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RESULTS

IN VITRO EXPERIMENTS

A. Experiments on Guinea-Pig Tracheal Spigal Strip Pre-

garation:

1.

Effect on histamine-induced contrad

tion:

Verapamil (in doses from 2 to

duced inhibition in the resting
ted guinea-pig tracheal spiral str

for 10 minutes. The inhibition of

32 ug/ml) pro-

tome of the isola-

ip when incubated

the base line

was greatest with the highest dose used (32 ug/ml)

(Fig. 6). Furthermore, it caused i
the histamine (7 ug/ml)-induced con

dose dependent manner (Fig. 6}.

Verapamil (in doses from 8 to
on top of histamine-induced contraé
isolated guinea-pig tracheal spiral
inhibition of the contraction (Fig.
inhibition was dose dependent and f
inhibition varied with different dg
Histamine-induced contraction was 1
by the addition of verapamil in a g

(Fig. 7 B).

nhibition of

traction in a

64 ug/ml) added
tion of the
strip produced
7 A&B). This

he degree of

ses of verapamil.

early abolished

ose of 64 ug/ml




cumulative doses of verapamil (fry
ug/ml) on top of the histamine-induced

also caused inhibition of the contract

Effect on acetylcholine-induced contra

Verapamil (in doses from 2 to 32

inhibition in the resting tone of the [isolated guinea-
pig tracheal spiral strip when incubatpd for 10 minu-

tes. The inhibition of the base line pWas greatest

with the highest dose . used (32 ug/ml)

thermore, it caused inhibition of the acetylcholine

(3 ug/ml)-induced contraction 'in a doge dependent

manner (Fig. 9).

Verapamil (in doses from 8 to 512

on top of acetylcholine-induced contrgction of the

isolated guinea-pig tracheal spiral sfirip ‘produced

inhibition of the contraction (Fig. 1(

This inhibition was dose dependent ang

of inhibition varied with different dqses of verapa-
mil. Acetylcholine-induced contractign was comple-

tely abolished by the addition of verapamil in a

dose of 512 ug/ml (Fig. 10 C).

hm 4 to 32
contraction

jon (Fig.

hig/ml) induced
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B. Experiments on Isolated Perfused Guineal-Pig Lung Pre-

The inhibition of acetylcholinefinduced contra-
ction was also observed after the adfition of verapa-

mil in cumulative doses from 16 to 512 ug/ml on top

of the contraction (Fig. 11).

Earation:

1.

Effect of different doses of verapamil on isolated

perfused guinea-pig lung preparation:

Verapamil (in doses from 4 to 64 ug/ml) inc-

reased the volume of the perfusate in a dose depen-

dent manner (Table 9 and Fig. 12}. !

Effect of verapamil on histamine-induced decrease

in the perfusate:

Histamine induced a dose dependent decrease

in the volume of the perfusate (Tablle 10 and Fig.

13).

The changes in the volume of tHe perfusate
(ml/min.) in response to different doses of vera-
pamil (4, 8, 16, 32 & 64 ug/ml) injgcted 4 minutes
before histamine (4 ug/ml) at diffegent time inter-
vals were recorded in Table (11}. Y{erapamil anta-

gonized the decrease in the volume ¢f perfusate,




caused by histamine, in a dose depend
The volume of the perfusate at 5 minu]
mine administration, in response to dj
of verapamil , was represented graphigd
The values recorded were 73%, 80%, 874

of the control value respectively.

The change in the volume of perfy
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of verapamil was represented graphicall

The values recorded were 67%, 70%, 80%

the control value respectively.
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The changes in the volume of the
min.) of the isolated perfused guinea-
paration in response to different dosd

(4, 8, 16, 32 & 64 ug/ml) injected 4 n

r ’ r

acetylcholine (4 ug/ml) at different 4
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inutes before
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1 inhibited
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line adhinistration, in response to di
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the control value respectively.
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C.

Experiments on Isolated Perfused Rat Hi

nd Quarters

Preparation:

1.

Effect of different doses of verapapm

il on isolated

perfused rat hind quarters preparatL

on:

Verpamil {(in doses from 2 to 1p
reased the volume of the perfusate {

dent manner (Table 16 and Fig. 19).

