
                   Nigerian Research Journal of Chemical Sciences (ISSN: 2682-6054) 

 Volume 12, Issue 1, 2024           

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/                                           107 
 

 
ANTI-DIABETIC, SERUM ELECTROLYTE AND VITAMIN POTENTIALS OF 3-[2-

(1, 5-DIMETHYL-3-OXO-2-PHENYL-2,3-DIHYDRO-1H-PYRAZOL-4-

YL)HYDRAZINYLIDENE]-1-PHENYLBUTANEDIONE (HL) AND ITS Fe(III), 

Co(II), Cu(II), AND Ni(II) COMPLEXES IN ALLOXAN-INDUCED DIABETIC RATS 

*1Agbo Ndidiamaka Justina and 2Ukoha Pius Oziri 

1Chemistry Advanced Research Centre, Sheda and Science and Technology Complex 

(SHESTCO), Garki-Abuja, Nigeria. 

2Coordination Chemistry and Inorganic Pharmaceuticals Unit, 

Department of Pure and Industrial Chemistry, University of Nigeria, Nsukka, Enugu State, 

Nigeria. 

*Corresponding Author: agbo.ndj@gmail.com 

ABSTRACT 

The antidiabetic, serum electrolyte and vitamins potential of 3-[2-(1,5-dimethyl-3-oxo-2-

phenyl-2,3-dihydro-1H-pyrazol-4-yl)hydrazinylidene]-1-phenylbutanedione (HL), and its 

[Fe(HL)2]Cl3, [Co(HL)2]Cl2, [Cu(HL)2]Cl2 and [Ni(HL)2]Cl2 which represent the Fe(III), 

Co(II), Cu(II) and Ni(II) complexes of ligand HL respectively were investigated to explore the 

effects against alloxan-induced diabetic rats (120 mg/kg body weight). The compounds were 

tested for acute toxicity (LD50). Non-toxic compounds were also studied for their antidiabetic 

activities. Accordingly, rats were categorized into 7 groups including control (A), untreated 

diabetic control (B), diabetic treated with glibenclamide (C), treatment groups (1A, 1B, and 

2A, 2B) given HL and [Ni(HL)2]Cl2  compounds at low and high doses (200 and 400 mg/kg) 

of body weight, respectively, for 14 days. Then, the rats were sacrificed and blood collected 

were analysed for blood glucose level, serum electrolyte and vitamin concentrations. The anti-

diabetic revealed that HL, [Ni(HL)2]Cl2, and glibenclamide (standard control) reduced blood 

glucose levels of experimental rats by 62.24 %, 75.00 %, and 60.56 % respectively within 14 

days of treatments. The untreated diabetic rats (control group B) exhibited an increase in 

plasma glucose and serum electrolytes and a decrease in vitamin concentrations. 

Administration of HL and [Ni(HL)2]Cl2 in low and high doses reversed the status of the serum 

electrolytes and vitamin levels to normal levels in diabetic rats as compared to control 

(diabetic) rats. This study showed that HL and its Ni(II) complex normalized the high blood 

glucose concentrations of alloxan-induced diabetic rats without impairments on their vitamins 

and serum electrolytes concentrations associated with diabetes mellitus. 
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INTRODUCTION  

Diabetes is a difficult disease. The global health impact on humanity will increase from 529 

million to 1.3 billion by 2050 [1]. Diabetes is characterized by elevated blood sugar levels, 

called hyperglycemia. Alloxan is a classic diabetogenic chemical that exerts selective cytotoxic 

effects on pancreatic β-cells, causing β-cell destruction and type 1 diabetes. Diabetes is 

associated with insulin resistance, hyperglycemia, oxidative stress, neuropathy, retinopathy, 

nephropathy, stroke, cardiovascular disease, gingivitis, amputation, polydipsia, polyphagia, 

polyuria, muscle weakness, weight loss and high blood pressure [2]. 

A lot of synthesized Schiff base drugs for diabetes are in existence.  Although many 

Schiff bases have been reported to have pharmaceutical properties despite hypersensitivity and 

hepatotoxicity. Those derived from 4-aminoantipyrine have anti-diabetic, anti-tuberculosis, 

and anti-HIV properties and were known to have a wide range of interesting biological 

activities [3]. These synthetic drugs have been considered good and less toxic [4]. The need for 

specialist diabetes treatment is increasing. There is growing concern about the side effects of 

synthetic drugs such as metformin and glibenclamide. Common side effects of using 

glibenclamide and metformin include low blood sugar (hypoglycaemia), taste changes, nausea, 

abdominal pain, diarrhoea, headache and upper respiratory tract infections. Also, its use can 

cause serious but rare side effects such as milk acidosis.  

