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Abstract

The present study represents two main subjects.The first encounters
the effect of radiosterilization of certain pharmaceretical preparations
such as antihistaminics (cimetidine), anticonvulsants (diazepam), Beta
and Calcium channel blackers (propranolol and verapamil) on their
pharmacological activity. Results of this study revealed that the
previously mentioned drugs can be effectively and safetly sterilized by
gamma irradiation without deleterious effect on their pharmacological
activity.

The other subject presented in this study is concerned with chemical
protection against radiation damage which is essentially a
pharmacological subject encountering toxicological problems.Data of
this study demonstrated that chemical radiation protection has been
successfully reported using single drug administration such as
imidazole, and SH- bearing compounds. In the present coork, the
radioprotective effect of irnidazole was demonstrated on the
cardiovascular and respiratory systems. Furthermore, combined drug
administration was found to exert more protective action with less
toxicity and therefore minimize the side effects of the radioprotive
drugs. Thus, combination of imidazole and serotonin showed potential
protective activity against gamma irradiation at 6 Gy in rats. Their
radioprotective effect on blood gases was also reported. In addition,
combination of cysteine and vitamin E afforded a better protection on
adrenocortical function in rats than either agent alone.

Radiation Sterilization

In medicine, it is often essential to sterilize pharmaceuticals,
equipments, devices and bioproducts, to prevent secondary infections of
patients.

Sterilization is defined as complete destruction or removal of all
forms of contaminating microorganisms from the material or product
processed. This is accomplished in various ways depending mainly on
the material to be sterilized. The methods used for sterilization include
dry heat, autoclaving, heating with a bactericide, filtration, use of
ethylene oxide, and ionizing radiation (The British Pharmacopoeia,
1980).
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The beginings of radiosterilization go back to the late 1940s and
early 1950s . The availability of various types of electron accelerators
stimulated significant exploratory research on the applicability of
ionizing radiation to the destruction of some types of microorganisms
and to the sterilization of foods, pharmaceuticals and medical
products/1)

Radiation sterilization involves the application of sufficient ionizing
energy in the form of X-rays, gamma rays or accelerated electron
beams, to render an article free of viable microorganisms.^

Radiosterilization has many advantages over the conventional
methods of sterilization. It is easy to control by mechanical and physical
methods and gives a high degree of consistency.(3) Because of the great
penetrability of gamma rays, pre-packaged, hermetically sealed
products, possibly in their containers, can be conveniently sterilized.
The product remains sterile as long as the latter is unbroken. There is
complete freedom in the choice of packaging materials as radiation
does not rely on heat convection or permeation of moisture or gas. The
temperature rise in the object undergoing irradiation is negligible so
objects sensitive to heat can be safetly sterilized^4) Therefore, the use of
radiation sterilization is steadily replacing other sterilization techniques
on the grounds of convenience, economy and freedom from
crosscontamination(5).

Radiation Sterilization of Some Pharmaceutical Preparations:

Radiation sterilization is a technology which has rapidly come into
the field of pharmaceutics and medicine to provide a suitable mean for
efficient sterilization of pharmaceutical and medicinal products
especially those that are difficult to sterilize by conventional methods.

Although many of the pharmaceutical products show good
resistance to the chemical effects of radiations, yet some of them may
not be stable enough to withstand the effects of these radiations.

The main problem of applying radiation sterilization to
Pharmaceuticals lies is establishing the efficacy, safety and stability of
these irradiated pharmaceuticals. Therefore, if an irradiated product
conform to pharmacopoeial standards and is free from any toxicity and
its bioavailability is unaltered, then it may be considered suitable for
radiation sterilization or treatment.
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Several research work has been undertaken to determine the effects
of radiation on several pharmaceutical products as well as the difficulties
associated with radiosterilization of these preparations.

The following is a brief summary of the research work carried out
at the National Center of Radiation Research and technology (NCRRT)
in the field of radiosterilization of pharmaceuticals. Our interst lies not
only to study the chemical and microbiological effects of radiation, but
also its possible influence on the pharmacological as well as
toxicological activities of different drugs.

1- Antihistaminics: H2 - blockers (Cimetidine)W

The stability of cimetidine towards gamma - irradiation has been
investigated. The pharmacological activity of cimetidine was screened
by studying the effect of non-irradiated as well as irradiated drug on
basal and histamine - stimulated gastric acid secretion in lumen perfused
rat preparation.

This study revealed that gamma irradiated cimetidine was highly
active inhibitor of basal and histamine stimulated gastric acid secretion.

Assessment of the chemical constitution of the drug before and
after irradiation, using infrared (IR) spectrophotometry, ultraviolet (UV)
spectrophotometry and nuclear magnetic resonance (NMR)
spectroscopy were carried out.

