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level in liver tissues were obscrved in subgroup C (180.7 + 14,9 ppm)
when compared with subgroup A (209.3 + 12.4 ppm), while there was
increase in the level of P with no significance in case of kidney tissucs.
The most common symptoms observed in exposed mice were depression
and decrease in the body weight with arched back. The most pronounced
histopathological changes were observed in subgroup F while the mildest
ones were those seen in subgroup C. Remarkable histopathological
changes were detected in the parenchymatous organs in the form of
degenerative and necrotic lesions, Also, neuronal changes and edema in
the brain as well as demyclination in sciatic nerve were noticed. From
our results we can conelude that the use of atropine sulfate (0.075 mg/kg
b.aw.) in combination with sodium bicarbonate 2 % (S mg/kg b.w.) may
consider the most cffective antidote in treatment of azodrin toxicity in
mice.

Key words: Im'e(f1icide-azadrin-acetylclzolinexlurase-phmphomm- sciatic nerve.

INTRODUCTION

One ol the aims of veterinary medicine is Lo successfully treat
discased animals and treatment is usually specific for different kinds of
an explicit diagnosed cause. This is not casily performed with regard to
toxicosis. as the dosage of a substance determines its toxicity. Of these
thousands of substances with potential toxicity to domestic and wild
animals, very few in fact have a specific antidotal treatment (Osweiler et
al.. 1985). However, it is fortunate that probably the most potentially
hazardous group ol compounds, the anticholinesterase organophosphate
has specific antidote, Organophosphorous  (OP) insecticides are of
general  importance because of their extensive use in combating the
discase vectors and agriculture pests after the problems of organochlorine
residucs in the environment. Signs of poisoning due to OP insecticides
develop very rapidly and treatment should be carried out within minutes
ol exposure if mortality is to be minimized (Osweiler et al., 1985;
Hungerford, 1990; Radostitis et al., 1994, Hansen. 1995).

Azodrin (an OP insecticide with trade name Monocrotophos) is
the E-isomer of 0.0-dimethyl-O-(1-methyl-3-methy! amino-3- oxo-1-
propenyl) phosphate. with commercial name Azodrin . [t is a water-
soluble  OP insecticide with high oral and moderate dermal toxicity, It is
used [or control of a broad spectrum pests  which cause their serious
clfect on animal health (Lein ct al., 1982, Sanders et al., 1985). Azodrin
is classified by WHO as highly hazardous poison (Worthing and Hance,
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1991). The toxicologically relevant mode of action is the inhibition of
AchE activities (Skripsky and [.oosli, 1994). Beside inhibition of Achl:
activity azodrin  as  organophosphorous compound caused some
pathological changes as haemorrhagic gastroentritis, pulmonary ocdema,
degenerative changes in liver and kidneys and demyelinating lesions in
the spinal cord and in the peripheral nerves in man and experimental
animals (Clark and Clark, 1975). The LDsg of monocrotophos, is 17-18
me/kg for male rats and 20 mgike for female rats. The LDsq for dermal
exposure is 126 mg/kg for male rats, 112 mg/kg for female rats, and 354
mg'kg for rabbits (Budavari, 1989). Symptoms of monocrotophos
poisoning are similar o thosc of other organophosphate compounds.
(Gallo and Lawryk. 1991).

Sodium bicarbonate is an extremely well-known agent that
historically has been used for a variety of medical conditions, Despite
the widespread use of oral bicarbonate, little documented toxicity has
occurred, and the emergency medicine literature contains no reports of
toxicity caused by the ingestion of baking soda (Thomas and Stone,
1994). There is both a rationale and experimental evidence for giving
sodium  bicarbonate to prolong survival during hypoxia ( Halperin, et al.,
1996). Baroni, et al, (1999) reported that treatment with sodium
bicarbonate reduces structural renal damage, albumin reabsorption, and
renal Transforming growth factor-beta (TGF-beta) production in rats
with doxorubicin-induced nephropathy. Levy, (1998) mentioned that
administration of sodium bicarbonate during cardiac arrest and hypoxic
acidosis has become increasingly controversial,