Effect of verapamil on KCl-induced §

ug/ml) inc-

n a dose depen-

ecrease in

the perfusate:

KCl-induced a dose dependent dé¢

volume of the perfusate (Table 17 ag

The changes in the volume of t
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were recorded in Table (18). Verapj
zed the decrease in the volume of p
caused by KC1l, in a dose dependent 1
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d Fig. 20).
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The values recorded were 71%, 79%, 88%

of the contrel value respectively.

The changes in the volume of perf

, 100% & 107%

psate (ml/min.)

in response to different deses of verapamil (1, 2,

4, B & 16 ug/ml) injected 2 minutes af

ter KC1 (4 mg/

ml) at different time intervals were rkcorded in

table (19). Verapamil antagonized the
the volume of the perfusate caused by
dependent manner. The volume of the p
minutes after the addition of differen
verapamil was represented graphically
The values recorded were 75%,

the control value respectively.

Experiemtns on Isolated Rabbit Aortic

81%, 83k,

decrease'in
KC1l in a dose
erfusate at 2
E doses of

(22).

in Fig.

94%, 100% of

Btrip:

Verapamil (in doses from 0.25 to
duced inhibition in the resting tone o
rabbit aortic strip when incubated for
The inhibition of the base line was gr
highest dose (8 ug/ml)(Fig. 23 A&B).
caused inhibition of the KCl (4 mg/ml)

ction in a dose dependent manner (Fig.

Verapamil (in doses from 0.25 to

B ug/ml) pro-

F the isolated
10 minutes.
batest with the
Furthermore, it

-induced contra-

23 A&B).

E ug/ml) added




on top of KCl (4 mg/ml)-induced contractijon of the iso-

lated rabbit aortic strip produced inhibiltion of the

contraction (Fig.

different doses of verapamil and in genen

dependent.

24). This inhibition ¥

Experiments on Normal Unsensitized Guil

IN VIVO EXPERIMENTS

aried with

al was dose

hea-Pigs:

1, Effect of verapamil on normal guine

-pigs exposed

to histamine aerosol:

The control group of unsensiti

(injected with saline) exposed to 0

ped animals

L 5% histamine

aerosol showed dyspnea, urination, flefecation,

fall on one side and convulsions.
preconvulsive time (+ standard erro
the present experiments for the con
52.8 + 4.67 seconds (Téble 20). Th
injected with verapamil (3 mg/kg, i
sed to histamine after half an hour
ficant increase in the preconvulsiv

20).

error) recorded for the test group

The mean preconvulsive time (4

The mean

r) recorded in
trol group was
¢ test group
p.) and expo-
showed signi-
¢ time (Table
standard

yas 68.5 + 4.77




seconds. The calculated percentagq protection was

22,9%.

2. Effect of verapamil on normal guinda-pigs exposed

to acetylcholine aerosol:

The control group of unsensitiked animals
(injected with saline) exposed to 4 acetylcholine
aerosol displayed similar signs to ghose exposed
to histamine aerosol. The mean prefonvulsive time
(+ standard error) recorded for the|control group
was 52.9 + 3.96 seconds (Table 20).| The test group
injected with verapamil (3 mg/kg, ijp.) and exposed
to acetylcholine after half un hour|showed signifi-
cant increase in the preconvulsive fime (Table 20).
The mean preconvulsive time (+ stanflard error)
recorded for the test group was 67.F¥ + 6.3 seconds.

The calculated percentage protectiof was 21.9%.

B. Experiments on Ovalbumin Sensitized Gulnea-Pigs:

Effect of verapamil on sensitized gquin a-pigs exposed

to ovalbumin aerosol:

The control group of ovalbumin sersitized animals
(injected with saline) exposed to 5% dvalbumin aerosol

displayed similar signs to those exposdd to histamine




or acetylcholine aeroscol., The mean precq

(+ standard error) recorded for the contjol group was

172.4 + 6.02 seconds (Table 21). The tes
ted with verapamil (3 mg/kg, i.p.) and ej
bumin after half un hour produced signif]
in the preconvulsive time (Table 21). TH
vulsive time (+ standard error) recorded

group in this experiment was 299.2 + 14.(

calculated percentage protection was 42.]

nvulsive time

t group injec-

posed to oval-

cant increase

€ mean precon-—

for the test

5 seconds.