The physicochemical study revealed that irradiation of the drug at a
dose level of 25 kGy has no remarkable effect on the chemical
constitution of cimetidine.

In conclusion, results of the present study showed that cimetidine is
chemically and pharmacologically stable when exposed to gamma
irradiation at a dose level of 25 kGy.

Anticonvulsance: Diazepam (10)

The effect of sterilization by gamma irradiation (25 kGy) of
diazepam on its anticonvulsant action, on normal and depleted cerebral
gamma aminobutyric acid (GABA), on glutamic acid, as well as
electrocorticogram activity (ECOG) was determined in the experimental
animals.
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For the evalution of the anticonvulsant action of either diazepam
(D) or irradiated diazepam (ID), pentylenetetrazole seizure test, was used
and the protective dose 50 (PD50 ) was determined in adult male mice.
GABA, the main central inhibitory transmitter which is implicated in the
mechanism of the anticonvulsant action of D, and its precursor glutamic
acid, were electrophoretically separated and spectrophotometrically
evaluated. Moreover, brain electrical activity was recorded using an
electroencephalograph apparatus. Although the PD50 of ID as well as
the effect on normal brain cerebral GABA and glutamic acids did not
differ significantly from that of D, yet there was certain variabilities.
Thus, the effect of D was about 4 times more potent than the ID on
elevating depleted cerebral GABA. Also, electrocorticogram records
demonstrated that D produced a slight inhibition while ID induced a
decrease in B rythrn with remarkable elevation in the amplitude of
(ECOG) waves. The same pattern of effects were obtained when!) or ID
were used in combination with INH ( 250 mg. kg "' ).

The present study revealed that although irradiation of D at 25 kGy
did not significantly alter its anticonvulsant activity as indicated by non
significant differences of this PDsos* yet it induced some detectable
changes on the depleted GABA contents as well as on (EC0G) activity.
Probably these variabilities reflect certain chemical and /or physical
changes which need further studies.

3 - Blockers ^J) : B- Adrenergic blocker (Propranolol)
: Calcium Channel blocker (Verapamil)

An experimental model of myocardial infarction has been
reproduced in rats by S.C. injection of isoproterenol (85 mg kg-1 ) for
two days. The prophylactic properties of verapamil and propranolol
before and after gamma-irradiation against this model of myocardial
necrosis were investigated. Pretreatment willl verapamil or irradiated
verapamil significantly reduced the myocardial damage, the enzymes
LDH & CK leakage and the increase in plasma creatinine. However,
verapamil and its irradiated form did not affect isoproterenol - induced
elevation of plasma creatine, FFA as well as cardiac NE content. On the
other hand, injection of propranolol or irradiated propranolol prior to
isoproterenol significantly reduced the myocardial necrosis, the
enzymes LDH & CK leakage and the plasma creatinine.Meanwhile, the
elevated levels of plasma FFA and cardiac NE content arising from
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isoproterenol injection were normalized and reduced respectively by
propranolol and irradiated propranolol pretreatment.

The present study revealed that irradiation of verapamil and
propranolol at dose level of 25 kGy did not change their prophylactic
properties against isoproterenol induced myocardial necrosis as
comared to non-irradiated drugs.

Chemical Radiation Protection

In view of steadily increasing applications of radiation technology
in different fields of medicine, biology, agriculture and industry,
problems of occupational radiation exposure for radiation workers as
well as environmental radioactivity for the population suggest increased
efforts to evaluate the radiation tolerance of living organisms to ensure
adequate radiation protection measures, one of the real possibilities of
increasing the radioresistance of an organism is the use of
pharmacological and chemical protectors that substantially reduce the
damaging effect of radiation.

Recent attempts have been carried out to discover chemical
protectors which are active against acute radiation damage.
Unfortunately, most of them proved not to exert their radioprotective
character except close to toxic levels. For this reason, several
investigators have attempted to increase protection against radiation
damage by using mixture of chemical protectors.

The innovation of mixtures of chemical protectors by some
investigators has resulted in tile demonstration of an increased
protection against radiation- induced acute lethality and decreased the
toxicity of such radioprotector compounds. Therefore, it seemed of
interest to study, the advantages gained by combination treatments with
radiochemical protectors.

Radioprotective Drugs:

Chemical protection against radiation damage is essentially a
pharmacological subject encountring toxicologic problems. Chemical
radiation protection has been successfully reported using a single as well
as combined drug administration. Among which are:
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(a) Heterocyclic-nitrogenous compounds:e.g.: imidazole and its
derivative benzimidazole.

(b) Thiols and other sulpher compounds bearing sulfhydryl group
(SH): such as cysteine and cystamine, glutathione, thiourea, thiola
and WR-2721 .

