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ABSTRACT

The objective of the present study was to assess the sub-chronic effect of
combination between ethephon and gibberellic acid on brain mitochondrial adenosine
tri-phosphatas, brain and whole blood acetyl cholinesterase. Male ICR (CD-1) mouse
was used as an experimental model. The experiment duration was 23 weeks through
which animals received diets containing ethephon in a series of concentrations of 0,
25, 50 and 75 milligram per kilogram diet respectively with and without 50 mg of
gibberellic acid. A significant variation was recorded between the effect of ethephon
and that of ethephon - gibberellic acid combination on the activity of total
mitochondrial ATPase in mice brain (P < 0.05). Gibberellic acid antagonized the
inhibition occurred by ethephon in case of the two smaller dietary concentrations 25
and 50 mg / kg diet. Ethephon induced a highly significant £0.01) concentration -
dependent activation in Mg+2 ATPase in animals exposed to the two lower dietary
concentrations 25 and 50 mg / kg with and without gibberellic acid. Ethephon induced
a highly significant (p< 0.01) dietary concentration -dependent inhibition in brain Na'/
K" ATPase. Gibberellic acid obviously reduced inhibition in animals received the two
smaller concentrations (25 and 50 mg / kg diet). No significant variation was found in
brain acetyl cholinesterase neither among treated groups nor between these groups
and the control (p= 0.05). Gibberellic acid indu ced a highly significant recovery in the
inhibited whole blood AChE in groups fed the low concentrations of 25 and 50 mg / kg
diet (p < 0.01). While at higher concentration (75 mg / kg diet) gibberellic acid showed
an additive inhibitory effect on whole blood AChE.
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INTRODUCTION

Many types of chemicals have been extensively used in agriculture,
and plant growth regulators are among those widely employed (Mickel 1978).
Ethephon is an organophosphorus plant growth regulator that, upon
absorption into plants, forms ethylene gas which is an important component
of the plant hormone complex. Ethephon is currently registered for use on
many vegetables fruits and grain crops (Kidd and James, 1991). Gibberellic
acid-3 (GA-3) is a naturally occurring plant growth regulator which may cause
stimulation of seed germination and cell elongation. Gibberellic acid-3 is heat-
resistant, not losing its activity after 4 hours at 100°C (Deno 1993). Many
different gibberellins are present in common plants like rice, corn, wheat and
barley (Tamura 1990).

The toxic effects of organophosphorus compounds are primarily
based on inhibition of acetylcholinesterase (AChE) enzyme which participates
in the transfer of impulse in central synapses of the cholinergic nervous
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system through a chemical mediator, acetylcholine. At the same time,
organophosphates and their metabolites have been reported to inhibit
adenosine tri-phosphatase in animal tissues (Krstic et al., 2007). Chronic
dietary toxicity studies on mice and rats proved that ethephon induced a
significant dose-related inhibition of plasma and RBC cholinesterase activity
in males and females (United States Environmental Protection Agency, 1988
and 2006).

Tuluce and Celike, (2006) reported that GA3 induced sub acute and
sub chronic adverse effects on serum marker enzymes and erythrocytes in
rats when exposed to 75 ppm of GA3 in drinking water for 50 days. El-Okazy
(2008) proved that gibberellic acid slightly reduced the inhibitory effect of
acute oral doses of ethephon on mice brain acetylcholinesterase.

The aim of the present study is to investigate the effect of sub chronic
dietary exposure to combination between ethephon and gibberellic acid on
some enzyme activities in mice brain and blood.

MATERIALS AND METHODS

1-Tested materials:
a- Ethephon (2-chloroethylphosphonic acid), Hockley-phone 48, 480
gram per liter, supplied by Hockley International LTD, UK.
b- Gibberellic acid (PROGIB 40%) supplied by Valent BioSciences
corporation, U.S.A.
2- Experimental animals:

