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Abstract

Abstract

The endocrine disrupting substances represent nohpdtenge to aquaculture and the
most widespread one is 4-nonylphenol (4-NP). Pyeapossess an interesting broad
spectrum of pharmacological actions. Therefores ghidy was designed to investigate
the therapeutic potential of five novel thieno [2]3pyrazole compounds in African
catfish Clarias gariepinus) on the hematotoxic and electrolyte disruptoruefices of
4-NP. The hemato-electrolyte disturbance inducedHNP was well proved by many
examined endpoints. On the other hand, thienopigazmmpounds exhibited the ability
to modulate the previous toxicological impact byffedent levels based on the
modification in structures and properties. Thisdgtprovided insight into the endless
therapeutic treasures of newly synthesized compleaad a driving force for its
application on the other clinically relevant prahkein fish.
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1 I ntroduction

Pyrazole is considered a privileged structure iogddesign which motivating the

researchers to put it in the area of attention l@gwp. Their cores are used as



multitalented scaffolds to develop innovative comnpds with a great diversity of
biological activities as antipyretic [1], anti-iafhmatory, and anti-oxidant [2]. [3]
discovered the usefulness of benzimidazole-2-pyeazoarboxylates as orally
efficacious stimulators of erythropoietin secretidm experimentally based rationale
for selecting the current compounds is based orfatiethat pyrazole possess a potent
antioxidant activity giving motivation to hypothesithat these tested derivatives may
able to combat oxidative stress-induced hematdrelgte disturbance which
associated with 4-NP which has been proven togbetéixicant [4].

Endocrine disrupting compounds include a wide varad chemicals, such as natural
estrogens, phytoestrogens, industrial chemicald, @asticides [5]. Among them, 4-
nonylphenol (4-NP) is a widespread xenoestrogenaooinating aquatic environments
[6]. Itis a product derived from alkylphenol etiytates that are used to produce non-
ionic surfactants, detergents, emulsifiers for agemicals, antioxidants for rubber
manufacture and as lubricant oil additives [7]orra physical-chemical point of view,
low solubility and high hydrophobicity allowing itsccumulation and persistence in
environmental compartments that are characteriaechigh organic content [8]. It
evoked much concern as it represents a major clggléo fish signifying in targeting
many systems such as immunity hematology [9], esmhoregulatory [10] systems.
Also, its health problems surpass to human by aatating in the lipid of living
organisms through the food chain [11].

Hematological outcome endpoints offer a simple aachpelling methodological tool
for understanding physiological processes, diagnosstructural and functional status
of intoxicated fish, and screening the water qudlit2, 13]. African catfish Qlarias

gariepinus) is considered as a promising model for toxicatagstudies [14] .



The mission of this study is to focus on the paotémhodulatory role of five modified
thienopyrazole derivatives concerning the hematoddgindexes and electrolyte
equilibrium in 4-NP poisoned African catfisGlarias gariepinus) for the first time in a
hope of getting novel effective therapeutical sige¢s against this highly prevalent
aguatic toxicant.

2. Materials and methods:

2.1. 4-Nonylphenol

4-Nonylphenol (4-NP) was obtained from Sigma-Altdri&Schnelldrof, Germany) with
purity 99.3%.

2.2. Novel thieno [2,3-c] pyrazole compounds

New synthesized [2,3-c] pyrazole compounds (4-Amino&thyl-1-phenyl-1H-
thieno[2,3-c]pyrazole-5-carbonitrile, 4-Amino-3-rhgt-1-phenyl-1H-thieno[2,3-
c]pyrazole-5-carboxamide, 4-Amino-N-(4-methoxyphig+3¢methyl-1-phenyl-1H-
thieno[2,3-c]pyrazole-5-carboxamide, 4-Amino-N-larophenyl)-3-methyl-1-phenyl-
1H-thieno[2,3-c]pyrazole-5-carboxamide  and  4-(2dCbacetamido)-3-methyl-1-
phenyl-1H-thieno[2,3-c]pyrazole-5-carboxamide) wewsed in this study. Their
synthetic procedures, physical properties, andtsgedata were previously published
[14].