Alropine is a competitive antagonist of acetylcholine at the
muscarinic receptors (Randy et al., 1999). Overatropinization may cause
heat stress, constipation, bladder dysfunction, ileus, and worsen the
oulcome, as observed in severe insecticide poisoning (Ladislaus and
Steven 1999). So, due 1o the toxic effect of large dose of atropine, the
aim of our work, to evaluate the role of sodium bicarbonate alone and/or
in combination with atropine in treatment of azodrin toxicity as a method
te minimize atropine dosc.

MATERIALS and METHODS
Experimental design:

Eighty-four male albino mice about three months old (Animal
House, Faculty of Medicine, Assiut University) were used. They were

350




Assint Vet Med. [, Vol 44 No. 88, Jemuary 2001,

housed two weeks before starting the experiment for adaptation under
standard laboratory conditions (12 h light, 12 h darkness, feed pellets
and tap water ad libitum). Animals were divided into. control group (G1,
containing twelve mice and reccived no treatment) and exposed group
(G2, containing seventy two mice and received 0.1 mg azodrin/L. of
drinking water for 25 days). Then, G2 was divided into six subgroups
(A B, C, D, E &F) containing twelve mice each. First 5 subgroups
were lreated intra-peritonealy (ip.) for 20 days as follows: A (0.1 myg
atropine/kg b.w.), B (20 mg NaHCO3 2%/kg b.w.), C (0.075 meikg bow.
atropine 5 mg NaHCO3 2%/kg b.w.) as 75:25%. D (0.030 mgikg b.w.
atropine + 10 mg NaHCO3 2%/kg b.w.) as 50:50%. and E (0.025 mg/kg
bw, + 15 mg NalICO3 2%/kg bow.) as 25:75%, while F continued in
receiving azodrin only. Body weight gain was calculated weekly,

At the end of the experiment. all animals were sacrificed and
serum were collected. Acetyleholinesterase (AchL) was measured in
serum and brain tissues, while phosphorous level (P) was estimated in
liver and kidney tissues. Tissue samples were taken from liver, kidney,
heart, spleen, lungs, brain, testcs, and sciatic nerve for histopathological
cxamination. As well as other samples of sciatic netves were collected
for electron microscope examination.

Determination of Acetylcholinesterase:

Acetylcholinesterase was measured in serum and supernatant of
homogenized  brain  tissues spectrophotometrically  (Milton Roy.
spectronic 1201) by using commercial kites (MP2, 124117, Boehringer
Mannheim. Germany) according to the method described by Ellman et.
al. (1961).

Determination of phosphorus levels:

Phosphorus content was measured in liver and kidney tissucs after
wet digestion Spectrophotometerically by using commercially available
diagnostic  kits  (Biomerieux Sa 45.903 000 F/Res Toile/France)
according to Gomory, (1942).

Histopathology:

Representative samples from liver, heart, kidneys, lungs. spleen,
testes,  brain and sciatic nerve were obtained from neeropsed and freshly
dead animals of all experimental groups and fixed in neutral-buffered
formalin. Fixed tissues were processed routinely [or paralfin cmbedding
lechnique. Embedded tissues were sectioned at 3 and stained with
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hematoxylin and cosin (HE). Additional brain sections were stained with
cresyl violet according to Bancroft and Stevens (1982),

Transmission Electron microscope:

For clectron microscopy. samples from sciatic nerves were
obtained and fixed by immersion in 3 % buffered glutaraldehyde and
then post-fixed in osmium tetroxide. Tissue samples were then
dehydrated in ascending grades ol ethanol and embedded in Lpon-812.
Qemi-thin scctions were made and stained with 1% totuidine blue. Ultra-
thin sections were stained with uranyl acctate and lead citrate (Reynolds.
1963) and examined under transmission electron microscope (JEOL, 100
CXIT) operated at 80 Kv.

