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GENTAMICIN AND MAGNESIUM CHLORIDE NORMALIZES
CHOLINESTERASE AND ATPase ACTIVITIES IN RATS
ACUTELY EXPOSED TO DICHLORVOS (DDVP) PESTICIDE
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This study investigated possible use of gentamicin and magnesium chloride as antidotes of dichlor-
vos pesticide poisoning. Thirty albino rats were randomly divided into 5 groups (n = 6). Group I served as
negative control and received distilled water only. Group 2 served as positive control and was treated with
2.5 mg/kg body weight dichlorvos intraperitoneally. Group 3 was post-treated with 0.5 mg atropine following
intraperitoneal 2.5 mg/kg dichlorvos while groups 4 and 5 were post-treated with 28 mg/kg intramuscular
magnesium chloride and 5 mg/kg intramuscular gentamicin respectively following intraperitoneal 2.5 mg/
kg dichlorvos. Plasma and red blood cell acetylcholinesterase activities were estimated. Total ATPase, Na*/
K -ATPase, Ca**-ATPase, and Mg>*-ATPase activities were estimated in the brain. Results showed significant
(P < 0.05) increase in acetylcholinesterase activities in rats post treated with atropine, MgCl, and gentamicin
when compared with acetylcholinesterase activities in rats treated with dichlorvos only. There is significant
(P < 0.05) increase in the activities of Ca®*, Mg”*-ATPases, Na'/K*-ATPase and total ATPase activities in
the brain of rats post treated with atropine, magnesium chloride and gentamicin. Dichlorvos significantly
(P < 0.05) reduced plasma and red blood cell cholinesterase activities, and brain ATPases activities. We
concluded that dichlorvos toxicity inhibited cholinesterase, Na'/K™-ATPase and Ca**,Mg’*-ATPases activities.
Magnesium chloride and gentamicin on the other hand reduced effects of dichlorvos poisoning by promoting
normal ATPase activities and inhibiting release of acetylcholine from cell. We proposed that both magnesium
chloride and gentamicin can be co-administered in future as antidotes to patients with dichlorvos poisoning.
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ichlorvos (2, 2-dichlorovinyldimethylphos-
D phate, DDVP) belongs to a class of pesti-

cides referred to as organophosphates. It is
used to control household and farm pests like mush-
room flies, aphids, spider mites, caterpillars, thrips,
and white flies [1]. DDVP is marketed as an aerosol
and soluble concentrate. Organophosphorus pes-
ticide poisoning is a serious public health concern
in developing countries [2] with Nigeria inclusive.
Self-poisoning with DDVP pesticide is an important
public health concern. Every year, about one million
unintentional and two million self poisonings with
pesticides occur worldwide, and of these, approxi-
mately 200, 000 die [3, 4]. Symptoms and signs of

DDVP poisoning include nausea, vomiting, diarrhea,
abdominal cramps, headache, dizziness, eye pain,
blurred vision, constriction or dilation of the eye pu-
pils, tears, salivation, sweating, and confusion. Se-
vere DDVP poisoning causes slurred speech, loss of
reflexes, weakness, fatigue, involuntary muscle con-
tractions, twitching, tremors of the tongue or eyelids,
and eventually paralysis of the body extremities and
the respiratory muscles [3]. Though atropine and
oxime are the main antidotes of organophosphorous
poisoning worldwide, but their efficacies have been
an issue of debate [4]. Studies to find more effec-
tive antidotes for organophosphorus poisoning are in
progress.

© 2018 Ajilore B. S. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Dichlorvos strongly binds to acetyl cholineste-
rase (AChE) molecules to form AChE-OP com-
plex. This phosphorylation causes inactivation of
the enzyme [5], accumulation of acetylcholine and
subsequent over-activation of cholinergic recep-
tors [6]. Reactivation of AChE can be hastened by
nucleophilic reagents [7]. The main toxic action of
organophosphorus is as a result of inhibition of the
active site of acetylcholinesterase, but some organo-
phosphorus esters can cause a neuropathic anomaly
which is not related to acute cholinergic effect [8] but
due to interaction of organophosphorus insecticides
with activities of membrane ATPases. Nozdrenko et
al. [9] reported that chlorpyrifos inhibited Ca*",Mg*'-
ATPase activity of sarcoplasmic reticulum of skele-
tal muscle.

The chemistry of magnesium cation in hydroly-
sis reactions like phosphate ester hydrolysis and
phosphoryl transfer [10, 11], and unwanted effect
of gentamicin, an aminoglycoside, as presynaptic
neuromuscular blockade inhibiting calcium influx
required for exocytosis [12]. The aim of the present
study was to investigate the possible benefits of mag-
nesium chloride and gentamicin in organophospho-
rus poisoning targeting their abilities to interact with
substrates and membrane enzymes.