Seventy male ICR (CD-1) mice, two months-old of a mean body
weight of 21.35 + 2.91 g were supplied from the Animal House of the
Reproductive Toxicology Lab. Faculty of Agriculture, Alexandria University
two weeks before treatments and adapted to the condition of the Animal
House at the Regional Center for Food and Feed, Agricultural Research
Center, Dekheila, Alexandria. Mice were housed in stainless steel cages and
divided into seven groups of ten mice each. The experiment duration was 23
weeks during which animals were fed a regular rabbits diet (contains 18 %
crude protein, 2.8 % crude fat, 12 % crude fibers and 1 % vitamins and
minerals premix). Treatments were added to the diet by dilution with water
and spraying on the prepared diet and then air dried in cool and dark place
every week. Group | received a regular diet and was referred to as control
group. Groups I, 1l and IV received diets containing ethephon in a series of
concentrations of 25, 50 and 75 milligram per kilogram of feed respectively.
Groups V, VI and VIl received diets containing ethephon in a series of
concentrations of 25, 50 and 75 milligram per kilogram of feed respectively in
addition to gibberellic acid in a concentration of 50 milligram per kilogram of
the diet for each concentration of ethephon. At the end of the experiment,
animals were anesthetized and autopsied. Brains were removed, weighed
and divided into two halves. The first half was homogenized in 10 volumes
(w/v) of 0.1M phosphate buffer of pH 7.4 using polytron homogenizer for thirty
seconds. The homogenates were then centrifuged at 6000 x G for 20 minute
at 4 ° C using a Sorvall RC 50 Plus High Speed Centrifuge. The
supernatants were stored at -20° C until protein determination and enzyme
assays. The second half was prepared for mitochondria separation.
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Preparation of brain mitochondrial ATPase:

Mitochondria were prepared according to Koch (1969). Brains were
dissected and placed in ice-cold medium containing 0.25 M sucrose, 1 mM -
ethylene diamine tetra acetic acid (EDTA), and 20 mM tris-HCI, pH 7.4 they
were homogenized using polytron homogenizer for 30 seconds and filtered
through a double layers of cheese cloth. The filtrates were centrifuged at
3000 rpm for 10 minutes at 4° C using a Sorvall RC 50 plus High Speed
Centrifuge. The supernatants were further centrifuged at 11,000 rpm for 20
minutes at 4° C. The pellets containing mitochondria were washed twice with
0.25 M sucrose, 1mM ethylene diamine tetra acetic acid (EDTA) pH 7.4 and
centrifuged as before. The pellets were re-suspended in the same buffer
using a glass homogenizer, and stored at - 20°C.

Determination of protein in tissue and mitochondrial homogenates:

Protein of brain homogenates and mitochondria was determined using
the method of Bradford (1976). 50 pl of 1 % solution of Triton X 114 was
added to 20 pl protein aliquot (to increase protein solubility) , the volume was
made up to 100 pl with the homogenizing buffer and shaken well .The
mixture was left for five minutes at room temperature , then 4.9 ml of
Coomassie blue G 250 reagent ( 0.1 g coomassie brilliant blue G 250 in 50
ml ethanol 95 % , 100 ml phosphoric acid 85 % and the solution was
completed to a final volume of 1000 ml with distilled water and filtered ) was
added and mixed well then incubated at room temperature for 2 minutes. The
developed color was measured at 595 nm against reagent blank using a
Turner U 500 UV / Vis. Spectrophotometer at the Regional Center for Food
and Feed, Agricultural Research Center, Alexandria.

Acetyl Cholinesterase assays:

Cholinesterase activity was assayed according to the method of Ellman
et al. (1961) which depends on measuring the increase of yellow color
produced from thiocholine when it reacts with dithiobis - 2 nitrobenzoate ion.
The reaction mixture contained 2.9 ml of 0.1 M phosphate buffer pH 7.4 and
20 pl of the enzyme preparation, the mixture was shaken and then 50 pl of
the substrate of 0.075 M acetylthiocholine iodide was added. The absorbance
of the developed yellow color was recorded at 412 nm. AChE activity is
expressed as optical density / g protein / minute.

Adenosin triphosphatase (ATPase) assay:

Brain mitochondrial adenosine triphosphatase (ATPase) activity was
assayed according to the method of Cutkomp et al. (1971) by measuring the
concentration of inorganic phosphate liberated by the hydrolysis of adenosin
triphosphate (ATP). 20 - 40 pl aliquots (containing 20-40 pg protein) from the
mitochondrial preparation of brain tissues were mixed with ATPase reaction
mixture to a final volume of 850 pl. The reaction mixture is composed of: 50
mM tris HCI pH 8; 5 mM MgCl,; 50 mM KCI (all were analytical grade
reagent). The total volume was completed to 0.9 ml by adding 50 ul of 5 mM
ATP. The mixture was incubated for 30 minutes at 37 ° C in a shaking water
bath. The reaction was terminated by adding 0.1 ml of 50 % ice-cold solution
of trichloroacetic acid to a final volume of 1 ml. In order to measure the
amount of inorganic phosphate released 4 ml of freshly prepared ferrous
sulfate FeS0O,.7H,0 solution in ammonium molybdate (Taussky and Shurr
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1953). The absorbance of the blue color was red at 740 nm against sample
blank in which the TCA was added before the enzyme to prevent its function
.The absorbance obtained was compared to a standard curve of known
phosphate concentrations between 0.1-1.0 u moles of NaH,POy,.

The activity of adenosine triphosphatase was expressed as p mole of
inorganic phosphate per mg protein per minute. Mg * ATPase activity was
measured when 0.85 m M ouabain (the specific inhibitor of Na'/K* ATPase)
was added to the reaction mixture. Na'/K® ATPase activity is the total
ATPase activity minus the Mg *2 ATPase activity.

Statistical analysis:

Presentation of data and statistical analysis of the results were
carried out using the analysis of variance (ANOVA) and Fisher's least
difference (LSD) according to Steel and Torrie (1981).

RESULTS AND DISCUSSION

1- The effects of combination between ethephon and gibberellic acid in
diet on mice brain mitochondrial adenosine tri-phosphatase
(ATPase) activity:

The activity of adenosine tri-phosphatase is considered a good index of
cellular activity and useful toxicological indicator (Reedy et al. (1992). Table 1
represents the effects of sub-chronic dietary exposure of the tested materials
on the activity of mice brain mitochondrial ATPase activity. It was found that
there is a statistically significant difference between the effect of ethephon
and that of ethephon - gibberellic acid combination on the activity of total
mitochondrial ATPase in mice brain under the present study condition (P <
0.05). The inhibitory effect of organophosphates on adenosine-
triphosphatase was established in both mammals and non mammals (Ibrahim
1991, Reedy et al., 1992 and Habiba and Ismail 1992).

Table 1: The effect of sub-chronic dietary exposure to tested materials
on mice brain mitochondrial ATPase activity:

Total Mg™" Na' K*

Group treatments ( mg / kg diet ) ATPase ATPase ATPase

(L mole Pi/ mg protein / minute)
I (0) Control 1.21+0.48 0.28+0.13 0.88+0.15
Il (25 mg ethephon / kg) 1.02+0.47 0.32+0.09 0.90 +0.16
Il (50 mg ethephon/ kg ) 0.86 £0.26 0.43+0.08 0.46 +£0.09
IV (75 mg ethephon /kg ) 0.74+0.27 0.27+0.13 0.47+0.11
V (25 mg ethephon + 50 mg gibberillic acid / kg) 1.24+0.36 0.32+0.09 0.87+0.12

VI (50 mg ethephon + 50 mg gibberillic acid / kg) 1.23+0.64 0.37£0.19 0.82+0.15
VIl (75 mg ethephon + 50 mg gibberillic acid /kg) 0.83+0.37 0.31+0.16 0.54+0.14
Values of estimated F:

Source of variance Total ATPase Mg~ ATPase Na” K™ ATPase

Treatments 4.55* 0.018 69.57**
LSD (treatments) 0.161945039 0.04579137362 0.02447204858
Dose 1.72 5.44** 117.7*
LSD ( Doses) 0.4124790953 0.06835393396 0.068702073
N=5

*. Significant variation at 0.05 level of significance
**: Highly Significant variation at 0.01 level of significance.
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Addition of gibberellic acid to the diet remarkably changed the figure
in case of the two smaller dietary concentrations 25 and 50 mg / kg diet.
Gibbereillic acid recovered the inhibition occurred by ethephon to values
similar to those of the control group. It was also noted that there was no
significant difference between the effect of ethephon and combination with
gibberellic acid on the activity of Mg*>ATPase in mice brain (P = 0.05).
Ethephon induced a highly significant (p< 0.01) activation of Mg *2 ATPase in
animals exposed to the two lower dietary doses 25 and 50 mg / kg with and
without gibberellic acid. The activation is recovered to the control level at the
75 mg / kg dietary concentration.