Statistical anaiysis:

Student’s t-test was vsed 1o determine the statistical significance
of the obtained results (Gad and Weil, 1986), where the propability
values were 0.05 and 0.001.

RESULTS

Symptoms of toxicity was severcly observed in subgroup F
{(which reccived azodrin only) in the form of depression, body weight
loss and arched back.

The levels of AchE in serum and brain were summarized in
Table and Figure, 1. All exposed and treated subgroups showed
significant inhibition of AchE either in serum or brain tissues when
compared with control group G1. The most pronounced AchE inhibition
in serum was recorded in subgroup L followed by subgroup B, F. D, A
and C respectively. In the brain tissuc, the severely recognized inhibition
was tevealed in subgroup I followed by L. A, D. B and C respectively.
In comparison with subgroup F, all subgroups showed significant
increase in serum AchP level except subgroup B & E which showed
sionificant decrease. In comparison with subgroup A, all subgroups
showed significant decrease in the amount of Achl levels inserum
except in subgroup C. which showed significant increase. In case of
brain AchE levels, significant decrease was recorded in subgroup E and
F, while in subgroup C there is increase with no significant.

Phosphorous levels were summarized in Table and Iigure. 2, In
liver, phosphorous levels were increased in all treated groups but &
sianificant increascs were showen only in subgroups B. E and I' when
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compared with control group. As compared with subgroup F, a
significant increases werc showen in subgroup B and E, while a
significant decrease was showen in subgroup C. But in kidneys, a
significant increases in phosphorous content were showen in all
subgroups when compared with control one. As compared with subgroup
F. a significant increases were showen in all subgroups.

Gross pathology:

Necropsed animals from azodrin subgroup  showed significant
gross pathological changes which included difTuse organ congestion and
petechial hemorrhages. Livers were mottled (pale foci on background of
congested parenchyma). Lungs were congested and edematous. Heart
was  pale and flaceid, Lxcess catarrh was noticed on the gastro-intestinal
mucosa. Except for meningeal congestion, no gross lesions were seen in
the brain. Much less severe changes were observed in the animals which
received azodrin and  atropine (subgroup A) No comparable gross
changes were detected in other treated or control groups.

Histopathology:

The most pronounced histological changes were noticed in
animals which received azodrin only (subgroup IY), while the mildest
microscopic changes were observed in subgroup C which treated with
75% atropine and 25% NaHCO;. The histological changes observed in
subgroup A (received 100% atropine) were of moderate degree. Animals
of other groups had histological changes of varying scverity. Table (3)
shows  histological ~scoring of changes observed in the various
subgroups. Although microscopic changes were seen in every organ and
lissue cxamined in animals of subgroup F, the most remarkable changes
were in the hepatic ones. These included diffuse hepatocellular
degeneration. Hepalocytes were swollen and had cytoplasm of granular
ground-glass appearance (Iig. 3). Discrete arcas of hepatic parenchymal
neerosis were detected. Centrolobular necrosis was frequent (Fig. 4).
Shrunken hepatic cells having irregular outline, deeply eosinophilic
cytoplastm  and condensed nuclei were seen scattered in the hepatic
parenchyma (Iig. 5). In toluidine bluc-stained sections, the irregular
shrunken hepatocytes were densely stained (Fig. 6). Edema of hepatic
tissue accentuated the dissociation of hepatocytes. Haemorthages were
[requent in the hepatic tissue. Cholangiolcs were occasionaly visible and
distended. Focal agaregates of lymphoid cells were also found in the
hepatic tissue. In addition to the hepatic changes, other organs and
tssucs examined of mice in subgroup T showed significant
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histopathological ~changes. Lungs showed congestive  cdema,
emphysema and haemorrhages. Hearts had degenerated pale myofibers
which frequently had wavy appearance. [Taemorrhages were frequently
seen in the cardiac tissue (Fig. 7). Tubular degenerative changes
involving convoluted and collecting tubules were 2 common finding in
the Kkidneys (Fig. 8). The degencrated tubular epithelial cells were
swollen and detached. Haemosiderosis was frequently observed in the
examined spleens (Fig. 9). The splenic follicles were noticeably depleted
from their Iymphoid elements. Gastro-intestinal tract disclosed
haemorrhages and edematous changes in submucosa and necrotic
desquamative changes of mucosal epithelium. Adrenal cortical cells
were disrupted and hacmorrhages were scattered in the adrenal cortex. In
the testicles, stages of spermatogenesis in the seminiferous tubules were
incomplete and number of abnormal spermatid forms was increased
(Fig. 10). Spermatogonia cells and Sertoli cells were disorganized. In the
examined brain tissucs, meninges were congested. edematous and had
liny haemorrhages. Demyelination (reticular formation) was noticed in
the white matter (Fig. 11). Considerable number of neuronal cells in
gray matter were shrunken, leaving empty spaces around them (Fig. 12).
Other neurons revealed dispersion of nuclear chromatin and decreased
density of Nissl’s substance (Fig. 13). Pericellular edema was {requent.
The examined sciatic nerves showed edema separating the nerve fibers
in the endoncurium (Fig. 14). There were variations in the density of
myelin sheaths of neurofibers.

