Devastating impacts of 4-nonylphenol versus modulatory roles of novel thieno [2,3-

c] pyrazole compoundsin African catfish (Clarias gariepinus)

Abstract

The endocrine disrupting substances represent rnohgltenge 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 disruptorueafices 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 prabkein fishes.
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1 I ntroduction

Pyrazole is considered a privileged structure ingddesign which motivating the
researchers to put it in the area of attention lagw. Their cores are used as
multitalented scaffolds to develop innovative commpds 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 todbetéixicant [4].

Endocrine disrupting compounds include a wide war@ chemicals, such as natural
estrogens, phytoestrogens, industrial chemicald, @esticides [5]. Among them, 4-
nonylphenol (4-NP) is a widespread xenoestrogenaooinating aquatic environments
[6]. Itis a product derived from alkylphenol exiytates that are used to produce non-
ionic surfactants, detergents, emulsifiers for abemicals, antioxidants for rubber
manufacture and as lubricant oil additives [7]orRra physical-chemical point of view,
low solubility and high hydrophobicity allowing itgccumulation and persistence in
environmental compartments that are characteriaechigh organic content [8]. It
evoked much concern as it represents a major cig@léo 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, diagnotistructural and functional status
of intoxicated fish, and screening the water qudlit2, 13]. African catfish Glarias
gariepinus) is considered as a promising model for toxicatagstudies [14] .

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

2. Materials and methods:

2.1. 4-Nonylphenal



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

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

Their synthetic procedures, physical properties] apectral data were previously
published [14].

2.3. Experimental design

Adult African catfish Clarias gariepinus) were collected from Assiut University Fish
Farm at July 2013, and acclimated in aerated naleiting tank containing experimental
media water for two months. Prior to the experiragttie fishes were examined to be
free of external parasites [15]. To test the bimlabeffects of the present chemical
compounds, adult fish (six per group) were maimdiin 100 L glass aquaria; one
group as control, the second exposed to 0.1 m@P4-and the other five groups
exposed to 0.1 mg/l 4-NP were injected intramusbula the form of emulsion once
daily with different tested chemicals compoundsi@scribed in table (1) for two weeks
in triplicates per each group. The doses seleatethis study were based on the current
guidelines and recommendations of bulk chemicaly. [During the experimental
period, fishes were fed 5% body weight twice daviyh commercial pellets, and the
experimental media water was changed every day.

2.4. Blood analysis

Blood samples (six fishes/farm) were collected frdhe caudal vein of fish in
heparinized tubes. The red blood cells (RBCs), evhlbod 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 mentiobgd17]:



Total WBCs were counted using improved Neubaur lwegtometer [18], and
differential count (lymphocytes, monocytes, neultitsy 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 absorptiortrspémtometer
(GBC Model 300).

2.5. Statistical analysis

The data were expressed as means * standard étha mean. Significant differences
between groups were analyzed by one-way ANOVA fedid 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 animals! Atocedures of the current
experiment have been approved by the Committee amlulty 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 (2), a significant decrease irCRi®unt and HCT value, and increase
in MCV and MCH versus their control levels were eb®d 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, compadima combination with 4-NP was

the most efficient in correcting RBC count and H&dnormalities versus 4-NP alone.
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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 waspable of inducing
thrombocytopenia, leucopenia, neutrophilia, eodniligy 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-Kd#led to overcome 4-NP-induced
leucopenia. Analysis of variance demonstrated tieatrophilia was most significantly
prevented by compound 2 and 4, whereas, compouradsl d reduced such number
significantly to a midway between control and 4-N&ues. The most significant
elevation in large lymphocyte count appeared dfesatment of 4-NP poisoned fishes
with compound 4, followed in potency by compoun@ 5and then 3. Small lymphocyte
numbers of fishes exposed to mixture of 4-NP togjettith either of compound 2, 4, or
5 were the same as those of either untreated fishesNP 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 candiéis 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

4-NP toxicity in African catfish was responsibler fayponatriemia, hyperkalemia,
hyperferremia, and metabolic acidosis as evidermedecreased serum HgQevel
versus normal untreated fishes. Levels of serurbéaame halfway between those of
control and 4-NP poisoned groups following suppletagon with compounds 1, 2 or 3

combined with 4-NP. The adverse influences of cammplol when supplemented with



4-NP were repeated again in the form of exaggerhygdcholeremia, hypoferremia,
and hypocalcaemia. In contrast, absence of sigmificlifferences in serum CFe?,
and C&% levels were clear between 4-NP toxicated group astber 4-
NP/thienopyrazole combination groups. All thiengmole compounds failed to cause
any significant changes in seruni lind Cii? levels with respect to 4-NP exposed
group. Estimated from serum Na&", CI, and HCQ@ levels, anion gap failed to elicit
any significant change in 4-NP intoxicated fishessus normal untreated ones. As
compared with both of control and 4-NP treated gspuother compounds had no
significant impacts on anion gap except compoundhich incriminated in causing
severe metabolic acidosis as manifested by ratkisgliagnostic endpoint.

