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Abstract

The present study was designed to evaluate effect of pantothenic acid to
gamma irradiated rats. Female albino rats (120-150gm) were subjected to (5
Gy) whole body B7Cs gamma irradiation. Fresh kidney specimens were
obtained after 1 and 4 weeks of treatment. Frozen sections were prepared for
histochemical study for localization of both acid, alkaline phosphatases and
succinic dehydrogenase enzymes. The enzymatic activity was quantitatively
evaluated and statistically analyzed. The obtained results showed significant
decrease in both alkaline phosphatase and succinic dehydrogenase enzymes
activity while the acid phosphatase enzyme activity was significantly
increased in comparison to the control group after one week, while after
four weeks the activity of both acid and alkaline phosphatase were
significantly increased, while the enzymatic activity of succinic
dehydrogenase decrease.

Pantothenic acid treatment (22 mgkg body weight / day for 6 days) after
half hour of radiation showed marked improvement of the radiation induced
changes in the activity of measured enzymes.

Finally it could be concluded that pantothenic acid could be of value in
improving the radiation injury on the kidney.

Introduction

Although our life style provides
us with many advantages, the utilization
of oxygen by cells results in the
production of highly reactive free
radical products. Uncontrolled reactive
free radical can results in damage to cell
structures and functions. Free radicals
are 1implicated in the progressive
accumulation of tissue damage, which
in some individuals may eventually be
recognized as disease (Packer, 1991).
The toxic role of free radicals has been
appreciated in several forms of cellular
injury and in a variety of disease states
(Boner et al., 1988).
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Antioxidant defenses that protect
the body from free radical damage
includes the enzyme superoxide
dismutase, catalase and glutathione
peroxidase and several micronutrients
such as antioxidant vitamins (Oski,
1980).

Pantothenic acid is antipellagra
vitamin essential to many animals for
growth and health. It is widely
distributed in nature, appreciable
amounts are found in the liver and some
microorganisms. Bound forms of
pantothenic acid, such as coenzyme A
and 4°- phosphopantetheine, play an
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important role in various metabolic
processes, degradation (Shimizu, 1999).

Pantothenic acid is a precursor
of coenzyme A, which is a cofactor
required for oxidative metabolism of
carbohydrates, gluconeogenesis synthe -
sis and breakdown of fatty acids, and
steroid synthesis (Ganong, 1995)

Pantothenic acid should be
particularly useful in producing a long
and healthy life due to their recently
discovered capacity as building blocks
for the vitaletheine modulators and
cofactors for associated enzymatic
receptors.

Exposure to high doses of
ionizing radiation is associated with
physiopathological ~ changes.  These
changes differ in their severity
according to the radiosensitivity and
responses of individual organs and
tissues (Yarmonenko, 1988).

It is well established that most of
the physiological activities in the animal
body were disturbed after exposure to
ionizing radiation. These disturbances
are either due to the direct harmful
effect of irradiation on the biological
systems or indirect effect of free
radicals liberated in the body after
irradiation (Hagen, 1989). Activities of
most lysomal enzymes increased after
exposure to ionizing radiation (Abou-
Safi, 1998). Alkaline phosphatase
showed to be sensitive to irradiation
(Roushdy et al., 1984).

Material and Methods

Forty-eight female albino rats
weighing from 120-150 gm were used.
Animals were housed in cages under
good ventilation condition and adequate
stable standard diet.

Irradiation was performed by
Gamma Cell-40 (Cesium-37) source
belonging to the National Center for
Radiation Research and Technology
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(NCRRT). This cesium source offers a
dose rate 1.367 rad/sec.

Rats  were  treated  with
pantothenic acid (22 mgkg body weight
/day) 1/2 hr. after whole body gamma
irradiation at the dose level 5 Gy.

The animals were divided into 4
groups each of them 12 rats.
Group It Control rats.
Group II: Irradiated group expo -
sed to a single dose of gamma rays at
the dose level 5 Gy.
Group III:  Treated group, they
are received pantothenic acid orally
in a dose of (22 mgkg body weight/
day ) for 6 days.
Group IV Irradiated and treated
group. Rats exposed to gamma rays
as in group I and after half hour of
exposure received pantothenic acid as
in group 111
The animals were scarified one
and four weeks after treatment, fresh
kidney specimens were obtained, frozen
sections (8 um thick) were prepared for
histochemical study.
Different histochemical techni -
ques were used for localization of the
activity of enzymes including .

Techniques  for  acid
phosphatase enzyme (Pearse, 1975).