Na“ / K" ATPase enzyme is associated with lipoproteins on membrane
structure (Nakao et al., 1974). Kinter et al. (1972) speculated that lipophilic
compounds exert biological effect on ATPase system which would induce
partitioning in the enzyme complex. Table 1 showed that there was a highly
significant (p < 0.01) difference between the effect of ethephon alone and
ethephon with gibberellic acid on the activity of brain Na'/K® ATPase.
Although ethephon induced a highly meaningful dose dependent inhibition in
the enzyme activity, Gibberellic acid obviously reduced such inhibition in
animals fed on the two smaller concentrations (25 and 50 mg / kg).
2-The effects of combination between ethephon and Gibberellic acid in

diet on mice brain and whole blood AChE activity:

Many organophosphates are undergoing increasing restriction (United
States Environmental Protection Agency EPA 2000 and 2002) because of
their neurotoxic effect (Barone et al., 2000, Rice and Barone, 2000,
Landrigan, 2001 and Casida and Quistad, 2004).

Table 2 exhibits the effect of sub-chronic dietary exposure to ethephon
and ethephon gibberellic acid combination on the activity of brain and whole
blood acetyl cholinesterase. It was found that there is no significant difference
between the effect of ethephon alone and ethephon in combination with
gibberellic acid on the enzyme activity (p = 0.05). It was also found that there
is no significant variation in brain acetyl cholinesterase neither among groups
fed on various dietary concentrations nor between these groups and the
control (p = 0.05).

Table 2 also showed that there is no significant difference between the
effect of ethephon alone or ethephon in combination with gibberellic acid on
the activity of whole blood acetyl cholinesterase (g 0.05). Both treatments
induced inhibition in whole blood AChE than the control group. The United
States Environmental Protection Agency (EPA) (2006) reported that the most
sensitive indicator of exposure to ethephon is the inhibition of red blood cell
and plasma cholinesterase which occurs at low levels of exposure and may
not be accompanied by clinical signs of toxicity until a threshold level of
exposure is reached. Organophosphorus compounds have been classified as
phosphorylating agents that inhibit Acetylcholinesterase. The toxic effects of
ethephon on esterases are mediated through other reactive moiety (Casida
and Toia, 1992).

Source of variance Brain AChE Whole blood AChE
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Treatments 1.41 0.09
LSD (treatments) 2.033056188 0.1730848163
Dose 0.30 14.72**
LSD ( Doses) 2.835386088 0.2467112241
Table 2: The effect of tested materials on mice brain and blood AChE
activity:
Brain Whole blood
AChE AChE

Group treatments ( mg / kg diet )

(O.D /g protein / (O.D/ml/

minute) minute)
I (0) Control 75.89 +2.72 2.8+0.27
Il (25 mg ethephon / kg) 78.34 £ 3.51 2.8+0.26
Il (50 mg ethephon/kg) 76.14 £ 2.81 2.34£0.313
IV (75 mg ethephon /kg ) 78.39£3.5 2.198 £ 0.3
V (25 mg ethephon + 50 mg gibberillic acid / kg) 76.00+ 2.05 2.7+0.26
VI (50 mg ethephon + 50 mg gibberillic acid / kg) 77.02 + 3.91 2.77 £0.197
VIl (75 mg ethephon + 50 mg gibberillic acid /kg) 75.06 + 3.97 1.98 £ 0.101

Values of estimated F:
N=5
**: Highly Significant variation at 0.01 level of significance.

On the hand it was noted that gibberellic acid induced a highly significant
recovery of the inhibited whole blood AChE in groups fed the low
concentrations (p< 0.01). Then at higher concentration 75 mg / kg
gibberellic acid showed an additive inhibitory effect on whole blood AChE.
These findings agree with those of EI-Okazy (2008).

United States Environmental Protection Agency EPA (1988) reported
that no clinical signs of toxicity were encountered in rats received dietary
concentrations of gibberellic acid up to 1000 ppm. Combination between
ethephon and gibberellic acid in a sub-acute toxicity study of EI-Okazy (2008)
proved an additive dose dependent effect on many physiological paramrters
in mice.

From the obtained results it could be generally concluded that the toxic
effect of small dietary concentrations of ethephon (up to 50 mg / kg) on the
studied parameters were buffered in presence of a small concentration of
gibberellic acid. On the other hand small concentration of gibberellic acid may
show an additive effect of high ethephon dietary concentration (75 mg / kg).
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