e —

Fig. (62): A record demonstrating the effect of graduafly increasing concentration of
moxonidine on the isolated perfused rabbit’ls heart.¢,. ..! v~ SH

Atropine NL.D
'O kg
100 pgrml

|

or!)nidine - _Ack - b Mo_,'omd‘r.p,_,._‘/" NS DJ M‘oxoﬂidine
¢ uq-rmt tu g 3 uq . mi 10 pgrmi 30 pc.m

Fig. (63): A record showing the site of action of moxohidine on the isolated perfused
rabbit’ s heart. '
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2. Effect of moxonidine on isolated rabbit’gaortic spiral strip

It was observed that addition of moxonidirfe in differ

ent dose levels

(0.1, 0.3, 1, 3, 10, 30 and 100 pg/ml) produced dpse related contraction of

the rabbit’s aortic spiral strip (Table 18, Fig. 65).

It was found that preincubation of yohimbine (
minutes prior to addition of different doses of I)xonidine
10, 30 and 100 pg/mi) produced significant
moxonidine-incduced contraction of the isolatefl rabbit’s
85.5 %, 68.2 %, 50%, 54.9 %, 57.28 %, 51.6% and 51.6

(Table 18, Fig. 66).

P < 0.05

Thus, ychimbine produced right shift of the dose reg

moxonidine (Fig. 64).

Meanwhile, preincubation of prazosin (J.0 ug/ml

1pg/ml) for 5
(0.1,03, 1,3,
) reduction of
aortic strip by

% respectively

ponse curve of

} for 5 minutes

prior to addition of different doses of moxonidine produckd insignificant

(P >0.05) reduction in moxonidine induced corftraction of
strip. The percentage of reduction were 32.7 po, 32.4%,
14.3%, 8.4% and 10.5 % for the doses of 0.140.3,1, 3,

ug/ml respectively (Table 18, Figs. 64, 67).

“1solated aortic
16.8%, 22.1%,
10, 30 and 100

Thus, prazosin produced

slight right shift of the dose response curve of mpxonidine (Fig. 64).
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Table (18): Effect of moxonidine on the isoaltted rabbit’s aortic strip

before and after yohimbine and pr

osin.

Response after yohimbine

Response after prazosin

- Original
‘Moxonidine (1ng) (1pg/ml)
response
pg/mi % of % of
(cm) (cm) . P (cm) P
reduction reduction
0.1 0.55+0.03 | 0.08£0.05 | 8550 | <0.05 | 037+0.04 | 327 | >0.05
0.3 1.48£0.45 | 0.47+0.03 68.20 <0.05 | 1.0£0.06 324 >0.05
1 2.240.46 | 1.110.17 50.00 <0.05 | 1.8310.32 16.8 >0.05
3 3.174£0.49 | 1.43£0.03 54.90 <0.05 § 2.4710.23 22.1 >0.05
10 4.05+0.31 | 1.73+0.09 57.28 <0.05 § 3.47£0.07 143 >0.05
30 4.0740.16 | 1.97+0.12 51.60 <0.05 § 3.7310.12 8.4 >0.05
100 4.55+0.13 | 2.210.15 51.60 <005 4.0x0.09 10.5 >0.058

Data represented as mean = SEM of six experiments

* Significant at P < 0.05
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Fig, (64): Histogram showing the effect of yohinfbine and prazosin on
moxonidine induced contraction offisolated

rabbit’s aortic strip.
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Fig. ( 65) : A record showing the effect of gradually
of moxonidine on isolated rabbit’s aortic

-178 -
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Fig. (66) : A record showing the effect of yohimbine pn moxonidine - induced
contraction of the isolated rabbit’ s aortic s¥ip.

Mo X on.dlne_”-—-

Fig. (67) : Arecord showing the effect of prazosin op moxonidine - induced
contraction of the isolated rabbit’ s aortic trip.
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