IiJectron microscopic examination of scialic nerves of mice in
subgroup F revealed neurofibers with partially destroyed myelin sheaths
which appeared as laminated material instead of the normal electron-
dense appearance (Figs. 15 & 16). The axoplasm of these neurofibers
contained disoriented neurofilaments. Some neurofibers had reduced
sized axoplasm which displaced by the expanded degenerated myelin
sheaths. No comparable microscopic or ultra-microscopic changes were
detected in the control animals.

DISCUSSION

Organophosphates inhibit AchE lead to increasing concentrations
of acetylcholinc in the synaptic gap. In the gastrointestinal tract,
muscarinic receptors mediate an increased intestinal motility and tone,
which leads to spastic contraction, abdominal cramps, and diarrhea. In
addition. acetylcholine impairs sodium and water absorption and
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increascs chloride secretion, which aggravates diarmhea (Klaus et al..
1999). He also mentioned that the specific antidotes to organophosphates
are atropine and obidoxime. Atropine is a cholinergic blocking agent that
effcctively competes with acetylcholine at the binding site, alleviating
many poison symptoms, the most important being respiratory tract
sceretions (Randy et al., 1999).
Azodrin caused a significant inhibition of the brain AchE: activity.
In vioo studies with partially purified preparations of rat brain AchE
revealed that monochrotophos was potent anticholinesterase agent
(Siddiqui, et. al., [991). Our results revealed that all azodrin exposed and
treated subgroups were showed significant inhibition of AchE either in
serum or brain lissue when compared with contral group. Chicken brain
AchE was found to be most sensitive to inhibition by monachrotophos
followed by that of rat whercas mice and pigcon were almost equally
sensitive 1o acetylcholine inhibition (Siddiqui, et. al.. 1988). Sandhu and
Malik (1990} mentioned that repeated oral administration of
monochrotophos in buffalo calves in doses of (1.5 and 2.0 mg/kg b.w./day
produced significant inactivation of plasma cholinesterase (24 - 31%).
Swamy et al. (1992), stated that during the development of behavioral
lolerance  to the organophosphate azodrin, the inhibition of
acetyleholinesterase and BuChL in albino rats and the elevation of its
content were progressive till 7 days and were followed by a recovery
trend towards normally. The changes correlated with the appearance of
algns and symptoms of toxicity, which were mainly cholinergic. A 15 to
3 percent depression in cholinesterase means that slight poisoning has
aken place. A 25 to 35 percent drop signals moderate poisoning, and a
33 to 30 pereent declmc in the cholinesterase readings indicates scvere
poisoning (Paul, 1987). The most pronounced AchE inhibition in serum
of the azodrin treated subgroups were recorded in 25:75% atroping:
NaHCO3 followed by 100% NaHCO3. only, 50:50% atropine: NaHCO;5.
100% atropine and 75:25% atropine: NaHCO3. Also the most
pronounced Achlbl inhibition in the brain tissue of the azodrin treated
subgroups were recorded in 25:75% atropine: NaHCO5 foliowed by
100% atropine, $0:50% atropine: NaHCO3, 100% NaHCO3, only, and
75:25% atropine: Nal1CO3. Oral administration of monocrotophos to