Discussion:

The present investigation paves the road to ge¢lrewd 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 wakeady 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 eomtmay 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 dased due to marked



enlargement in RBCs sizes (MCV), however the natite increment in MCH failed to
compensate reduced total RBCs count resulting amaimged MCHC which keeps pace
with the data obtained from [21]. Thienopyrazolenpound 1 or 2 was effective in
correcting one aspect of anemic disorders. Comp@uetevated RBCs number, with
subsequent rising in PCV to the same level as ahmithile compound 1 was superior
in reducing MCH towards the control value. Inhibiti of hypoxia inducible factor
prolyl 4-hydroxylase, and stimulation of erythrogiim secretion may justify the new
pyrzoles modulatory impacts as exemplified by otpgrazole derivatives, namely
benzimidazole-2-pyrazole carboxylates [3].

Versus normal untreated fishes, there was a sigmifidecrement 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 frgh raice [20, 24]. Contradictory,
remarkable decrements in large and small lymphoweytabers 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 @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 pra@tog 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 eositlapfiltration in actively sensitized
guinea pigs and Brown Norway rats by YM-58483, hropyrazole derivative [32].

In the current experiment, 4-NP caused a significkecrease in serum Néevel in
parallel with a significant increase in serum lével most probably as consequent to
inhibition of kidney N&-K'-ATPase activity [10]. Serum Ndevels were increased
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 Kkom 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 affinitysilar 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
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towards the acidic side [38]. Supersingly, the n&kalale drop in serum HCOlevel did
not accompany with any significant changes in themmgap contradicting [37]. This
condition referred to non-anion gap acidosis whaberved in disorders due to loss of
HCOs, such as renal tubular acidosis [39]. Thienopylezmompound 1 was the
superior in increment of anion gap because it chuke highest decrease in serum
HCOs and Cllevels together with the highest increase in selainand 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 Felevel below the control by thienopyrazole
compound 1 provoked undesirable effect because imocombination with some
proteins exerts a variety of vital functions [41].

Absence of significant changes in serum*Ckevel 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 current studied thienopyrazole compounds wefecteve in relieving the
toxicological features associated with 4-NP expeswgarding electro-hematological
markers. With exception of some compounds whictdmeere detailed investigations

to obtain the most optimum dose/duration.

7. References

1. Malvar Ddo, C., et al., Antinociceptive, anti-inflammatory and antipyretic effects of
1.5-diphenyl-1H-Pyrazole-3-carbohydrazide, a new heterocyclic pyrazole derivative.
Life Sci, 2014. 95(2): p. 81-88.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jadhav, S.Y.,, et al.,, PEG Mediated Synthesis and Biological Evaluation of
Asymmetrical Pyrazole Curcumin Analogues as Potential Analgesic, Anti-
Inflammatory and Antioxidant Agents. Chem Biol Drug Des, 2014.

Rosen, M.D., et al., Benzimidazole-2-pyrazole HIF Prolyl 4-Hydroxylase Inhibitors as
Oral Erythropoietin Secretagogues. ACS Med Chem Lett, 2010. 1(9): p. 526-529.
Mekkawy, I.LA.A., U.M. Mahmoud, and A.H. Sayed, Effects of 4-nonylphenol on blood
cells of the African catfish Clarias gariepinus (Burchell, 1822) Tissue Cell, 2011a. 43:
p. 23—229.

Xu, W., et al., Endocrine-disrupting chemicals in the Pearl River Delta and coastal
environment: sources, transfer, and implications. Environmental geochemistry and
health, 2014. 36(6): p. 1095-104.

Ara, F. and P. Damrongphol, Vitellogenin gene expression at different ovarian stages
in the giant freshwater prawn, Macrobrachium rosenbergii, and stimulation by 4-
nonylphenol. Aquaculture Research, 2014. 45(2): p. 320-326.

Vazquez-duhalt, R., et al., Nonylphenol, an intergrated vision of a pollutant. Scientific
review. APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 2005. 4(1): p. 1-25.
Soares, A., et al., Nonylphenol in the environment: a critical review on occurrence,
fate, toxicity and treatment in wastewaters. Environment international, 2008. 34(7):
p. 1033-49.