2.3. Experimental design

Adult African catfish Clarias gariepinus) were collected at July 2013, and acclimated
in aerated recirculating tank containing experirabntedia water for two months. Prior
to the experiments, the fish were examined to ée &@f external parasites [15]. To test
the biological effects of the present chemical coomuls, adult fish (six per group) were
maintained in 100 L glass aquaria; one group ag@pthe second exposed to 0.1 mg/|

4-NP, and the other five groups exposed to 0.1 tdyP were injected intramuscularly



in the form of emulsion once daily with differerésted chemicals compounds as
described in our previous publication [14] for tweeks in triplicates per each group.
The doses selected for this study were based on ctireent guidelines and
recommendations of bulk chemicals [16]. During ¢éxeerimental period, fish were fed
5% body weight twice daily with commercial pelleasid the experimental media water
was changed every day. Fish measuring the averagalsout 36.7 + 1.38 cm in length
and the average weight about 424.4 + 27.34 g.

2.4. Blood analysis

Blood samples (six fish/group) were collected frahe caudal vein of fish in
heparinized tubes. The red blood cells (RBCs), avhibod cells (WBCs) and platelets
counts, hematocrit (HCT) value, and Hb content wee¢ermined using automated
technical analyser (Mindray Bc-2800). Mean corplecwolume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpusciiamoglobin concentration
(MCHC) were calculated using the formulae mentiobgdl17]:

Total WBCs were counted using improved Neubaur lwegtometer [18], and
differential count (lymphocytes, monocytes, neutitgy and eosinophils) was displayed
by staining blood films with Giemsa stain. The cemications of HC@, Na', K*, CI,
Cu™?, Fe? and C&”were measured in serum using atomic absorptiortrepémtometer
(GBC Model 300).

2.5. Statistical analysis

The data were expressed as means + standard eéthe mean. Significant differences
between groups were analyzed by one-way ANOVA fe#ld by Duncan post hoc test
for multiple comparisons using SPSS software, verdi6. Differences were considered
statistically significant at R 0.05.

2.6. Ethical statement



All experiments were carried out in accordance it Egyptian laws and University
guidelines for the care of experimental animalsl ptocedures of the current
experiment have been approved by the Committee anlulty of Science, Assiut
University, Egypt.

3. Results

3.1. Macrocytic hyperchromic anemia in African catfish under 4-NP stress, and
specificity of thienopyrazole compound 1 in tar geting hemoglobin and compound 2

in targeting the rate of erythropoiesis

As shown in table (1), a significant decrease irCRi®unt and HCT value, and increase
in MCV and MCH versus their control levels were etved in African catfish under
4-NP stress. In comparison with 4-NP exposed greigmificant decrease in Hb level
and MCH were resulted from treatment of 4-NP intated fish with compound 1 in
association with 4-NP. On the other hand, compaima combination with 4-NP was
the most efficient in correcting RBC count and H&dnormalities versus 4-NP alone.
3.2. Great disturbances in the cdlular fraction of blood by 4-NP, and various
recovery patterns exhibited by thienopyrazole derivatives

It was statistically apparent that 4-NP lonely wasmpable of inducing
thrombocytopenia, leucopenia, neutrophilia, eodiilap and decreased count of large
lymphocytes relative to the control. Compound 2,43,and 5 were successful in
returning platelet count to the control value. Rdgay total WBCs count, all
thienopyrazole derivatives in conjunction with 4-féfled to overcome 4-NP-induced
leucopenia. Analysis of variance demonstrated nieatrophilia was most significantly
prevented by compound 2 and 4, whereas, compouraigl 3 reduced such number
significantly to a midway between control and 4-N&ues. The most significant

elevation in large lymphocyte count appeared afeatment of 4-NP poisoned fish with



compound 4, followed in potency by compound 5, i) ghen 3. Small lymphocyte
numbers of fish exposed to mixture of 4-NP togethighn either of compound 2, 4, or 5
were the same as those of either untreated fisl-NP intoxicated one while,
compound 1 and 3 reduced the numbers to a simglgreé as 4-NP alone. In case of
monocytes, the treatment itself worsens the camditis indicated by monocytosis in
both of 4-NP/compound 1 and 4-NP/compound 2 groGpswversely, compounds 1, 2,
and 3 succeeded in returning eosinophil back térablevel.