rats and  goals, is rapidly almost completely absorbed from the intestinal
tract. Monocrotophos and its metabolites are distributed between the
organs and usually the highest concentrations are found in the organs
involved in the climination process. i.g. liver and kidney (Muche. 19945,

355



Assiut Vet Med. J. Vol. 44. No. 88, January 2001.

In mammals, 60-65% is cxcreted within 24 hours, predominantly in the
urine (Gallo and Tawryk, 1991). Halperin, et al., (1996). Found that,
there is both a rationale and experimental evidence for giving sodium
hicarbonate to prolong survival during hypoxia. Baroni, ctal.. (1999)
reported that treatment with sodium bicarbonate reduces structural renal
damage, albumin reabsorption, and renal TGE-beta production in rats
with  doxorubicin-induced nephropathy.  Donovan, ¢t al., (1999),
mentioned that sodium bicarbonate is used to reverse the cardiotoxic
effects of some drugs with membrane stabilizing activity. Hypertonic
sodium  bicarbonate partially reversed sodium channel blocked (Curry, et
al.. 1996). Cordoba, ct. al., (1983) found that the intravenous injection of
sodium bicarbonate produced recovery to dogs injected intraperitonial
with 30 me/kg O, O- dimethyl-0-2 2-dichlorovinyle phosphate (DDVP),
improvement in the poisoned state and survival of 84.6% of the patient.
They also rccorded that use of difenhydramine and sodium bicarbonate
reduce the quantity of atropine required and the use of reactivators
produces rapid  improvement and diminished mortality. He also
mentioned that intravenous injection of sodium bicarbonate produced
recovery of the acid-base balance, where acidosis was observed after
organophosphorous poisoning.

In liver, phosphorous levels were increased in all treated groups
but a significant increases were showen only in subgroups B,Eand F
when compared with conirol group. As compared with subgroup F, a
significant increase was showen in subgroup B and F, while a significant
decrcase was showen in subgroup C. These indicate the lowest
consentration of phosphorous in subgroup C. But in kidneys. a signi ficant
increases in phosphorous content were showen in all subgroups when
compared with control one. As compared with subgroup I, the highest
significant increases were showen in subgroups D, and C. Lloyd, etal,,
(1996) mentioned that sodium bicarbonate produced a significant
metabolic alkalosis and an increase in urine pH.

The more severe symptoms of toxicity in the form of depression,
lossing of the body weight and arched back were obscrved in mice
exposed Lo azodrin only (subgroup I'), same symptom were observed in a
mild degree in subgroup B, D, E. and not observed in other groups.
Necropsicd animals from azodrin exposed group showed significant
gross pathological lesions. Thesc included diffuse organ congestion and
petechial haemorrhages. Livers were mottled (pale foci on background of
congested parenchyma). Lungs werc congested and edematous. Heart
was pale and flaceid. Excess catarrh was noticed on the gastro-intestinal
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mucosa. [xeept for meningeal congestion, no gross lesions were seen in
the brain. Other subgroups showed similar pathological changes in
variable degree with mild degree in subgroup treated by 75: 25% atropin:
NaHCO3. No comparable gross changes were detected in control aroup.