. Modified Gamori Techniques for

alkaline phosphatase
(Pearse, 1975).

enzyme

. Nachla’s Technique for succinic

dehydrogenase enzyme (Nachla’s et
al., 1957 and Pearse, 1975).

Quantitative  analyses  were
carried out to evaluate the enzymatic
reaction  using  computer  image
analyzing system. The system is
supplied by research microscope and
colored video camera. Estimation of the
optical density (0:0) was done. The
obtained results were statistically
analyzed.
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RESULTS

Renal changes:

1 - Changes in the activity of the
acid phosphatase enzyme in the
renal tissues

After one week of the treatment
there is a significant decrease in the
enzyme activity in treated and irradiated
treated groups while the activity of
enzyme was significantly increased in
the irradiated group when compared to
the control group (Table 1).

After four weeks of the treatment there
is a significant decrease in the activity
of the enzyme in all groups when com -
pared to the control group(Table 3 ).
Changes in blood vessels

After one week of the treatment
there is significant increase in the
enzymatic activity in all groups when
compared with those in the control
group (Table 2).

After four weeks there is
significant decrease in the activity of the
enzyme in irradiated and irradiated
treated groups while a significant
increase in the enzyme activity of
treated group when compared with that
in the control group (Table 4).

2- changes in the alkaline
phosphatase enzyme activity in the
renal tissue.

After one week there is
significant  decrease in  enzymatic
activity in the irradiated and treated
groups when compared to those in the
control group, Significant increase in
the enzymatic activity was observed in
the irradiated treated group when
compared with those in control group
(Table 1).

After four weeks there is
significant ~ increase in  enzymatic
activity of treated irradiated group but
both irradiated and treated groups,
showed significant decreased in the
enzymatic activity. (Table 3).

Changes in the blood vessels

After one and four weeks of the
treatment there was a significant
decreased in the enzymatic activity of
all the groups when compared with the
control one (Table 2, 4).
3 - Changes in the succinic
dehydrogenase engzyme activityin
renal tissue

Significant  increase in  the
enzymatic activity of treated and
irradiated  treated  groups, when
compared with the control group after
one week, while a significant decrease
in the activity of enzyme in irradiated
group (Table 1). After four weeks,
there was significant increase in the
enzymatic activity all groups when
compared with those in the control one
(Table 3).
Changes in the blood vessels

After one week there was
significant increased 1in enzymatic
activity in both treated and irradiated
treated groups while a significant
decrease in the enzymatic activity was
noticed in the irradiated group when
compared with those in the control
group.
After four weeks there was significant
increased in the activity of the enzyme
of the irradiated and irradiated treated
groups and no change were noticed in
the treated group when compared to
those in the control one
(Table 4).

DISCUSSION

It is known that, over exposure
to ionizing radiation may cause
systemic injuries include damage to
blood forming organs, hormonal imba -
lance, and disturbance of enzymatic
activities.

Quantitative histochemistry
opens a new field of research by meas -
uring the metabolic and enzymatic
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activity in tissues and cell so better
understanding of the possible functional
changes. The kidney is one of the highly
active and vital organ, which can be
affected by physical factors as radiation.
Our results showed significant changes
in the activity of acid phosphatase,
alkaline phosphatase and succinic
dehydrogenase enzymes in kidney
subjected to radiation hazard.

The changes in the activity of
acid phosphatase enzyme was highly
related to the radiation dose (Lee et al.,
1994). The present study showed
significant increase in acid phosphatase
enzyme activity in the renal tissue either
cells or blood vessels of irradiated rats.
These results are in agreement with
Rene et al. (1971; Zyss and
Kaszezynska (1972), Shah and Gadhia
(1977), Snyder and Ekeland (1978).
Khamis and Roushdy (1991), who
observed an increase in the acid
phosphatase enzyme activity one week
post irradiated. Our results obtained
after 4 weeks from exposure are with
those finding of Kotb et al. (1991);
Verma et al., (1994), and Bahig and
Hassanin (1994) who observed that the
activity of the enzyme was increased
one week from exposure and followed
by gradual decrease in the activity of
the enzyme after irradiation Rubini and
Casarett (1968), observed pronounced
vascular  damage following renal
irradiation.  Radiation = damage is
characterized by a progressive reduction
in renal function with little evidence for
recovery (Stewart et al., 1986).