Materials and Methods

Chemicals and reagents. Adenosine triphos-
phate and acetylcholine iodide were obtained from
Sigma Chemical Company. DDVP was purchased
from Forward (Beihaj) Hepu Pesticide Co. Ltd.,
Guangx, China. Sodium barbital, potassium dihy-
drogen phosphate, sodium chloride, Tris, EDTA,
magnesium chloride, potassium chloride, calcium
chloride, ammonium molybdate, aminonaphthol
sulfonic acid (ANSA), trichloroacetic acid (TCA),
5,5'-dithiobis-2-nitrobenzoic acid (DTNB) were
either obtained from BDH Ltd. Poole, England or
Scharlab S.L. Spain. All reagents and chemicals
used were of analytical grade.

Grouping and treatment of experimental ani-
mals. Experimental animals were used in accordan-
ce with the European Convention for the protection
of vertebrate animals used for experimental and
other scientific purposes. Thirty albino rats were
kept in clean plastic cages and fed with rat feeds and
water ad libitum. The rats were randomly divided
into five groups (n = 6) following two weeks accli-
matization. Group 1 served as negative control and
received distilled water only. Group 2 served as posi-
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tive control and was treated with single dose 2.5 mg/
kg body weight dichlorvos intraperitoneally. Group 3
was treated daily with 0.5mg intramuscular atropine
for 7 days following intraperitoneal 2.5 mg/kg body
weight dichlorvos while groups 4 and 5 rats were
treated daily with 28 mg/kg body weight intramus-
cular magnesium chloride and Smg/kg body weight
intramuscular gentamicin respectively for 7 days
following intraperitoneal 2.5 mg/kg body weight di-
chlorvos. All the rats were sacrificed at the end of 1
week of treatment. Blood samples were collected by
ocular puncture before sacrificing the animals and
brain tissues was harvested.

Blood sample preparation. Plasma was ob-
tained after centrifuging 4 ml of blood sample at
3,000 g for 10 min. Red blood cells were washed
3 times with 2 ml sodium phosphate buffer (0.1 M,
pH 8). The red blood cells were centrifuged between
washes at 3,000 g for 10 min. Packed red blood cells
were then diluted by hypotonic sodium phosphate
buffer (6.7 mM, pH 7.9) to facilitate hemolysis. This
was followed by centrifugation at 3,000 g for 10 min.
The supernatant was removed and pellet was resus-
pended in hypotonic phosphate buffer. The plasma
and blood cell ghosts were used to determine total
acetylcholinesterase activity.

Preparation of brain homogenate. Brain tis-
sue harvested from each rat was weighed and ho-
mogenized in sodium phosphate buffer (tissue:
buffer/1:10), centrifuged at 9,000 g for 5 min at 4 °C
and supernatant obtained was used for estimation of
ATPase activities.

Determination of cholinesterase activity. Plas-
ma and erythrocyte acetylcholinesterase activities
were estimated using method described by Ellman
et al. [13] with little modifications. Acetylcholineste-
rase activity was calculated using an extinction coef-
ficient of 13.6 mM'cm! for 5,5'-dithiobis-2-nitroben-
zoic acid (DTNB) and expressed as nmol/min/ml.
1 unit =1 pmol = 1000 nmol.

AChE Activity = (AE x V)/(At x Z x V_ x d),
where, AE — change in OD at 410 nm; V., — final volu-
me of the assay mixture; At — time of hydrolysis/
incubation; X — Extinction coefficient; V. — volume of
DTNB in the assay mixture; d — diameter of cuvette
used.

Determination of ATPase activities. Total
ATPase activity in brain homogenate was measured
by the method of Evans [14] with few modifications.
Briefly, 0.1 ml of sample was added to test tube con-
taining 0.1 ml each of 0.1 mM Tris-HCI (pH 7.4),
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0.1 mM NaCl, 0.1 mM MgClL,, 1.5 mM KCl, 0.1 mM
EDTA and 0.1 mM ATP. The mixture was incubated
at 37 °C for 20 min. The reaction was arrested af-
ter 20 min by the addition of 9 ml of 5% TCA and
then centrifuged at 1500 g for 10 min. The liberated
inorganic phosphorus (P,) was estimated in the pro-
tein free supernatant at 680 nm [15]. The activity
of Na'/K*-dependent ATPase was determined by the
method of Bonting [16]. The activity of Ca?*-ATPase
was assayed according to the method of Hjertan and
Pan [17]. The activity of Mg?*-ATPase was assayed
by the method of Ohinishi et al. [18].