This paves the way for the search for compounds with no or minimal side effects for 

the control, treatment of diabetes and its complications. The aim of this study was to test the 

acute toxicity (LD50) of this novel hydrazone compound derived from 4-amino antipyrine and 

its complexes that was reported by Agbo and Ukoha [5] and find the ameliorative effects of 

these compounds on alloxan-induced diabetes rats since no such work has been done on these 

compounds.  

 

 

MATERIALS AND METHODS  

Chemicals/Compounds 

All chemicals used were of analytical reagent quality, and were supplied by Sigma and used as 

received unless otherwise noted. A commercially available solvent was distilled and used for 

the synthesis.  
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Synthesis of the compounds 

The synthetic ligand: 3-[2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-

yl)hydrazinylidene]-1-phenylbutanedione (HL) was prepared according to the method of 

Ahmed Abdou [6].  About 4-Aminoantipyrine (0.0006 mol) was dissolved in dilute 

hydrochloric acid (1 cm3 in 5 cm3 water) and diazotized with sodium nitrite solution (0.0009 

mol) with manual stirring at 5 °C. The resulting diazotized 4-amino antipyrine was poured into 

a solution of 0.0006 mol of 1-phenyl-1,3-butanedione and 0.0305 mol of sodium acetate with 

mechanical stirring at room temperature. An orange powder product was collected and 

characterized for HL (yield: 51.37%, melting point 660 °C) as shown in Scheme 1. 
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Scheme 1: synthesis  of 3-[2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-

dihydro-1H-pyrazol-4-yl)hydrazinylidene]-1-phenylbutanedione HL
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The metal complexes were prepared by adopting the Adithya et. al method [7]. The metal 

solution of 2 moles of a metal salt with I mole of 3-[(E)-(1,5-dimethyl-3-oxo-2-phenyl-2,3-

dhydro-1H-pyrazole-4-yl)diazenyl]1-phenylbutandione in about 50 cm3 ethanol was stirred for 

a period of  6 h  at 60 ºC. The resulting solids were filtered off, recrystallized with ethanol and 

dried over CaCl2. 

 

Experimental animals 

All experiments involving the use of albino rats and mice were conducted in compliance with 

University of Nigeria, Nsukka, Faculty of Veterinary Medicine Institutional Animal Care and 

use Committee (Ethical Approval Reference Number: FVM-UNN-IACUC-2023-11/132). 
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 A total of 35 male and female albino rats with an average body weight of 120 ± 20 g were 

used for experimental diabetes studies, and 150 mice were used for toxicity tests (LD50). These 

were obtained from the Animal House, Faculty of Veterinary Medicine, University of Nigeria, 

Nsukka, Enugu State, Nigeria. Animals were housed under normal environmental conditions. 

They were acclimated to laboratory conditions for 7 days. 

 

Experimental design 

The animal experiments adhered to the Guide for the Care and Use of Laboratory Animals. 

Animals were weighed and randomly assigned to seven groups and treated as follows:   

 

Table 1: The animal groups and treatments received 

Group   No of rats  Treatment 

Group A 5 Normal control (diabetic induced None + No Treatment) 

Group B 5 Positive Control (Diabetes Induced + No Treatment 

Group C 5 Standard Control (Diabetes Induced + Treated with 200 

mg/kg body weight glibenclamide/standard drug) 

Group 1A 5 (Diabetes Induced + 200 mg /kg body weight treated 

with Ligand (HL) 

Group 1B 5 5 (Diabetes induced + 400 mg/kg Body weight treated 

with Ligand (HL)) 

Group 2A 5 (Diabetes induced + 200 mg/kg Body weight Treated 

with [Ni(HL)2]Cl2 

Group 2B 5 (Diabetic induction + 400 mg/kg body weight treated 

with [Ni(HL)2]Cl2  

 

 Acute toxicity (LD50) test 

Acute toxicity studies of HL and its complexes [Fe(HL)2]Cl3, [Co(HL)2]Cl2, [Cu(HL)2Cl2] and 

[Ni(HL)2]Cl2 were carried out using the methods described by Earnest [8, 9]. 
 