(c) Pharmacologic agents as cholinergic and adrenergic drugs,
autonomic blocking agents, cardiovascular drugs as sodium nitrite,
hormones.

(d) Metabolic Agents as carbohydrates, coenzymes and metabolic
inhibitors, aminoacids .... etc.

The following is a brief summary of the research work carried in this
field:

1 - Protective Action of single drug:
e.g.: limidazole. (12)

The radioprotective effect of imidazole on the blood pressure, heart
and respiratory rates was investigated in adult male rats. Whole body
gamma-irradiation at a dose level of 6 Gy exerted a significant
hypotension and tachycardia after one and seven days post gamma
irradiation. There was significant decrease in respiratory rate after one
day of irradiation, but a significant increase after 7 days, post -
irradiation (Figs 1, 2 & 3).

Administration of imidazole (350 mg. kg-1) did not significantly
affect the blood pressure, but significantly increased heart and
respiratory rates after one and seven days of imidazole administration.

Imidazole (350 mg. kg"1) 5-15 minutes before whole body gamma
irradiation at a dose level of 6 Gy significantly antagonised the effect of
gamma- irradiation on blood pressure, heart and respiratory rates.
Meanwhile, imidazole completely abolished the effect of gamma
irradiation on the respiratory rate,- but it did not completely abolish the
effect on the blood pressure and heart rate.

The results of the present investigation indicate that imidazole
(35Omg/kg) is a good protector against gamma - irradiation induced
changes on blood pressure, heart and respiratory rates.
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Fig. (1) : Effect of imidazoie (350 mg/Kg) on Systolic Blood Pressure
after one and seven from-whole body y irradiation

* Significantly different from normal control value at P < 0.05

(a) Significantly different from irradiated animals at P < 0.05

(b) Significantly different from the value obtained after one day of exposure at P < 0.05.
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Fig. (2) : Effect of imidazoie (350 mg/Kg) on heart Rate in adult male
rats after one and seven from-whole body y irradiation

* Significantly different from normal control value at P < 0.05
(a) Significantly different from irradiated animals at P < 0.05
(b) Significantly different from the value obtained after one day of exposure at P < 0.05.
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Fig. (3) : Effect of imidazoie (350 mg/Kg) on Respiratory rate in adult

male rats after one and seven from-whole body y irradiation

* Significantly different from normal control value at P < 0.05

(a) Significantly different from irradiated animals at P < 0.05

(b) Significantly different from the value obtained after one day of exposure at P < 0.05.

2 - Protective Action of Combined Administration:

e.g.: (1) Serotonin + Imidazoie (13 & 14)

Imidazoie combined with serotonin showed potential protective
activity against gamma-irradiation at 6 Gy in rats. The protective effect
was significantly higher than that produced by each agent alone.

The LDS0 of imidazoie alone was 471.31 mg.kg-1 while the LD50 of
a mixture containing imidazoie and serotonin was 175 mg.kg

imidazoie + 60 mg.kg1 serotonin

The percent survivals of rats irradiated at 6 Gy was 50% on the 1st

week post irradiation. The percent survivals and the survival rate was not
significantly increased after treatment with a mixture containing 175 or
100 mg.kg -1 imidazoie with serotonin 15 mg.kg-1. In addition, the 50%
survival was achieved on the 4 th and 3 rd weeks of treatment with 50
and 25 mg.kg-l imidazoie and with 15 mg.kg-l serotonin respectively.
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Combined administration of 50 mg.kg-1 imidazole + 15 mg.kg'1

serotonin induced significant increase in SGPT and SGOT activities.
The increase in SGPT and SGOT was high enough to reflect detectable
changes in liver function.

Combined administration of 50 or 175 mg.kg"1 imidazole with 15
mg.kg"1 serotonin induced severe congestion of blood vessels, severe
hydropic degeneration, massive areas of necrosis in addition to liver
fatty infiltration.

It could be concluded that combination of 50 or 25 mg.kg" *'
imidazole with 15 mg.kg"1 serotonin are the best suitable doses for
radioprotection. However, they may show some toxicity on the liver.
Further studies may be needed to investigate the toxicity of this
combination on other parameters such as the kidney function and the
haematobiotic system.

The role played by the previous mixture in protecting
radiosensitive, parameters against the lethal effect of ionizing radiation
was also performed . The radiosensitive parameters tested were blood
gases such as PaO2, PaCO2 and total CO2 These parameters were
investigated after 1, 3 and 7 days post -exposure at the lethal dose level
of 6 Gy.