Statistical analysis. Data obtained were ana-
lyzed using One Way Analysis of Variance (SPSS
version 20.0). Levene statistic was used for tests of
homogeneity of variance. Duncan was used for mul-
tiple comparisons and homogenous subsets. Results
were considered to be statistically significant with
P < 0.05.

Results and Discussion

The results of our study showed that single dose
of intraperitoneal 2.5 mg/kg dichlorvos (DDVP) sig-
nificantly (P < 0.05) reduced cholinesterase activi-
ties in plasma and on red blood cell when compared
with respective normal values in plasma and on red
blood cell; and treatments with atropine, magnesium
chloride and gentamicin significantly (P < 0.05) in-
creased cholinesterase activities to near normal
levels. The percentage cholinesterase inhibitions in
DDVP only, DDVP + atropine, DDVP + magnesium
chloride and DDVP + gentamicin are 43, 16, 25 and
22% in plasma and 16, 9, 10 and 11% on red blood

cell respectively (Fig. 1, B and 2, B). Organophos-
phates are very toxic and cause acute poisoning more
often than other classes of pesticides [19]. Dichlor-
vos is being used to control pests on the farms and
in the house [20]. Self-poisoning from organophos-
phate pesticide use is an important clinical problem
in developing world [5]. Atropine and oximes, the
common antidotes being used in managing organo-
phosphate insecticide poisoning, are not effective in
some cases [7]. Organophosphorus insecticides in-
hibit ChE by nucleophilic attack on the active site
of the enzyme [7]. Magnesium is a divalent metal
which lowers pKa of nucleophiles [11] in solution,
and produces charge repulsion between phosphoryl
moiety of organophospate and serine-OH group of
ChE, increased hydrolysis of acetycholine, reactiva-
tion of the enzyme, significant (P < 0.05) increase in
the activities and subsequent reduction in percent-
age inhibition of plasma and red blood cell ChE as
observed in this study.

ATPases are groups of membrane-bound en-
zymes involved in the breaking down of ATP to
ADP and free P,. The dephosphrylation is coupled
with release of energy needed by the enzyme to drive
endergonic reactions. Inhibition of ATPase activi-
ties could be an index of toxicity from environmen-
tal contaminants [21]. Fig. 3 showed total ATPase,
Na/K'-ATPase, Ca*-ATPase and Mg?'-ATPase
activities in all the treatment groups. Intraperito-
neal 2.5 mg/kg bwt DDVP significantly (P < 0.05)
reduced brain ATPases levels while treatments with
atropine, magnesium chloride and gentamiicin sig-
nificantly (P < 0.05) raised brain ATPases to near
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Fig. 1. Effects of atropine, magnesium chloride and gentamicin on DDVP inhibition of plasma cholinester-
ase activity (A) and percentage inhibition of plasma cholinesterase by DDVP (B). Values are expressed as
mean = SD (n = 6). Duncan superscripts a, b, bc, ¢ are significance homogenous subsets of means within
groups. Bars with different Duncan superscripts are statistically significant at P < 0.05
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Fig. 2. Effects of atropine, magnesium chloride and gentamicin on DDVP inhibition of red blood cell ace-
tylcholinesterase activity (A) and percentage inhibition of red blood cell acetylcholinesterase by DDVP (B).
Values are expressed as mean = SD (n = 6). Duncan superscripts a, b are significance homogenous subsets of

means within groups. Bars with different Duncan superscripts are statistically significant at P < 0.05
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Fig. 3. Effects of atropine, magnesium chloride and gentamicin on brain ATPase levels. Values are expressed
as mean = SD (n = 6). Duncan superscripts a, ab, b are significance homogenous subsets of means within
groups. Bars of the same legend with different Duncan superscripts are statistically significant at P < 0.05

normal levels. ATPase is a specific feature of the
interior part of Na"-K" pump, a carrier membrane
protein that pumps sodium ions outward through
the cell membrane of all cells and at the same time
pumps potassium ions from the outside to the inside.
This pump is responsible for establishing a nega-
tive electrical voltage inside the cells that maintains
resting membrane potential [22]. ATPase is also an
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important part of Ca?* pump. Significant (P < 0.05)
inhibition of brain Na*/K*-ATPase by dichlorvos in-
secticide in this study is responsible for increased
intracellular sodium ions, membrane depolariza-
tion and muscular twitching among other signs and
symptoms of organophosphorus poisoning. Calcium
pump requires magnesium for normal export of cal-
cium and keeps intracellular calcium level low [23].
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Inhibition of this enzyme by dichlorvos causes ele-
vated intracellular calcium [24], increased exocyto-
sis of acetycholine, and is associated with signs and
symptoms of neuropathy seen in organophosphate
toxicity [25].