For HL ligand: 

A total of 30 mice were divided into groups (1, 2, 3, 4, 5, and 6) of 5 mice each. The doses 

were in two phases (phase 1 and phase 2). In phase 1, the animals in groups 1 to 3 were dosed 

with 10, 100, and 1000 mg/kg body weight of the synthesized samples solubilized in 2.5%, v/v 

propylene glycol in water respectively.   While in phase 2, all the animals in groups 4 to 6 were 
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dosed with 1900, 2600, and 5000 mg/kg body weight of the synthesized samples solubilized in 

2.5%, v/v propylene glycol in water. All administrations were carried out orally via an oral 

gastric syringe. The animals were observed for the first four hours, 24 hours, and daily for 14 

days for signs of toxicity and mortality. At the end of 14 days, the total number of deaths was 

recorded. This procedure was repeated for [Fe(HL)2]Cl3, [Co(HL)2]Cl2,  [Cu(HL)2Cl2] and 

[Ni(HL)2]Cl2 complexes one after the other. 

Compounds with less toxicity were used for the animal studies. Only the ligand HL and 

[Ni(HL)2]Cl2 complex were less toxic.  

 

Induction of diabetes  

Alloxan monohydrate of 120 mg/kg body weight (dissolved in 0.9% sterile NaCl solution of 

pH 7) [10, 11] was administered intraperitoneally to rats in groups 1 to 5 to induce diabetes, of 

which their blood glucose level had been previously determined.  

Thereafter, blood was collected from the tail artery of the animals to determine their glucose 

levels using the Accu-check active glucometer made by Roche Diabetes Care, India. Rats with 

serum glucose levels between 250–400 mg/dl, showing clear signs of polyuria, polyphagia, and 

polydipsia after one day were considered diabetic and used for the experiment [12,13]. The 

animals were treated and fed for 14 days and blood glucose level was monitored on the 7th and 

14th day.  

 

Collection of blood 

Then, the rats were fasted overnight and sacrificed by jugular vein incision after light 

chloroform anesthesia. Five ml of blood from each rat was collected into a dry centrifuge tube 

and allowed to clot at room temperature (24 to 26 °C). The serum was then separated from the 

clot by centrifugation at 2000×g for 15 minutes. Serum was collected in clean bottles and stored 

at 4 °C until use [14]. 

 

Determination of blood electrolyte and vitamins                                                                                                                                      

Estimation of bicarbonate [15, 16] 

Into three test tubes labeled test, standard, and blank 5 µl of serum, 5 µl of standard, and 5 µl 

distilled water were added respectively. Then, 1.0 ml carbon dioxide reagent was added into 

each test tube mixed gently, and incubated at room temperature for 5 minutes. The absorbance 

at 340 nm was recorded. Carbon dioxide concentration (mmol/L) was calculated using the 

equation: 
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𝐶𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 𝐶𝑜𝑛𝑐. (𝑚𝑚𝑜𝑙 𝐿⁄ ) =
𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

𝐴𝑏𝑠. 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 − 𝐴𝑏𝑠 . 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
… … . . 𝐸𝑞. 1 

Estimation of chloride 

This was done according to the Wallins et al method [17]. Into three test tubes labelled test, 

standard and blank 10 µl of serum, 10 µl of standard, and 10 µl distilled water were added 

respectively. Then, 1.5 ml chloride reagent was added into each test tube, mixed gently, and 

incubated at room temperature for 5 minutes. The absorbance was read and recorded at 520 

nm. Chloride concentration (mEq/L) was calculated using the equation: 

𝐶ℎ𝑙𝑜𝑟𝑖𝑑𝑒 𝐶𝑜𝑛𝑐. (𝑚𝐸𝑞 𝐿⁄ ) =
𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
× 𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 … … . . 𝐸𝑞 2 

Estimation of potassium 

Into three test tubes labelled test, standard, and blank, 10 µl of serum, 10 µl of standard, and 

10 µl distilled water were added respectively. Then, 1.0 ml potassium reagent was added into 

all the test tubes, mixed, and left to stand at room temperature for 3 minutes. After 3 min, the 

wavelength of the spectrophotometer was set at 500 nm and zeroed with a reagent blank. The 

absorbance of all test tubes was read and recorded [18, 19]. Potassium concentration (mEq/L) 

was calculated using the equation: 

𝑃𝑜𝑡𝑎𝑠𝑠𝑖𝑢𝑚 𝐶𝑜𝑛𝑐. (𝑚𝐸𝑞 𝐿⁄ ) =
𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
× 𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 … … . . 𝐸𝑞 3 

Estimation of sodium 

Into three test tubes labelled test, standard, and blank 20 µl of serum, 20 µl of standard, and 20 

µl distilled water were added respectively. 1.0 ml of working reagent was added into each test 

tube, mixed, and allowed to stand for at least 60 seconds at room temperature. The 

spectrophotometer was zeroed with blank at 520 nm. The absorbance of all the test tubes was 

read and recorded. Sodium concentration (mg/l) was calculated using the equation: 