Alkaline phosphatase enzyme is
a membrane bound glycoprotein is used
as a marker enzyme for the plasma
membrane and one of its most
interesting aspects is easily inducible in
response to various stimuli (Knolwes et
al., 1979). The biological function of
this enzyme was uncertain, but it has
possible role in cellular transport
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(Russel et al., 1972), as a regulator of
cell metabolism (Huang et al., 1976). Its
activity had been found in the
intercellular as well as on the surface
membrane (Seetharam et al., 1977).

Our results showed significant
decrease in the activity of alkaline
phosphatase enzyme one week post
irradiation in the renal cellular
structures and blood vessels of the
kidney of rats exposed to (5 Gy) gamma
radiation which presist to four weeks
post exposure.

The activity of this enzyme
significantly decrease at one week post
irradiation while after four weeks the
activity increased. The decrease in that
enzyme activity observed in the present
study is similar to different pathological
condition. Thus, the enzyme activity
was reduced during starvation (M oussa
et al, 1987), in case of mercury
intoxification (Sastry and Rao, 1981),
after insecticide treatment (Moussa et
al., 1987) and in antibiotic treatment
(El-Beih et al., 1993 and 1998).

The various changes in the
activity of acid, alkaline phosphatases
and succinic dehydrogenase enzyme
were observed in this study related to
the effect of gamma irradiation on the
cell membrane permeability or the
integrity of the cell membrane resulting
in  serious disturbances of the
equilibrium, existing between the
intracellular and extracellular fluids
(Hashish et al., 1973).

Protection from gamma
radiation by chemical means, still of
interest of many radiobiologists, trying
to acheive less toxic substance with
maximum protecting action against
radiation effects.

Vitamins are one of the several
pharmacological compound that could
act as radioprotectors or curative to
damage effects of radiation exposure,,
(Kawasaki and Sakarai, 1969 and
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Kafafy, 2000).

Pantothenic acid is a water -
soluble B vitamin that cannot be stored
in the body and acts as an essential
component in the production of
coenzyme A, a vital catalyst which is
required for the conversion of
carbohydrates, fats and protein into
energy. Pantothenic acid is also referred
as an antistress vitamin due to its vital
role in the formation of various adrenal
hormones, steroids, and cortisone as
well as contributing to the production of
important brain neurotransmitters such
as acetylcholine . Pantothenic acid also
supports the normal functioning of the
gastrointestinal tract and is required for
the production of cholesterol, bile,
vitamin D, red blood cells and
antibodies (Schlosser, 1989).

Our results obtained showed that
administration of pantothenic acid after
radiation exposure induced significant
improvement in the enzymatic activity
measured in the different renal
structures and blood vesselsunder the
effect of radiation exposure through
increasing the immunity of the body
(Kishore et al., 1976). The modifying
role of pantothenic acid could be
attributed to its action in scavenging
free radicals produced after radiation

exposure and it have a redox reactions
(Moorthy and Hayon, 1977 and
Styshenkov et al., 1996 and 1999).
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Fig.(1):
Photomicrograph of sections in the rat kidney after 1 week showing acid phosphatase

enzyme activity.
1. Section of control kidney showing normal distribution of acid phosphatase

enzyme activity kidney structure.
2. Section of kidney exposed to gamma rays showing increase acid phosphatase

enzyme activity.
3. Section of kidney treated with pantothenic acid showing decrease acid

phosphatase enzyme activity.
4. Section of kidney exposed to gamma- rays and treated with pantothenic acid

showing decrease acid phosphatase enzyme activity.
(Gomori Tech., X200)
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Fig.(1):
Photomicrograph of sections in the rat kidney after 4 weeks showing acid phosphatase

enzyme activity.

1. Section of control kidney showing normal kidney activity.

2. Section of kidney exposed to gamma rays showing decrease acid phosphatase
enzyme activity.

3. Section of kidney treated with pantothenic acid showing decrease acid
phosphatase enzyme activity.

4. Section of kidney exposed to gamma- rays and treated with pantothenic acid

showing decrease acid phasphatase enzyme activity.
(Gomori Tech., X200)
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Fig.(IlT): Photomicrograph of sections in the rat kidney after 1 week showing alkaline

[
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phosphatase enzyme activity.
Section of control kidney showing normal kidney activity.
Section of kidney exposed to gamma rays showing decrease alkaline
phosphatase enzyme activity.
Section of kidney treated with pantothenic acid showing decrease alkaline
phosphatase enzyme activity.
Section of kidney exposed to gamma- rays and treated with pantothenic acid
showing increase alkaline phosphatase enzyme activity.