Mg?" is an important co-factor in many en-
zymes including ATPases [26]. The significant
(P < 0.05) increase in the activities of AChE in
groups treated with gentamicin and magnesium
chloride in this study may be as a result of significant
(P <0.05) increase in the levels Ca**,Mg*'-ATPases.
Ca?" Mg?'-pumps decrease intracellular calcium
which results in decrease in the rate of acetylcho-
line release from the cell (12). Therefore, significant
(P < 0.05) inhibition of Ca* ,Mg?*-ATPases by di-
chlorvos might have resulted in increase in intracel-
lular calcium levels, increased acetycholine release
and subsequent significant (P < 0.05) increase in
percentage inhibition of ChE observed in this study.

The results of our study concluded that dichlo-
rvos toxicity inhibited cholinesterase, sodium/po-
tassium ATPase and calcium/ magnesium ATPase
activities. Magnesium chloride and gentamicin on
the other hand mitigated effects of dichlorvos poi-
soning by promoting normal ATPase activities and
inhibiting release of acetylcholine from cell. We pro-
posed that both magnesium chloride and gentamicin
can be co-administered in future as antidotes to pa-
tients with dichlorvos poisoning.
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Y poOoTi BUBYAIU MOXIJIMBE BUKOPHCTAHHS
TEHTaMIIUHY 1 XJIOPUIY MarHifo SK aHTHIOTIB Yy
pa3i BumBY mnectuuuny auxiodocy. Tpunusars
Iy piB-aJIb0IHOCIB  OyJlO PO3MALIIEHO JIOBUTHHUM
YUHOM Ha 5 rpyn (n = 6). TBapunu B rpymi | (He-
TFaTUBHUN KOHTPOJIB) OTPUMYBAIH JIMIIE JHCTH-
THOBaHy BoAy. Y Tpymi 2 (IIO3UTHBHHUM KOHTPOJIB)
TBapWHAM BBOIWJIN IHUXJOPOC y A031 2,5 MI/KT
MacH Tinma. Y rpymi 3 micis BBeAGHHS 2,5 MI/KT
nuxiogdocy BBonunu 0,5 MI/KT aTporiHy; a B Tpy-
nax 4 i 5 micns BBefeHHs 2,5 Mr/kr nuxiodocy TBa-
pUHAM BBOIMIIN 28 MI/KT XJIOPUAY MArHIO i 5 MI/KT
TeHTaMIllMHY BiAMOBiAHO. Bu3Hauanm akTHBHICTH
alleTUIIXONIIHECTEepas3y B IJIa3Mi KPOBI Ta €pPUTPO-
nuTax 1 3aranpHy akTuBHICTH ATPasm, Na™/K'-
ATPa3u, Ca>*-ATPa3u ta Mg>*-ATPa3u B rojioBHO-
My MO3Ky. PezynbraTn nokazanu 3aaune (P < 0,05)

49



ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 4

301JIBIICHHS] AKTHBHOCTI  alleTHJIXOJIHECTepa3u
B WypiB micis BBeneHHs arpominy, MgCl, i
TeHTaMIlIMHY TIOPIBHSIHO 31 HIypaMH, sIKi OTPUMY-
Bany TiIbkK Auxiogdoc. Takox crocrepiraiu 3Hay-
e (P < 0,05) 36inpmienns aktuBHocTi Ca?f,Mg?'-
ATPa3, Na'/K'-ATPa3u 1 3araibHOi aKTHUBHOCTI
ATPa3u B MO3KY IIypiB IicIsi BBEACHHS aTPOIiHY,
XJIOpHULY MarHito i renramituny. J{uxnaodoc 3HauHO
(P < 0,05) 3HMKYBaB aKTHUBHICTh XOJIIHECTEpa3H B
I1a3Mi i epUTPOIIUTAX, a TAKOXK aKTUBHICTH ATPa3
B TFOJIOBHOMY MO3KY. 3p0OJIEHO BHCHOBOK, IO JH-
xJ0(oc MpUTHIYYE aKTUBHICTE X0OIiHecTepas3u, Na*/
K'-ATPa3u ta Ca* Mg*-ATPa3, Tomi SK XJIOPH
Mar”iro i TeHTaMilMH HOPMAalli3yIOTh aAKTHBHICTH
ATPa3 i npurHIUyIOTh BUBIILHEHHS allETUIXOIIHY
3 KiiTuHA. Ha mijacTaBi ofepikaHuX pe3NbTaTiB MU
MIPUITYCKAEMO, IO XJIOPUJ MAarHio i TeHTaMiIunH
MOXXHa BHKOPUCTOBYBATH SIK AHTHUAOTH y pasi
OTPYEHHS TUXI0(HOCOM.