%.

The



Table (9): Effect of different doses of 1erapamil on the
o

volume of perfusate (ml/min.) Jof the isolated
+*

perfused guinea-pig lung prepgration .

Verapamil (ug/ml

Time
(min.) 4 8 16 32 64
1 10 10 10 1 11
2 11 11 11 2 12
3 11 11 11 b3 13
4" 11 12 12 13 13
5 10 12 12 13 13
6 10 12 12 13 13
7 10 11 12 12 13
8 10 11 12 12 13
9 10 11 12 12 13
10 10 11 12 12 13

* The control value was 10 ml/min.

** These values were represented graphifally (Fig. 12).




Table (10): Effect of different doses of| histamine on
the volume of perfusate (ml/pin.) of the

isolated perfused guinea-pig| lung prepara-

. *
tion .
Time Histamine (ug/ml)
(min.) 1 2 4 g
1 14.5 14 ]2 6
2 14 13 J0 5
3 13 12 10 4
4 13 12 10 4
* %
5 14 12 10 4
6 14 12 R 4
7 14 12 | O 4
8 14 12 | O 4
9 14 12 | O 4
10 15 13 Ll 4

* The control value was 15 ml/minute.

** These values were represented graphifally (Fig. 13).




Table (11): The changes in the volume of| perfusate {ml/

min.) of the isolated perfuspd guinea-pig

lung preparation in response to different
doses of verapamil injected minutes bef-
ore histamine (4 ug/ml) at different time

*
intervals .

Verapamil (ug/ml)

Time
(min.) 4 8 16 32 64 -
1 15 15 16 16 16
2 16 16 16 17 17
3 16 16 16 17 18
4 16 17 17 18 18
Histamine (4 uglfml)
1 15 16 16 16 16
2 12 14 14 15 15
3 11 12 13 14 15
4 11 12 13 14 15
5** 11 12 13 14 15
6 11 12 13 14 15
7 11 12 13 14 15
8 12 12 13 14 15
9 12 12 13 14 15
10 13 13 14 14 15

* The control value was 15 ml/minute.

** These values were represented graphjcally (Fig. 14).




Table (12): The changes in the volume of| perfusate (ml/.
min.) of the isolated perfusped guinea-pig
lung preparation in responserto different

doses of verapamil injected |2 minutes after

histamine (4 ug/ml) at diffgrent time inter-

*
vals .
Time Histamine (4 ug/ml)
{min.)
1 12 12 12 12 12
10 10 10 10 10
Verapamil (ug/m})
4 8 16 B2 64
1 10 10 11l | 2 12.5
2 10 10.5 11.5 L2.5 13
3 10 10.5 12 | 3 14
g 10 10.5 12 3 14
5 10 11 12 3 14
6 11 11 12.5 3 14
7 11 11 12.5 13 14
8 11 11 12.5 13 14
9 11 11 12.5 13 14
10 11 12 13 14 15

* The control value was 15 ml/minutes.

** These values were represented graphically (Fig. 15).




Table (13): Effect of different doses of| acetylcholine

on the volume of perfusate

(kl/min.) of

the isolated perfused guinealpig lung pre-

*
paration .

Acetylcholine (ug/ml)

Time
(min.) 0.5 1 2 4 8
1 16 15 13 11 6
2 15 14 11 10 5
3" 14 13 11 10 5
4 14 13 11 10 5
5 14 13 11 10 5
6 15 13 12 10 5
7 15 13 12 10 5.5
8 15 13 12 11 6
9 15 14 13 12 7
10 16 14 13 12 8

* The control value was 16 ml/minute.

** These values were represented graphifpally (Fig. 16).




Table (14): The changes in the volume of| perfusate
(ml/min.) of the isolated perfused guinea-
pig lung preparation in response to diffe-
rent doses of verapamil injected 4 minutes
before acetylcholine (4 ug/nl) at different

*
time intervals .