(M odified Gomori Tech., X200)
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Photomicrograph of sections in the rat kidney after 4 weeks showing alkaline
phosphatase enzyme activity.
Section of control kidney showing normal kidney activity.
Section of kidney exposed to gamma rays showing decrease alkaline
phosphatase enzyme activity.
Section of kidney treated with pantothenic acid showing decrease alkaline
phosphatase enzyme activity.
Section of kidney exposed to gamma- rays and treated with pantothenic acid
showing similar to control activity.

(M odified Gomori Tech., X200)
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Photomicrograph of sections in the rat kidney after 1 week showing succinic
dehydrogenase enzyme activity.
Section of control kidney showing normal kidney activity.
Section of kidney exposed to gamma rays showing increase in the succinic
dehydrogenase enzyme activity.
Section of kidney treated with pantothenic acid showing increase in the succinic
dehydrogenase enzyme activity.
Section of kidney exposed to gamma- rays and treated with pantothenic acid
showing increase in the succinic dehydrogenase enzyme activity.

(NachLas Tech., X200)
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Photomicrograph of sections in the rat kidney after 4 weeks showing succinic
dehydrogenase activity.
Section of control kidney showing normal kidney activity.
Section of kidney exposed to gamma rays showing decrease in the succinic
dehydrogenase enzyme activity.
Section of kidney treated with pantothenic acid showing increase in the
succinic dehydrogenase enzyme activity.
Section of kidney exposed to gamma- rays and treated with pantothenic acid
showing increase in the succinic dehydrogenase enzyme activity.

(NachLas Tech., X200)
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Table (1) Histochemical changes in the renal cellular structures under the effect of pantothenic acid after
one w eek in the different groups of the study

acid phosphatase alkaline phosphatase succinic dehydrogenase
control | radiation | Treated T.R. control | radiation | treated t.R control | radiation | treated t.R

1 1.32 1.3 1.300 1.410 1.38 1.260 1.310 1.350 1.240 1.100 1.460 1.580

2 1.46 114 1.320 1.240 1.33 1.180 1.350 1.300 1.420 1.260 1.370 1.370

3 117 1.44 1.290 1.110 1.31 1.120 1.390 1.570 1.360 1.110 1.510 1.590

4 1.29 1.31 1.320 0.260 1.35 1.290 1.340 1.500 1.350 1.340 1.480 1.470

5 1.25 1.42 1.220 0.820 1.39 1.220 1.140 1.420 1.370 1.190 1.470 1.330

6 1.40 1.58 1.310 1.400 1.42 1.150 1.200 1.420 1.310 1.410 1.350 1.350

Mean 1.315 1.365 1.293 1.040 1.36 1.203 1.288 1.427 1.342 1.235 1.440 1.448

S.D. 0.104 0.150 0.038 0.440 0.04 0.065 0.097 0.098 0.061 0.125 0.064 0.116

S.E 0.042 0.061 0.015 0.180 0.02 0.027 0.040 0.040 0.025 0.051 0.026 0.047

Gr. C:R C:T C:TR C:R C:T C:TR C:R C:T C:TR
Compa.

T.Value 0.293 0.293 0.082 0.001 0.113 0.122 0.048 0.025 0.076

Signif. S.inc S.Dec. S.Dec. S.Dec. S.Dec. S.inc S.Dec. S.Inc.. S.Inc..

Table (2) Histochemical changes in the blood vessels under the effect of pantothenic acid after ohe week in the different
groups of the study

acid phos phatas alkaline phosphatase succinic dehydrogenase
control radiation | treated | tR | control radiation treated tR control radiation treated | tR
1 0.34 0.48 054 |0.20 142 1.22 0.52 0.48 0.70 0.99 147 [0.60
2 0.54 0.91 0.89 |0.39 0.9 0.64 0.28 0.82 0.62 0.60 155 [0.53
3 0.26 0.59 0.75 |0.96 1.36 0.81 0.36 0.52 0.79 0.59 166 [0.80
4 0.28 0.38 048 |0.90 0.5 0.51 0.24 0.51 0.49 0.37 099 |[0.11
5 0.26 0.50 094 |1.04 0.89 0.22 0.38 0.52 0.62 0.24 087 099
6 1.20 1.03 022 |041 1.32 0.93 0.6 0.45 0.10 0.35 0.86 |0.85
Mean 0.480 0.648 0.637 0.85 1.065 0.722 0.397] 0.550 0.553 0.523 1.233 0.?4
S.D. 0.368 0.261 0.274 0.35 0.362 0.347] 0.139 0.135 0.243 0.269 0.366 0.21
S.E 0.150 0.106 0.112 0.1 :; 0.148 0.142 0.057] 0.055 0.099 0.110 0.149 0.;2
Gr.compa. C:R C:T C|:2T C:R C:T C:TR C:R C:T CI:QT
T.Value 0.045 0.271 0.§ 6 0.010 0.001 0.015 0.395 0.001 0.?9
Signif S.Inc. S.nc. | S.n S.Dec.. S.Dec.. S.Dec.. S.Dec.. S.nc. |S.n
c. c
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Table (3) Histochemical changes in the renal cellular structures under the effect of pantothenic acid after four week in the
different groups of the study