3.3. Electrolyte balance disruption in 4-NP poisoned African catfish and
continuation of thienopyrazole compound 1 in exhibiting side effects

As shown in table (2), 4-NP toxicity in African &ah was responsible for
hyponatriemia, hyperkalemia, hyperferremia, andaimatic acidosis as evidenced by
decreased serum HGQevel versus normal untreated fish. Levels of seNa" became
halfway between those of control and 4-NP poisagredips following supplementation
with compounds 1, 2 or 3 combined with 4-NP. Theeaske influences of compound 1
when supplemented with 4-NP were repeated agairthén form of exaggerated
hypocholeremia, hypoferremia, and hypocalcaemiacoimtrast, absence of significant
differences in serum GIFe, and C#? levels were clear between 4-NP toxicated group
and other 4-NP/thienopyrazole combination groupH. tlienopyrazole compounds
failed to cause any significant changes in serunamd Cii? levels with respect to 4-NP
exposed group. Estimated from serum’,N&, CI', and HCQ levels, anion gap failed
to elicit any significant change in 4-NP intoxicatish versus normal untreated ones.
As compared with both of control and 4-NP treateaugs, other compounds had no
significant impacts on anion gap except compoundghich incriminated in causing
severe metabolic acidosis as manifested by ratkisgliagnostic endpoint.

Discussion:



The present investigation paves the road to ge¢lrenwd efficient protective modalities
against unresolved toxicological conditions in @guarganisms, and is the first to give
spotlight on the ability of the synthetic pyraza@lempounds in alleviating toxicity in
fish. It is worthy to take into consideration th#te differences/similarities in
structure/properties of the present compounds akeady investigated [14]. 15 days-
exposure to 4-NP in this study exhausted haemattipopotential, as revealed by
reduced RBC count, matching with the findings oévious studies [9, 19-21]. The
decline in RBCs number may be attributed to infobitof erythropoiesis, exhaustion of
hemopoietic activity of kidney, elimination of RB@®m circulation, and haemolysis
[19, 21, 22]. The non-significant change in Hb emitmay be due to the dose is a
critical variable in understanding the changes mddntent following 4-NP exposure
[9]. The marked increase in MCV along with MCH godeand to hand with the
hematological outcomes in African catfish and juleercommon carp [9, 20, 21]
suggesting macrocytic hyperchromic anemia. MCH d@ased due to marked
enlargement in RBCs sizes (MCV), however the natite increment in MCH failed to
compensate reduced total RBCs count resulting @mamged MCHC which keeps pace
with the data obtained from [21]. Thienopyrazolenpmund 1 or 2 was effective in
correcting one aspect of anemic disorders. Comp@uetbvated RBCs number, with
subsequent rising in PCV to the same level as ahmthile compound 1 was superior
in reducing MCH towards the control value. Inhibiti of hypoxia inducible factor
prolyl 4-hydroxylase, and stimulation of erythrogtim secretion may justify the new
pyrazoles modulatory impacts as exemplified by otgrazole derivatives, namely
benzimidazole-2-pyrazole carboxylates [3].

Versus normal untreated fish, there was a sigmficdecrement in blood leucocyte

count of 4-NP treated ones in parallel with thdigbof 4-NP and 1p-estradiol (E2) in



suppressing lipopolysaccharide-induced leukocytdifpration [23]. High remarkable
drop in the large lymphocyte count of African csitfi poisoned with 4-NP is
corresponding to the same outcome pattern in figh rmice [20, 24]. Contradictory,
remarkable decrements in large and small lymphoeytabers were obvious following
dosing with 4-NP/compound 1, and small lymphocytembers in case of 4-
NP/compound 3 to similar levels which caused by R-bhly. Similarly, pyrazole
complexes decreased lymphocyte populationsishmania amazonensis-infected mice
and mouse graft-versus-host disease model via ssgipn of lymphocyte proliferation
and C4&" signals in CD4and Jurkat T-cells [25-27].