KnwyoBi cmnoBa: guxinopoc (DDVP),
TEHTAMIIMH, XJIOPHJ MAarHilo, ameTHIXOJiH-
ectepasa, ATPa3u P-tuny.
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MATHHUA HOPMAJIN3YIOT
AKTUBHOCTb XOJIMNHI3CTEPA3bI
" ATPa3el Y KPBIC, I1O/]
BO3JIEMCTBHEM NECTHUIIUJIA
JANXJTO0POCA
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B pabote m3yuanu BO3MOXKHOE HCIOIb30Ba-
HUE TEHTaMHUIMHA U XJIOPUAA MarHusi Kak aHTH-
JOTOB TMpPH BO3JEHCTBMHM TecTHIUIA auxiiodoca.
Tpuauate Kpblc-adbOMHOCOB ObUIM  pa3lesieHb
MIPOU3BOIBHEIM 00pa3oM Ha 5 rpymm (n = 6). XKu-
BOTHbIE B rpynmne | (OTpHIaTENbHBIN KOHTPOJIb)
[OJy4Yajdu TOJIBKO IHUCTHILIMPOBAaHHYIO Boxy. B
rpyrrne 2 (MoJ0KUTEIbHBIH KOHTPOJIb) KUBOTHBIM
BBOJIMJIM IUXJO(OC B 03¢ 2,5 MI/KI' Macchl Teja.
B rpynme 3 mocne BBenenus 2,5 mr/kr nuxiodoca
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oMK 0,5 MI/KT aTponuHa; a B rpymnmnax 4 u 5 mo-
ciie BBeieHus 2,5 Mr/kr nuxiodoca BBOIUIU 28 Mr/
KI' XJIOPHJIAa MarHusi ¥ 5 MI/KT TeHTaMHIIMHA CO-
oTBeTCTBeHHO. Ompenessiiii aKTUBHOCTh alleTHII-
XOJIMHACTEPa3bl B IJa3Me KPOBH W JIPHTPOLHUTAX,
a obmryro aktuBHOCTh ATPaszei, Na”/K™-ATPas3sl,
Ca?*-ATPa3bl u Mg?*-ATPa3bl B rOJOBHOM MO3TY.
PesynbraTel mokaszanu 3HauutenbHOe (P < 0,05)
YBEJIMUYCHHE aKTUBHOCTHU alleTUIIXOIUHAICTEPas3bl y
KpbIc nocyie BBeleHus arponuna, MgCl u renra-
MUIMHA 110 CPABHEHHUIO C KPBICAMH, MOTYUYaBIIUMHU
TonbKo auxyodoc. Takke HaOMOOANM 3HAYUTEIb-
Hoe (P < 0,05) yBennuenue aktuBHoctu Ca?,Mg*'-
ATPa3, Na'/K'-ATPa3el u 00mei akTHUBHOCTH
ATPa3bl B MO3T'y KpbIC TIOCJIE€ BBEACHUS aTPOIMHA,
XJIOpUAa Maruusi ¥ reHtamMmunuHa. Juxiaodoc 3Ha-
yuTenbHo (P < 0,05) cHMKal aKTUBHOCTH XOJIMH-
9CTepasbl B IJIa3Me KPOBH U IPUTPOLIUTAX, & TAKKE
akTuBHOCTH ATPa3 B ronoBHom mo3ry. CrienaH Bbl-
BOJI, UYTO JUXJIO(POC MHTHOUPYET aKTUBHOCTH XO-
muHacTepassl, Na'/K'-ATPaszer u Ca**,Mg*-ATPas3,
TOr/a KakK XJIOPHJ MarHusl ¥ TEeHTaMUIIMH HOpMa-
TU3yI0T akTUBHOCTh ATPa3 u HHrnOUpyIOT BBICBO-
OOKJIeHHe alleTUIXoNuHa W3 KieTku. Ha ocHoBa-
HUU MOJYUYCHHBIX PE3YJIBTATOB MBI IIPEIoNaracMm,
YTO XJIOPUJ MATHHS U TEHTAMULIMH MOKHO HCIIOb-
30BaTh KaKk aHTHJIOT IPH OTPABJICHUHU AUXIO(HOCOM.

Knmouespie cumopa: guxiodoc (DDVP),
TEHTaMUIIMH, XJIOPUJ MAarHus, aleTHUIXOIIMHICTE-
pa3a, ATPa3b1 P-Tumna.
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