Senthil Kumaran, S., et al., Toxicity studies of nonylphenol and octylphenol:
hormonal, hematological and biochemical effects in Clarias gariepinus. J Appl
Toxicol, 2011. 31(8): p. 752-761.

Carrera, E.P., et al., Effects of 17beta-estradiol and 4-nonylphenol on osmoregulation
and hepatic enzymes in gilthead sea bream (Sparus auratus). Comparative
biochemistry and physiology. Toxicology & pharmacology : CBP, 2007. 145(2): p.
210-7.

De Falco, M., et al., Nonylphenol effects on the HPA axis of the bioindicator
vertebrate, Podarcis sicula lizard. Chemosphere, 2014. 104: p. 190-6.

Kavitha, C., et al., Toxicological effects of arsenate exposure on hematological,
biochemical and liver transaminases activity in an Indian major carp, Catla catla.
Food and chemical toxicology : an international journal published for the British
Industrial Biological Research Association, 2010. 48(10): p. 2848-54.

Adhikari, S., et al., Effects of cypermethrin and carbofuran on certain hematological
parameters and prediction of their recovery in a freshwater teleost, Labeo rohita
(Hamilton). Ecotoxicololgy and Environmental Safty 2004. 58(2): p. 220-226.

Sayed, A.H., et al., The biological activity of new thieno[2,3-c]pyrazole compounds as
anti-oxidants against toxicity of 4-nonylphenol in Clarias gariepinus. Toxicology
Reports, 2015. 5: p. 1-9.

AFS-FHS, Suggested Procedures for the Detection and Identification of Certain Finfish
and Shellfish Pathogens. Vol. Vol. 5. 2003, Bethesda, Maryland, USA: American
Fisheries Society.

OECD. http://wwwoecdorg/document/39/. Consensus documents for the work on
the safety of novel foods and feeds 2012.

Dacie, J.V. and S.M. Lewis, Reference ranges and normal values, in Practical
haematology1991, Churchill Livingstone: New York. p. 9-17.

Shah, S.L. and A. Altindag, Effects of Heavy Metal Accumulation on the 96-h LC50
Values in Tench Tinca tinca L., 1758. Turk. J. Vet. Anim. Sci., 2005. 29: p. 139-144.
Binjhade, A. and V.K. Shrivastava, Ameliorative Role of Vitamin-c Against para-
Nonylphenol Toxicity in Reference to Body Weight and Haematological Parameters in
Male Mus musculus. American-Eurasian Journal of Toxicological Sciences, 2012.
4(4): p. 175-180.

10



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mekkawy, I.A., U.M. Mahmoud, and D. Sayed Ael, Effects of 4-nonylphenol on blood
cells of the African catfish Clarias gariepinus (Burchell, 1822). Tissue & cell, 2011.
43(4): p. 223-9.

Schwaiger, J., et al.,, Chronic toxicity of nonylphenol and ethinylestradiol:
haematological and histopathological effects in juvenile Common carp (Cyprinus
carpio). Aquatic toxicology, 2000. 51(1): p. 69-78.

Santhakumar, M., M. Balaji, and K. Ramudu, Effect of sublethal concentrations of
monocrotophos on erythropoietic activity and certain hematological parameters of
fish Anabas testudineus (Bloch). Bull Environ Contam Toxicol, 1999. 63(3): p. 379-
384.

Shelley, L.K., P.S. Ross, and C.J. Kennedy, The effects of an in vitro exposure to
17beta-estradiol and nonylphenol on rainbow trout (Oncorhynchus mykiss)
peripheral blood leukocytes. Comparative biochemistry and physiology. Toxicology &
pharmacology : CBP, 2012a. 155(3): p. 440-6.

Dobrzynska, M.M., [DNA damage to somatic cells of mice exposed to nonylphenol
and to a combination of ionizing radiation and nonylphenol]. Roczniki Panstwowego
Zakladu Higieny, 2012. 63(4): p. 417-24.

Charret, K.S., et al., The histopathological and immunological pattern of CBA mice
infected with Leishmania amazonensis after treatment with pyrazole carbohydrazide
derivatives. Experimental parasitology, 2013. 133(2): p. 201-10.

Ohga, K., et al., Characterization of YM-58483/BTP2, a novel store-operated Ca2+
entry blocker, on T cell-mediated immune responses in vivo. International
immunopharmacology, 2008. 8(13-14): p. 1787-92.

Zitt, C., et al., Potent inhibition of Ca2+ release-activated Ca2+ channels and T-
lymphocyte activation by the pyrazole derivative BTP2. The Journal of biological
chemistry, 2004. 279(13): p. 12427-37.