Verapamil (ug/nl)

Time
(min.) a 8 16 32 64 .
1 15 15 16 16 16
2 16 16 16 17 17
3 16 16 16 17 18
4 16 17 17 18 18
Acetylcholine (4 yg/ml)
1 15 16 16 16 16
2 12 14 14 15 15
3** 11 12 13 14 15
4 11 12 13 14 15
5 11 12 13 14 15
6 11 12 13 14 15
7 11 12 13 14 15
8 12 12 13 14 15
9 12 12 13 14 15
10 13 13 14 14 15

* The control value was 16 ml/minute.

** These values were represented graphilcally (Fig. 17).




Table (15): The changes in the volume of| perfusate
(ml/min.) of the isolated peffused guinea-
pig lung preparation in resppnse to diffe-
rent doses of verapamil injefcted 2 minutes
after acetylcholine (4 ug/ml) at different

A *
time intervals .

Time .
(min. ) Acetylcholine (4 Yg/ml)
1 11 11 11 11 11
2 10 10 10 10 10
Verapamil (uglrl)
4 8 16 b2 64
1 10 10 11 11.5 12.5°
2 10 10 11.5 12.5  13.5
3 10 10.5 12 L3 14
e 10 10.5 12 13 14
5 10 10.5 12.5 13 14
6 10 11 12.5 13 14
7 10 11 12.5 13 14
8 10 11 13 13 14
9 j0.5 11 13 14 14
10 11 11.5 13 14 14

*# The control value was 16 ml/minutes.

**These values were represented graphi¢ally (Fig. 18).




rable (16): Effect of different doses of |verapamil on

the volume of perfusate (ml/fqin.) of the

isolated perfused rat hind gjarters prepa-

ration.

Time Verapaﬁil (ug/ml

(min.) 1 2 4 $ 16
1 7 7.5 7.5 8 8
2** 7 7.5 7.5 8 8
3 7 7.5 7.5 8 8
4 7 7.5 7.5 g| 8
5 7 7.5 7.5 1.5 8
6 7 7.5 7.5 1.5 8
7 7 7.5 7.5 1.5 8
8 7 7 7.5 1.5 8
9 7 7 7.5 .5 8
10 7 7 7 .5 8

* The control value was 7 ml/min.

*#* These values were represented graphi¢

rally (Fig. 19).




Table (17): Effect of different doses of |[KC1l on the
volume of perfusate (ml/min. of the iso-

lated perfused rat hind quarfers prepara-
*

tion .

rime KCl (mg/ml)

(min.) 1 2 4 3 16
1 7 6.5 5.5 5 4
2** 7 6.5 5.5 5 4
3 7 6.5 5.5 5 4
4 7 6.5 5.5 5 4
5 7 6.5 5.5 5 4.5
6 7.5 7 6 q.s 5
7 7.5 7 6.5 d.5 5
8 7.5 7 7 g 5.5
9 8 8 7 g 5.5
10 8 8 7 q 5.5

* The control value was 8 ml/minute.

** These values were represented graphigally (Fig. 20).
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Table (18): The changes in the volume of |perfusate (ml-

min.) of the isolated perfus¢d rat bind

quarters preparation in resp¢nse to diffe-

rent doses of verapamil injeIted 2 minutes

pefore KCl (4 mg/ml) at diff

*

rent time int-

ervals .
Time Verapamil (ug/ml)
(min.) 1 2 4 3 16
7.5 .
7 . . 8
KC1 (4 mg/ml)
1 5 5.5 6 7 7.5
* %
2 5 5.5 6 j 7.5
3 5 5.5 6 7.5
4 5 6 6.5 .5 7.5
5 5.5 6 7 4.5 7.5
6 5.5 6 7 4.5 7.5
7 5.5 6 7 q.5 8
8 5.5 6 7 1.5 8
9 6 7 7 1.5 8
10 6 7 7 1.5 8

* The control value was 7 ml/minute.

** These values were represented graphidally (Fig. 21).




Table (19): The changes in the volume of|perfusate (ml/
min.) of the isolated perfuspd rat hind guar-
ters preparation in response to different
doses of verapamil injected P minutes after

KC1 (4 mg/ml) at different tlime intervals .