The most pronounced pathological changes were those of animals
ol subgroup I' (Azodrin only). The mildest ones were in subgroup C
(75% atropine: 25% NallCO3). The other groups showed less severe
histopathological changes compared with subgroup F. This variation in
severity may poinl to the ability of the added compounds to ameriolate
the damaging effect of azodrin toxicity. The hepatic response of animals
i subgroup F was mainly a neerotizing one, Some organophosphorous
insceticides also have neerotizing hepatic elfect (Kovalenko et al., 1975).
This indicates the severity of azodrin-induced hepatic toxicosis which
exceeded the classical toxin-induced hepatic degenerative changes
(MacLachlan and Cullen, 1995). Scattered cell Necrosis was seen
frequently in the examined hepatic tissues. The necrosed hepatic cells
were: shrunken and had densely cosinophilic cytoplasm and condensed
nucleus.  This histological change was previously described as single cell
necrosis in the liver but recently is reported as hepatic apoptosis
(Pritchard and Buttler, 1989, Sharma, ctal, 1997). As observed in the
present casces,  the apoptotic cells are usually shrunken and characterized
histologically as denscly eosinophilic structures. Apoptosis is known to
be a special form of individual hepatocellular death (Popp and Cattley.
1991), i.e. the apoptotic changes involve scattered hepatic cells but not
encompass large parenchymal areas. The observed hepatic apoptosis was
not  associated with any inflammatory reaction. Absence of released
cellular contents (harmful intraceilular molecules) {rom apoplotic cells
explains the lack of mflammatory cell reaction (Bursch, et al., 1988).
Finhancement of apoptosis was reported in some hepatotoxicities caused
by chemicals  which induce peroxisome proliferation in rodents
(Benedett, et. al., 1988).

Spleens of subgroup F were depleted of their follicular lymphoid
clements.  Depletion  of  splenic lymphocytes  was  reported  in
organophosphate toxicity by Sastry (1999), Undoubtedly, this effect has a
negative impact on the animal immune system, The observed testicular
changes are in consistence with the known degenerative cifect of
organophosphorus insecticides on the testicles (TMashimoto ¢t al., 1968:
Steinburger and Sud, 1970; Leved, 1973). The more affected cells in the
seminiferous tubules were the more mature cells of the germinal
epithclium  (spermatid stages). It was found that some organophosphorus
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insceticides acts first on mature germinal epithelium and not on cells
where the mitotic process is active { Mazzanti ¢t al., 1964). In general,
the parenchymatous pathological changes observed in our cases are in
ling with those reported on the toxicity of organophophorus insecticides
in various animal species (Namba et al., 1971; Maddy and Ridelle, 1977;
Brar and Sandhu, 1991). Pathological changes of brain and sciatic nerve
observed in the presently treated animals conform with those reported by
Abou-Donia and Lapadula (1990). The obscrved neuronal changes
appear to be one of the effects of azodrin toxicity on the central nervous
system. Neurotoxicants may act directly on cell components or indirectly
by altering the cell metabolism or oxygen supply (Koestner and Norton,
1991). Many organophosphate insecticides act directly by combining
with membrance reeeptors or with intracellular components (Davis and
Richardson, 1980). The present ncuronal changes includes chromatolysis
(decreased density of Niss's substance) and dispersion of the nuclear
chromatin. These morphologic changes usually occur when the neuronal
cell oxidative metabolism is interferred by the neurotoxicant with ioss of
energy needed for cellular functions (Spencer and Schumburg, 1980 and
Duchen. 1984). The encountered nerve changes, which included axonal
degeneration and myelin disintegration, represent an cxample of the
distal axonopathies induced by ncurotoxic organophosphates (Koestner
and Norton, 1991). These axonopathic changes involve primarily the
large diameter axons of peripheral nerves. According to the latter
authors, neuroloxic organophosphates can inhibit the neurotoxic csterase
and the inhibition process of this enzyme through unknown mechanism
icads to distal axonopathies. The demonstraicd myclin changes
(myelinopathy) was probably causcd by direct damage evoked by azodrin
similar to the effect of other toxins such as triethylin, hexachlorophane
and cyanate (Cammer, 1980)., The process starts by interlammelar
vacuolization of myelin and finally rupture and disintegration of the
distended myelin followed by axonal degeneration. Myelin loss was
proposed o be due to greater exposure of the lamcllar surfaces to
catabolic enzymes such as phospholipases ans neutral proteinase (Sabri
and Spencer, 1980).