acid phos phatas alkaline phosphatase succinic dehydrogenase

control |radiation| Treated T.R. control | radiation treated t.R control |radiation | treated t.R

1 1.32 1.24 14 1.09 1.38 1.24 1.09 1.79 1.24 1.6 1.36 1.54

2 1.46 1.34 1.04 112 1.33 1.25 1.16 1.32 142 1.5 149 1.5

3 117 1.37 1.03 1.25 1.31 1.14 1.20 1.31 1.36 1.39 1.23 1.36

4 1.29 1.25 1.07 1.19 1.35 1.29 114 1.06 1.35 1.48 1.5 1.52

5 1.25 0.95 1.16 1.25 1.39 1.20 1.38 1.36 1.37 1.6 145 14

6 14 0.26 0.26 0.99 142 1.20 1.29 140 1.31 1.58 1.26 112
Mean 1.315 1.068 0.993 0.990 1.363 1.220 1.210 1.373 1.342 1.525 1.382 1.407
S.D. 0.104 0.423 0.385 0.990 0.041 0.052 0.107 0.236 0.061 0.084 0.117 0.157
S.E 0.042 0173 0.157 0.990 0.017 0.021 0.044 0.097 0.025 0.034 0.048 0.064
Gr. C:R CT C:TR C:R C:T C:TR C:R C:T C:TR

Compa.

T.Value 0.126 0.064 0.044 0.001 0.005 0.459 0.008 0.202 0.190
Signif. S.Dec. | S.Dec. | S.Dec. S.Dec. S.Dec. S.Inc. S.Inc. S.Inc. S.Inc.

Table (4) Histochemical changes in the blood vessels under the effect of pantothenic acid after four week in the
different groups of the study

acid phos phatas alkaline phosphatase succinic dehydrogenase
control | radiation | treated t.R control | radiation | treated t.R Control | Radation | Treated TR

1 0.34 0.32 0.73 0.49 142 0.57 0.39 0.25 0.70 1.04 0.98 0.90

2 0.54 0.26 0.46 0.29 0.9 0.4 0.07 0.2 0.62 0.48 0.65 0.50

3 0.26 0.31 0.49 0.16 1.36 0.23 0.67 0.05 0.79 0.98 0.49 0.82

4 0.28 0.70 0.15 0.06 0.5 0.01 048 0.25 0.49 0.98 0.07 0.82

5 0.26 0.05 0.20 0.78 0.89 0.5 0.67 0.49 0.62 0.89 0.65 0.98

6 1.20 017 1.01 0.46 1.32 0.03 0.33 0.24 0.10 0.86 0.45 0.56
Mean 0.480 0.302 0.507 0.373 1.065 0.290 0.435 0.247 0.553 0.872 0.548 0.763
S.D. 0.368 0.220 0.325 | 0.260 0.362 0.238 0.227 0.142 0.243 0.203 0.300 0.191
S.E 0.150 0.090 0.133 0.106 0.148 0.097 0.093 0.058 0.099 0.083 0.122 0.078
Gr.compa. C:R C:T C:TR C:R C:T C:TR C:R C:T C:TR
T.Value 0.204 0.394 | 0.282 0.002 0.007 0.003 0.024 0.485 0.033
Signif S. Dec. S.Inc | S.Dec. S. Dec. S. Dec. S.Dec. S.Inc. S.Dec S.Inc.
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Fig. ( 7 ): Histochemical changes in the renal cellular structures under the effect of pantothen
after one week in the different groups of the study
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Fig. (9 ): Histochemical changes in the renal cellular structures under the effect of pan

after four weeks in the different groups of the study
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Fig. ( 10 ): Histochemical changes in the blood vessels under the effect of pantothenic acid after one

week in the different groups of the study
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