The present study reveals that combined administration of
imidazole (175 mg.kg"11) with serotonin (15 or 30 mg.kg"1') exerts a
suppressive effect on the oxidative process. Pre-irradiation treatment
with a mixture of imidazole (25 mg.kg-1) with serotonin (15 mg.kg"1)
induced an initial significant increase in PaO2 in blood 1 and 3days
after treatment, followed by a drop recorded on the 7 th day of
treatment.

It could be concluded that pre-irradiation treatment with a mixture
of imidazole (25 mg.kg"1) and serotonin (15 mg/kg -1) succeeded, to
some extent, in amelioration of radiation - induced changes in blood
gases.

(2) Cysteine + Vitamin E.<15)

Radioprotective effect of cysteine, vitamin E and their combination
on adrenocortical function in male rats has been studied 24 hrs and 48
hrs after whole - body gamma - irradiation at a dose level of 7.5 Gy.
For evaluating the adrenocortical function, adrenal cholesterol content
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and glucose 6- phosphate dehydrogenase (G6 - PD) activity in addition
to plasma corticosterone were estimated.

Combination of cysteine and vitamin E, has been effectively found
to enhance the survival of irradiated rats than either agent alone (Fig. 1).
Moreover, the results of the adrenocortical function revealed that whole
- body gamma - irradiation caused an initial increase in the level of
plasma corticosterone followed by a marked drop in its level as
compared to normal values 24 hrs and 48 hrs post - irradiation
respectively. Such alteration in plasma corticosterone was accompanied
by a significant increase in adrenal cholesterol with a progressive
decrease in the activity of adrenal G6 - PD (Table 1).

Pretreatment with cysteine or vitamin E gave a significant
radioprotection to the above adrenocortical parameters. However,
combination of both agents afforded a better protection, so that all the
measured parameters were restored to the pre-irradiated values. The
greater improvement in the radioprotective action of cysteine by
concurrent administration of vitamine E was explained in the light of
antioxidant properties of vitamin E.

Future Work:

Our object now is to study the following subjects:

(1) Pharmacokinetic Study of Gamma Irradiated Drugs:

1 - Absorption

2- Distribution

3- Biotransformation

4 - Excretion

(2) - Treatment of Radiation Injury:

1 - Treatment of Acute Exposure to radiation.

2- Treatment of Chronic Exposure to radiation.
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Irradiated group U

Vlte* 7.5 Gy

Cyst*;? Gy

2 80

Fig. (1) : Survival rate of y - irradiated rats pretreated with cysteine ($),
vitamin E (#) and their combination

($) Cysteine was given at a dose level of 300 mg/kg I.P., 15 min before, y-irradiation.
(#) vitamin E was given daily at an oral dose of 400 I. U. / kg for 5 days before, y-

iradiation.

Table 1 : Radioprotective effects of cysteine($), vitamin(#) E and
their combination on adrenocortical function in male rats at 24 hrs

and 48 hrs following whole-body y -irradiation (7.5 Gy)
Values are means of 8 observations ± S.E.

Groups

Control
Irradiated
Irradiated
and
pretreated
with:
Cysteine

Vitamin E

Cysteine +
Vitamin E

2 :b
Plaska

Corticostero
neug/dl

24.712.15
(a)

33.6±2.42

(b)
24.1 ±2.39

26.1 ±1 .21
(b)

26.7±2.42

Postirrad
Adrenal

Cholesterol
kg/100kg
adrenal

2.66±0.12
(a)

4.25 ±
0.29

(a)
4.13±0.30

(a.b)
9.42 ± 0.23

(b1)
2.82 ± 0.20

iation
G-6-PD

unis/g adrenal

162 ± 7.31
(a)

87.2 ±
6.14

(a)
110±10.2

(a1^
121 ± 9.32

(b1)
177 ± 15.2

48 b
Plaska

Corticostero
neug/dl

24.7 ±2.15
(a1)

10.3 ±
0.92

(b1)
27.2±2.32

(b1)
23.3 ± 2.29

(a.b1)
26.4 ± 1.41

Postirrad
Adrenal

Cholesterol
kg/100 kg
adrenal

2.88 ± 0.12
(a1)

5.61 ±
0.39

(a1)
4.35±0.40

(a.b1)
3.24 ± 0.16

(b1)
2.52 ± 0.20

iation
G-6-PD
Units / :
adrenel

162 ± 7.31
(a1)

35.2 ±
3.45

(ab2)
122±11.4

(b1)
137 ± 13.2

(b1)
159 ± 11.9

g y
Significantly different from irradiated at P < 0.05^b), 0.001 (b )
($) Cysteine was given at a dose level of 300 mg/kg LP. 15 min before y -irradiation
(#) Vitamin E was given daily at an oral dose of 400 LU/kg for 5 days before y -irradiation.
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