Barlas, N. and M. Aydogan, Histopathologic effects of maternal 4-tert-octylphenol
exposure on liver, kidney and spleen of rats at adulthood. Arch Toxicol. , 2009. 83(4):
p. 341-349.

MacKay, R.J., et al., Effects of large doses of phenylbutazone administration to
horses. American journal of veterinary research, 1983. 44(5): p. 774-80.

Packham, M.A., et al., Alteration of the response of platelets to surface stimuli by
pyrazole compounds. The Journal of experimental medicine, 1967. 126(1): p. 171-88.
Purohit, M.K., et al., Disulfide linked pyrazole derivatives inhibit phagocytosis of
opsonized blood cells. Bioorganic & medicinal chemistry letters, 2013. 23(8): p. 2324-
7.

Yoshino, T., et al., YM-58483, a selective CRAC channel inhibitor, prevents antigen-
induced airway eosinophilia and late phase asthmatic responses via Th2 cytokine
inhibition in animal models. European journal of pharmacology, 2007. 560(2-3): p.
225-33.

Yamada, M., et al., 2-[(2-Aminobenzyl)sulfinyl]-1-(2-pyridyl)-1,4,5,6-
tetrahydrocyclopent[d]imidazoles as a novel class of gastric H+/K+-ATPase inhibitors.
J Med Chem, 1996. 39(2): p. 596-604.

Arikawa, Y., et al., Discovery of a novel pyrrole derivative 1-[5-(2-fluorophenyl)-1-
(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-N-methylmethanamine fumarate (TAK-438) as a
potassium-competitive acid blocker (P-CAB). ) Med Chem, 2012. 55(9): p. 4446-4456.
Stoffel, M.H., et al., Exposure of rainbow trout (Oncorhynchus mykiss) to nonylphenol
is associated with an increased chloride cell fractional surface area. Schweiz Arch
Tierheilkd, 2000. 142(5): p. 263-267.

Gross, D.E., et al.,, Cooperative binding of calix[4]pyrrole-anion complexes and
alkylammonium cations in halogenated solvents. Chemistry, 2008. 14(26): p. 7822-7.

11



37.

38.

39.

40.

41.
42.

43.

44,

Sayed, A.E., l.LA. Mekkawy, and U.M. Mahmoud, Effects of 4-nonylphenol on
metabolic enzymes, some ions and biochemical blood parameters of the African
catfish Clarias gariepinus (Burchell, 1822). Afican Journal of Biochemistry research,
2011. 5(9): p. 287-297.

Lim, S., Metabolic acidosis. Acta medica Indonesiana, 2007. 39(3): p. 145-50.

Oka, Y., et al., Sevelamer hydrochloride exacerbates metabolic acidosis in
hemodialysis patients, depending on the dosage. Therapeutic apheresis and dialysis :
official peer-reviewed journal of the International Society for Apheresis, the
Japanese Society for Apheresis, the Japanese Society for Dialysis Therapy, 2007.
11(2): p. 107-13.

Hurn, P.D., et al., Bicarbonate conservation during incomplete cerebral ischemia with
superimposed hypercapnia. The American journal of physiology, 1991. 261(3 Pt 2): p.
H853-9.

Evstatiev, R. and C. Gasche, Iron sensing and signalling. Gut, 2012. 61(6): p. 933-52.
McCormick, S.D., et al., Endocrine disruption of parr-smolt transformation and
seawater tolerance of Atlantic salmon by 4-nonylphenol and 17beta-estradiol.
General and comparative endocrinology, 2005. 142(3): p. 280-8.

Ito, N. and S. Fukumoto, [Symptoms and management of tetany]. Clinical calcium,
2007.17(8): p. 1234-9.

Nordin, B.E. and H.A. Morris, The calcium deficiency model for osteoporosis.
Nutrition reviews, 1989. 47(3): p. 65-72.

Table 1. The fish groups exposed to 4-nonyphenol (0.1mghemicals

compounds (10 mg/kg body weight) and their com|oomat

Treatment/Group 1 2 3 4 3 6 7
4-Nonylphenol 0 0.1 0.1 0.1 0.1 0.1 0.1
4-amino-3-methyl-1-phenyl-1H-thieno[2,3-c] 0 0 10 0 0 0 0
pyrazole-5-carbonitrile

4-amino-3-methyl-1-phenyl-1H-thieno[2,3-c] 0 0 0 10 0 0 0
pyrazole-5-carboxamide

4-amino-N-(4-chlorophenyl)-3-methyl-1- 0 0 0 0 10 0 0
phenyl-1H-thieno[2,3-c]pyrazole-5-

carboxamide

4-amino-N-(4-methoxyphenyl)-3-methyl-1- | 0 0 0 0 0 10 0
phenyl-1H-thieno[2,3-c]pyrazole-5-

carboxamide

4-(2-chloroacetamido)-3-methyl-1-phenyl-1H-0 0 0 0 0 0 10

thieno[2,3-c]pyrazole-5-carboxamide
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Table 2: Impacts of 4-nonylphenol (4-NP) alone and its coration with

thienopyrazole compounds on the hematological peters of African catfish

(Clarias garepinus).