In the present work, 4-NP-induced neutrophilia isteched with previous work
demonstrating increment in the granulocyte pergentan female rats exposed
maternally to 4-tert-octyphenol [28]. The ability a@l thienopyrazole compounds with
exception of first one to relieve neutrophilia isngatible with decreased total
neutrophil count in horse [29].

A significant decrement was noticed in the bloodhtglet count together with
eosinophilia in 4-NP intoxicated African catfisharharmony with the findings detected
by [20]. All thienopyrazole compounds except commbul antagonized the
thrombocytopenia induced by 4-NP perhaps by pratog of survival, reduction of
turnover, and inhibition of phagocytosis [30, 3With exclusion of thienopyrazole
compounds 1, 2, and 3, the remaining ones succdedaeercome the 4-NP-mediated
eosinophilia as matched with prevention of eosiidpfiltration in actively sensitized
guinea pigs and Brown Norway rats by YM-58483, heopyrazole derivative [32].

In the current experiment, 4-NP caused a significcrease in serum Néevel in
parallel with a significant increase in serum Iével most probably as consequent to

inhibition of kidney N&-K'-ATPase activity [10]. Serum Ndevels were increased

8



following administration of 4-NP-poisoned Africanatlish with thienopyrazole
compound 2 and 3, without significant changes iurseK’ levels in any compound
treated groups. Some derivatives of imidazole aydop a structurally relevant to
pyrazole, represented novel classes of gastritKtATPase inhibitors [33, 34]
indicating consequent loss of Kcom the digestive tract.

Insignificant alteration in serum TClevel of 4-NP-loaded fish is conflicting with
obvious increase of chloride cell size and numhemainbow trout [35]. However, this
disagreement may be due to variations in the exyarial dose-duration setup. In its
continuing way to show its dark sides, thienopyl@az@ompound 1 induced
hypocholeremia which may attributed to affinitysamilar structures as pyrrole to bind
with chloride anion [36].

4-NP in this work was responsible for metabolicdasis which is consistent with
previous findings [37] and was characterized byassive fall in serum HCOlevel as

a result of endogenous acids accumulation leadinghift in the acid-base balance
towards the acidic side [38]. Surprisingly, the egkable drop in serum HGOevel did
not accompany with any significant changes in thmragap contradicting [37]. This
condition referred to non-anion gap acidosis whabkerved in disorders due to loss of
HCQO;s, such as renal tubular acidosis [39]. Thienopyezmompound 1 was the
superior in increment of anion gap because it ahauke highest decrease in serum
HCO; and Cllevels together with the highest increase in seanand K levels.
4-NP-induced metabolic acidosis may be lie behimdaaked increment in serum ¥e
level, because pH-dependent affinity of transfefion iron decreases under acidic
conditions [40]. Lowering serum Eelevel below the control by thienopyrazole
compound 1 provoked undesirable effect because imogombination with some

proteins exerts a variety of vital functions [41].



Absence of significant changes in serum*Ckvel following 4-NP stresses is
conflicting with other finding [42]. Another adversimpact of thienopyrazole
compound 1 was marked hypocalcaemia which couldtresincreased neuromuscular
excitability leading to tetany [43], and compronaidgone integrity due to the reduction
in available stores of Ca[44].

Conclusions

The results of this study indicated that, most hd hew synthesized thienopyrazole
compounds used in this study as compound 2>3>4>% wkective in relieving the
toxicological features associated with 4-nonylpHeeaposure regarding electro-
hematological markers of the African catfisbldrias gariepinus). More investigation

was required for compound 1.
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Table 1: Impacts of 4-nonylphenol alone and its combinatidth thienopyrazole compounds

on the hematological parameters of African catfiSkarias garepinus).