From the results we obtained, we can conclude that usage of
atropine sulfate in combination with NallCO3 (75:25) is the mostly
offective antidote in treatment of azedrin toxicity in mice.rather than
atropine sulfate alone, This conclusion is based upon the performed
hiochemical and pathological examinations.
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LEGENDS OF FIGURES

Fig. 3: Degencrated hepatocytes in the liver of mousc from subgroup I’
The degenerated cells have cytoplasm of ground-glass
appearance and nuclei with much less dense chromatin, H & 1.
X 280.

Fig. 4: Centrolobular necrosis (*) in the liver of a mouse from subgroup
F. H & E. X125.

Fig. 5: Shrunken inegular hepatocytes (arrows) scattered in the liver
parenchyma of a mouse from subgroup F. The shrunken cells
have hypereosinophilic cytoplasm. IT & E. X 125,

Fig. 6:lrregular denscly stained shrunken hepatocytes (arrow). The
nueler of the shrunken cells are condensed and hyperchromatic,
Mouse [rom subgroup F. Toluidine blue. X 125,

Fig. T:Degencrated myocardial fibers having wavy appearance.
Extravasated erythrocytes between myofibers are also observed,
Heart of a mouse from subgroup F. & F. X 250.

Fig. 8: Degenerated convoluled tubules in the kidney of a mouse [rom
subgroup F. The degenerated twbular cpitheljal cells are swollen
and detached. 11 & E. X 280,

Fig. 9: Haemosiderosis in the spleen of a mouse from subgroup I, The
splenic follicle (F) is depleted of lymphocytes. 1l & E. X 125.

Fig. 10:Incomplete stages of spermatogenesis in a seminiferous tubule
(ST). The number of spermatid forms is much lower. Abnormal
Spermatid forms (arrow) are also seen. Testicle of a mouse
from subgroup F. Toluidine blue X 280.
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Fig. 11:Reticular formation (arrow) due to demyclination of nerve fibers
in the brain of a mouse from subgroup F. 11 & E. X 125,

Fig. 12:Shrunken neuronal cells in the gray matter of brain of a mouse
from subgroup F. The shrunken cells are irrcgular and have
densely stained cytoplasm. H & E. X 125,

Fig. 13:Neuronal cells showing pale cytoplasm (chromatolysis, arrow).
T'he density of Nissl's substance in these neurons is much lower.
Cresyl violet stain. X 125.

FFig. 14:Sciatic nerve showing endoneurial edema separating the
neurofibers. The density of myelin sheaths of neurofibers varics
greatly. A mouse from subgroup I'. Toluidine blue X 125.

Fig. 15:Ncurofibers (NF) showing destroyed myelin sheaths (arrows)
which  have laminated appearance and interlammelar
vacuolization. The axoplasm (*) is irregular and reduced in size.
Sciatic nerve from a mouse in subgroup F. Transmission
clectron microgragh. X 4320.

. 16:Infolded myelin sheath (arrow) of a neurofiber in sciatic nerve.
The myclin sheath is partially destroyed Lo give the laminated
appearance.  Axoplasm (¥) is reduced in size and contains more
neurofifaments. A mouse in subgroup F. Transmission electron
microgragh. X 10720.

2
7

Table 1. Acetylcholinesterase level (UAl) in control, animals exposed to azodrin and animals
treated with either atropine and / or sodium bicarbonate.