Parameters/Groups Control 4-NP Compound 1 Compound 2 Compound 3 Compound 4 Compound 5
RBC count (million/pl) 3.800+0.058° 2.933+0.088 2.977+0.717% 3.200+0.0577° 3.133+0.33™ 3.067+0.088° 2.867+0.333°
zcd
HCT (%) 38.217+0.587° | 35.153+0.56 | 33.550+0.872° 37.523+0.393° | 36.790+0.660° | 34.860+0.916™ 34.890+0.856™
9bc b
MCH (pg) 24.160+£0.389° | 29.373+0.72 | 25.192+0.545 28.180+0.601° | 27.980+0.455° | 28.687+1.369° 29.396+1.040°
26
Platelet count | 216.667+2.667° | 204.333+2.0 | 203.667+4.177° | 211.333%6.064” | 206.667+3.33 | 211.333+0.882" 213.667+1.202%
(thousands/pl) 28° 3%
Neutrophil count (%) 11.667+0.333° | 15.667+0.33 | 16.333+0.333° 13.000+0.577 | 13.667+0.667° | 13.000+0.577™ 13.667+0.333"
36
Large lymphocyte count | 58.667+0.333° | 53.000+0.57 | 53.667+0.882* | 56.333+0.882™ | 55.333+0.882° | 57.667+0.333% 57.333+0.333"
(%) 7¢ d
Small lymphocyte count | 25.000+0.577° | 22.667+1.66 | 21.333+0.882° | 23.000+0.577"° | 22.000+0.000° | 24.333+0.333% 24.00020.577°"
(%) 7abc c
Monocyte count (%) 2.667+0.577™ 4.000+0.000° 3.667+0.333% 2.667+0.333™ 2.333+0.333°
2.000+0.577° 3.000+0.577°
Eosinophil count (%) 2.000+0.000° 4.667+0.333° 4.000+1.155™ 2.333+0.333° 2.667+0.333“
6.667+0.882° 6.000+0.577%

Results are expressed as means + SEM of 6 fishagqep.

Different letters indicate significance at p<0.0%eway ANOVA followed

Duncan post hoc test).

Table 3. Impacts of 4-nonylphenol (4-NP) alone and its combon with

by

thienopyrazole compounds on serum electrolyte ¢evaatd anion gap of

African catfish Clarias garepinus).

Parameters/Groups

Control

4-nonylphenol

Compound 1

Compound 2

Compound 3

Compound 4

Compound 5

Serum Na' level (pg/ml)

125.667+2.028°

116.333+2.186°

118.333+0.333°

c

124.000+1.528°
b

bc

120.000+0.577°

115.667+3.712°

116.000+2.646°

Serum K’ level (ug/ml)

4.037+0.091°

4.737+0.284°°

5.167+0.186°

4.387+0.260™

4.503+0.221"

4.333+0.121™

4.33740.150™

Serum CI level (ug/ml)

94.667+1.764°

89.667+0.333%

81.667+3.180°

91.667+1.202"

91.000+0.577%

85.667+3.930™

89.000+0.577°

Serum HCO; level
(pg/ml)

20.000+1.000°

13.000+0.577°

12.333+0.333°

19.000 + 0.577°

16.000 + 1.155"

13.667 +0.333°

13.667 + 0.333¢

Anion gap (mEq I'l)‘

15.037+1.914°

18.403+1.841%

29.500+3.053°

17.720+1.380°

17.503+0.478"

20.667+7.409%

17.670+3.455°

Serum Cu* level (ug/ml)

110.147+6.006°

98.767+0.622%°
c

91.633+2.256°

107.113+6.500°
b

106.587+6.212°
b

94.803+0.322™

96.767+1.153™™

Serum Fe* level (ug/ml)

15.600+0.416"

17.500+0.300°

12.933+0.133°

16.433+0.203%

17.067+0.371°

16.433+0.549™

16.8330.578" |

Results are expressed as means + SEM of 6 fismegqep.

Different letters indicate significance at p<0.0%evay ANOVA

Duncan post hoc test).

" Anion gap = N&+K™-CI'-HCOs..
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