Parameters/Groups Control 4-NP Compound 1 Compound 2 Compound 3 Compound 4 Compound 5
RBC count (million/pl) 3.80+0.06° 2.93+0.088% 2.98+0.72% 3.20+0.058" 3.13+0.33™ 3.07+0.09" 2.87+0.33°
Hb content (mg/dl) 9.43+0.68° 8.61+0.23" 7.51+0.35° 9.01+0.10" 8.78+0.20" 8.77+0.16" 8.42+0.20°
HCT (%) 38.22+0.59° 35.15+0.57™ 33.55+0.87° 37.52+0.39° 36.79+0.66™ 34.860.92 34.89+0.86™
MCV (um’) 98.22+4.37° 119.9743.29° 112.86+4.25° 117.3342.43° 117.46+2.94° 113.9645.66° 121.79+4.14°
MCH (pg) 24.16+0.39° 29.37+0.72° 25.19+0.55" 28.18+0.60° 27.98+0.46° 28.69+1.37° 29.40+1.04°
MCHC (g/dl) 24.72+1.41° 24.52+0.90° 22.41+1.22° 24.02+0.52° 23.89+0.94" 25.18+0.42° 24.14+0.26"
Platelet count (thc ds/pl) 216.67+2.67° 204.33+2.03° 203.67+4.18° 211.336.06" 206.67+3.33" 211.33+0.88% 213.67+1.20"
WBC count (thousands/ul) 12.24+0.24° 10.50+0.21° 10.64+0.76° 11.43+0.38% 10.87+0.29° 11.17+0.03™ 11.53+0.13%
Neutrophil count (%) 11.67+0.33° 15.67+0.33° 16.33+0.33° 13.00+0.58™ 13.67+0.67" 13.00+0.58™ 13.67+0.33°
Large lymphocyte count (%) 58.67+0.33° 53.00+0.58° 53.67+0.88% 56.33+0.88™ 55.33+0.88% 57.67+0.33" 57.33+0.33%
Small lymphocyte count (%) 25.00+0.58° 22.67+1.67° 21.33+0.88° 23.00+0.58° 22.00+0.00™ 24.33+0.33" 24.00+0.58°
Monocyte count (%) 2.67+0.58™ 2.00+0.58° 4.00+0.00° 3.670.33" 3.00+0.58°" 2.67+0.33" 2.330.33°
Eosinophil count (%) 2.000.00° 6.67+0.88" 4.67+0.33™° 4.00+1.16" 6.00+0.58% 2.33+0.33° 2.67+0.33%

Results are expressed as means + SEM of 6 fisgrpep.
Different letters indicate significance at p<0.Q0%fenvay ANOVA followed by Duncan post hoc

test).

Table 2: Impacts of 4-nonylphenol alone and its combinatidth thienopyrazole compounds

on serum electrolyte levels and anion gap of Africatfish Clarias garepinus).

Parameters/Groups Control 4-nonylphenol Compound 1 Compound 2 Compound 3 Compound 4 Compound

Serum Na’ level (pg/ml) 125.67+2.03° 116.332.19° 118.33+0.33™ 124.00£1.53% 120.00£0.58" 115.673.71° 116.0042.65°
Serum K level (ug/ml) 4.04+0.09° 4.74+0.28" 5.17+0.19° 4.39+0.26™ 4.50+0.22™ 4.33+0.11™ 4.34+0.15™

Serum CT level (ug/ml) 94.67+1.76° 89.67+0.33" 81.67+3.18° 91.67+1.20% 91.00+0.58" 85.67+3.90" 89.00+0.58"
Serum HCO; level (pg/ml) 20.00+1.00° 13.00+0.58° 12.33+0.33° 19.00 +0.58° 16.00 + 1.16° 13.67 +0.33° 13.67 +0.33°
Anion gap (mEq ") 15.04+1.91° 18.40+1.847 29.50+3.05° 17.72+1.38° 17.50+0.48° 20.67+7.417 17.67+3.46°
Serum Cu*’ level (ug/ml) 110.15+6.01° 98.77+0.62°™ 91.63+2.26° 107.11+6.50" 106.59+6.21% 94.80+0.32" 96.77+1.15°°
Serum Fe” level (ug/ml) 15.60+0.42° 17.50+0.30° 12.93+0.13° 16.43+0.20™ 17.0740.37° 16.43+0.55™ 16.83+0.58"
Serum Ca™ level (ug/ml) 52.13+1.17° 48.42+0.84° 42.13+1.16" 52.45+1.86° 49.81+0.30° 49.16+1.51° 48.76+1.17°

Results are expressed as means + SEM of 6 fisgrpep.
Different letters indicate significance at p<0.Q%fevay ANOVA followed by Duncan post hoc

test).

" Anion gap = N&+K -CI-HCO;..
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