AchE Y of serum AchE %o of brain
Animals | Treatment in serum AchE in in brain tissue AchE in
relation to relation to
control control
Gl Caontrol 28083+ 116 100+ 4,13 115444490 | 100=424
Subgroup fropine | 40242188%° | 14.3320.66 | 28042 12.4%°|2429=1.07
A {100% )

Subgroup | NaHCO: | 241 = 14.5%" [8.59=0.51 317.6="11.2>°}27.52 £ 097
B ( 100% )

Subgroup | Atopine + 63554188 [226320.66 |3250101%°° |28.16=0.87

C NaHCOs

{75:25%)

Subgroup | Atropine + | 329.1=14.2%° | 11.72=0.51 [304.5=114%°]26.38=008

D NaHCOs

(50 50%)

Subgroup | Atopine + [ 23584186 [ 839067 |182.4=07.8"" [15800.67

E NaHCOs3

(25.75%)

Subgroup Azodrin [ 27154 14.0™ [ 9662 049 1326+ 128 [11.494 1.10

¥ only

a: Significantiy different from control at p < 0.001,

b.c : Significantly different from subgroup F at p < 0.05 and p < 0.001.

e.f": Significantiy different from subgroup A at p < 0.05 and p = 0.00]
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T'able 2. Phosphorous level (ppm) in control, animals exposed to azodrin and animals

treated with either atropine and / or sodium bicarbonate,

Plevelinliver [% of P in|P level in|% of P in
Animals | Treatment liver in | kidney tissue | kidney  in
relation  to relation  to
control control
Gl Control 180.5 £ 16.1 100 = 8.91 569z 1.7 100 £ 2.98
Subgroup | Atropine 12093£124 [ 11592686 | 2635455 |6388=9.66
A (100%)
Subgroup [ NaHCO: [ 306.4= 169.74 12,24 | 267.115,7° [ 469.4 + 10,0]
B (J00%) {22.1%¢
Subgroup [ Atropine+ | 180.7+ 14.9° | 100.1 =825 | 36862 62°° | 647.8= 10.89
C NaHCO:
(75:25%)
Subgroup | Atropine + | 22494232 1245+ 12.84 | 448.926.0°%" | 788.9 £ 10.54
D NalCOs
(30:50%)
Subgroup | Atropine + | 332.6: 17.6"% [ 1842974 | 192 524 5797 | 338.3 £ 7.0
E NaHCO:
(25:75%)
Subgroup | Azodrine | 242232 174° [13422963 [ 15064 16° | 2687 +6.32
F only

a, b: Significantly different from control at p , 0.05 and p=0.001.
¢.d: Significantly different from subgroup F at p = 0,05 and P = 0.001.
e.f: Significantly different from subgroup A at p < 0.05 and p <= 0L001

13 subgroups

Changes

l

|

Atropine |
100% 1 100%

Atropine: Atropine: Atropi

NaHCO3 | NaHCO3
15:25% | S0:50%

[ T‘Ie’ﬁi\iowtllular
degeneration and

Pulmonary
congestive edema
& haemorrhages

Myocardial
degeneration and

Renal tubular
degeneration

+i*

. ’.
i

++

i

Table 3: Scoring of the histological changes observed In the various s -
[ Subgroup A | Subgroup B | Subgroup C | Subgroup D | Subgroup E Subgroup C
NaHCO3

++ +

NallCO3 anly
25:75%

ine: Azodrin

44a

LR

___haemorrhages |

++

++

[ 4

Splenic
haemosiderosis
and follicular

depletion

— g

Incomplete
spermatogenesis
and abnormal
L spermatids

4+

i Neuranal
{ degeneration and
|__chromatolysis _

Myelin
disintegration

{sciatic nerve)

| 2

* +5+, Severe; ++, Moderate; +, Mild.
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Fig. 1: ACHE (U/L) in control, ——
azodrin exposed and treated i

animals with atropine and NaCQO3
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control, azodrin exposed and treated
animals with atropine and NaCO3.
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