Time
(min.) kcl {4 mg/ml)]
q.
b . . 5. -
Verapamil (ug/ml)
1 2 4 8 16
1 6 6.5 6.5 1 7.5
% &
2 6 6.5 7 1.5 8
3 6 6.5 7 [,5 8
4 6 6.5 7 8
5 6 6.5 7 i 8
7 7 7 7.5 3 8
8 7 7 7.5 :] 8
9 7 7 7.5 3 8

* The control value was 8 ml/minute.

x% These values were represented graphifcally (Fig. 22).
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Table (20): Effect of verapamil pretreatpent (3 mg/kg

i.p.) on the mean preconvulsfive time

(seconds) of guinea-pig expoped to hista-

mine (0.5%) and acetylcholi

Each value represents the m

vations + SE.

ZE {4%) aerosol

n of 10 obser-

Histamine aerosol

Acetylcholline aerosol

Saline Verapamil Saline Verapamil
control pretreatment control pretreatment
52.80 68.50 52.90 67.7
+ 4.67 + 4.77 + 3.96 + 6.2
P < 0.025 P < 0]05

Percentage protection
22.9%

Percentag¢ protection

2

1.9%




Table (21): Effect of verapamil pretreajment {3 mg/ kg

i.p.) on the mean preconvulgive time

(seconds) of ovalbumin sensjtized guinea

pigs exposed to the antigen

aerosol (5%).

Each value represents the fean of 10

observations + SE.

Ovaibumin aerosol (5%)

Saline control Verapamil prefreatment
171.40 299.20
+ 6.02 sec. + l4.05-sec.'

P < 0.001

Percentage protection 42. 7%




Fig.

(6):

Effect of incubation with different doses of

verapamil (V) for 10 minutes on the histamine
(H)-induced contraction of the isolated
guinea-pig tracheal strip .

W = wash.

S

]

stop the kymograph for 10 minutes.
Doses are expressed as ug/ml of the bath solu-

tion.



Effect of different doses of verapamil (V)
added on top of histamine (H)-induced
contraction of the isolated guinea-pig
tracheal strip.

W = wash

Doses are expressed as ug/ml of the solu-

tion.



Fig.

(8}):

Effect of cumulative doses of verapamil on the

histamine (H)-induced contraction of the isola-
ted guinea-pig tracheal strip.

Doses are expressed as ug/ml of the bath solu-

tion.



F1g:s

(9)

Effect of incubation with different doses of
verapamil (V) for 10 min. on the acetylcholine
(ACh)-induced contraction of the isolated
guinea-pig tracheal strip.

W
S

wash.

steop the kymograph for 10 minutes.
Doses are expressed as ug/ml of the bath solu-

tion.



t

1

; ACh \
- M"Lﬁ‘_é pg/ml 16ug/ml _iiA_Egﬂﬁiﬁigr:o A
5
C

Effect of different doses of verapamil
(V) added on top of acetylcholine (ACh)-
induced contraction of the isolated gui-
nea-pig tracheal strip.

W = wash.

Doses are expressed as ug/ml of the

bath solution.



1 on the

£ cumulative doses of verapami
(ACh)-induced contraction of the

Fig. (11): Effect o

acetylcholine

isolated guinea-pig tracheal strip.



YOLUME OF PERFUSATE & MINUTES AFTER INJECTION OF VERAPAMIL
(% to contral)

Fig.

120 A
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(12):

Control 4 8 16 32 64

DOSES OF VERAPAMIL (ug/ml)

Effect of different doses of verapamil (ug/ml)
on the volume of perfusate of the isolated per-
fused guinea-pig lung preparation, 4 minutes
after injection of the drug. The values are

expressed as percentage of the control value.




VOLUME OF PERFUSATE 5 MINUTES AFTER HISTAMINE

Fig.

INSECTION (% 7O CONTROL)

100

80 7

60 —

40 7

20

(13):

Y .
Control 1 2 4 8

DOSES OF HISTAMINE (ug/ml)

Effect of different doses of histamine (ug/ml)
on the volume of perfusate of the isolated per-
fused guinea-pig lung preparation, 5 minutes
after injection of the drug. The values are

expressed as percentage of the control value.




VOLUME OF PERFUSATE (% TO CONTROL)

Fig.

1007

80—

60

40—

207

{14):

Control histamine 4 8 16 32 64
4 ug/ml
VERAPAMIL (ug/ml) INJECTED & MIN.
BEFORE HISTAMINE {%ug/ml)

Effect of different doses of verapamil on the volume
of perfusate-of the isolated perfused guinea-pig
lung preparation-when injected 4 minutes before his-
tamine. The volume was measured 5 minutes after
histamine administration andis expressed as percent-

age of the control value.
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Control Histamine 4 8 16 32 64
(4 ug/ml)

DOSES OF VERAPAMIL (ug/ml) INJECTED
2 MINUTES AFTER HISTAMINE (&ug/ml).

Fig. (15): Effect of verapamil on the volume of perfusate
- of the isolated perfused guinea-pig lung pre-
paration - when injected 2 minutes after hista-
mine. The volume was measured 4 minutes after
verapamil administration,and is expressed as

percentage of the control value.



3 MINUTES AFTER INJECTION

OF ACETYLCHOLINE (% TO CONTROL)

VOLUME OF PERFUSATE

Fig.
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Control 0.5 1 2 4 8

DOSES OF ACETYLCHOLINE (ug/ml)

(16): Effect of different doses of acetylcholine
(ug/ml) on the volume of perfusate, of the
isolated perfused guinea-pig lung preparation,
3 minutes after injection of the drug. The
values are expressed as percentage of the

contrel value.
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Control A.Ch. 4 8 16 32 64
4 ug/ml

VERAPAMIL (ug/ml) INJECTED & MINUTES
BEFORE ACETYLCHOLINE (& ug/mwl)

Fig. (17): Effect of different doses of verapamil on the
volume of perfusate, of the isolated perfused
guinea-pig lung preparation, when injected 4
minutes before acetylcholine (A.Ch.). The
volume was measured 3 minutes after acetyl-
choline administration and is expressed as

percentage of the control value.
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DOSES OF VERAPAMIL (ug/ml) INJECTED
2 MINUTES AFTER A.Ch. (% ug/ml)

Fig. (18): Effect of verapamil on the volume of perfusate, of
the isolated pérfused guinea-pig lung preparation
when injected 2 minutes after acetylcholine (A.Ch.).
The volume was measured 4 minutes after verapamil
administration, and is expressed as percentage of

the contrel value.
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DOSES OF VERAPAMIL (ug/ml)

Fig. (19}: Effect of different doses of verapamil (ug/ml)
on the volume of perfusate, of the isolated
perfused rat hind quarters preparation, 2 min-
utes after injection of the drug. The values
are expressed as percentage of the control

value.



VOLUME OF PERFUSATE 2 MINUTES AFTER KC1
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Fig. (20): Effect of different doses of KCl (mg/ml) on
the volume of perfusate - of the isolated
perfused rat hind quarters preparation - 2
minutes after injection of the drug. The
values are expressed as .percentage of the

control value.
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Fig. (21): Effect of different doses of verapamil on the

volume of perfusate - of the isolated perfused
rat hind gquarters preparation-- when injected

2 minutes before KCl. The volume was measured
2 minutes after KCl administration and is expre-

ssed as percentage of the control value.




- 104 -

100 —

o ]
w
=)
L‘—u

- = 80
=
)
w3
| )

- -
o
=
H‘—
::“
=
™
-2

- |
“ o
=W
b =

- = _
-
.
° ¥
o
x =
= o
u.l

o 20
S =

.

0

Control KC1 1 2 4 8 16
4 mg/ml
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2 MINUTES AFTER KC1 (& mg/ml)

Fig. (22): Effect of verapamil on the volume of perfusate-of

the isclated perfused rat hind quarters prepara-
tion - when injected 2 minutes after KCl. The
volume was measured 2 minutes after verapamil
administration and is expressed as percentage of

the control value.
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Fig.

({23 A&B): Effect of incubation with different doses
of verapamil (V) on KCl-induced contraction
of the isolated rabbit aortic strip.

W = wash.
5
Doses are expressed as ug/ml of the bath

stop the kymograph for 10 minutes.

solution.
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Fig. (24): Effect of different doses of verapamil(V) added
on top of KCl-induced contraction of the isola-
ted rabbit aortic strip.

W = wash. .
Doses are expressed as ug/ml of the bath solu-

tion.