𝑆𝑜𝑑𝑖𝑢𝑚 𝐶𝑜𝑛𝑐. (𝑚𝑔 𝐿⁄ ) =
𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
× 𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 … … . . 𝐸𝑞 4 

 

Determination of Vitamin C 

Three test tubes labelled serum, standard, and blank were added 100 µl of serum, 100 µl of 

standard, and 100 µl distilled water respectively. Then, 1 ml of 10 % trichloroacetic acid (TCA) 

and 0.5 ml chloroform was added and centrifuged for 10 min. After that, 1 ml of the supernatant 
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was pipetted into a test tube and 0.4 ml of combined colour reagent was added. This was 

incubated in a water bath for 1 hour at 56 % and cooled in an ice cold. And 2 ml of ice-cold 85 

% H2S04 was slowly added. It was left for 30 minutes. Absorption was measured at 540 nm 

[20] 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐶 =
𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠 𝑜𝑓 𝑏𝑙𝑘

𝑆𝑙𝑜𝑝𝑒
 … … … … 𝐸𝑞 5 

Determination of Vitamin E  

Vitamin E content was estimated by adding 0.1 ml of serum inside the test tube. Then, 0.9 ml 

of distilled water was added and 0.5 ml of ferric chloride was added and mixed. To this was 

added 0.5 ml of α - dipyridyl solution and read immediately.  The absorbance at 520 nm was 

measured. Values were read as mg/dl of serum from a standard curve. 

 

Determination of Vitamin A 

Exactly 0.1 ml of serum was added to the test tube. Then, 2 ml of petroleum ether was added 

and mixed thoroughly. This was incubated in a very hot water bath to dryness. 0.2 ml of 

chloroform acetic anhydride was added and mixed. To this was added 2 ml of 10 % TCA 

chloroform. The color developed was read at 620 nm in the spectrophotometer. Values were 

read as mg/dl of serum from a standard curve. 

 

Statistical analyses 

Data from the glucose profile, serum electrolytes, and vitamins studies were analyzed using 

one-way analysis of variance (ANOVA), and Statistical Package for the Social Sciences 

(SPSS) version 20. Results were expressed as mean ± SD.  

 

RESULTS AND DISCUSSION  

Interpretation of the chemical structure 

The synthesis and characterization of this ligand HL and its Fe(III), Co(II), Cu(II), and Ni(II) 

complexes have been reported [5].  

An attempt was made to suggest the structures of ligand HL and all the complexes with the 

support of spectra techniques like NMR, IR, UV, mass spectra as well as elemental data 

analysis. The single crystals of HL and metal complexes were not obtained in spite of several 

attempts.   
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IR spectral for HL (Fig. 2) showed a broad peak at 3415 cm-1 indicating an (N-H) stretching 

vibration [21]. The peak around 1810 and 1750 cm-1 were assigned to C=O of diketones, while 

the peak at 1661 and 1643 cm-1 were assigned to the carbonyl (C=O) group of pyrazolone [22]. 

A strong peak at 1597 cm-1 was assigned to (C=N) stretching vibration. 

It was observed that after HL complexed, this very absorption peak shifted to higher, lower, 

higher and even higher in the [Fe(HL)2]Cl3 , [Co(HL)2]Cl2, [Cu(HL)2]Cl2, and  [Ni(HL)2]Cl2 

complexes spectrum respectively. This was in agreement with previous observations of other 

azopyrazolones complex [7]. In the spectra of the complexes some of the peaks observed for 

(C=O) stretch in HL shifted to lower and higher frequencies in some complexes, showing an 

involvement of   C=O carbonyl in the complexation. 

 [Fe(HL)2]Cl3 , [Co(HL)2]Cl2, [Cu(HL)2]Cl2, and  [Ni(HL)2]Cl2 complexes had peaks around 

512, 577, 569.02 and 553.59 cm-1 respectively. These peaks could be due to M-O vibration  

[22]. Other peaks around 463 cm-1, 488 cm-1, 449.43 cm-1 and 457.14 cm-1 in the spectrum 

of [Fe(HL)2]Cl3, [Co(HL)2]Cl2, [Cu(HL)2]Cl2, and  [Ni(HL)2]Cl2 respectively were  due to M-

Cl vibrations [23] 

Considering the electronic spectra of HL with that of its complexes in methanol (10-4 

M) and with regards to band position and intensity, their spectra showed much similarity. Two 

absorption bands 413 and 522 nm were observed. The bands were attributed to π→ π* 

transitions of the conjugated bonds and n →π* transitions of the non-bonding electrons in the 

ligand. 

In the spectrum of [Co(HL)2]Cl2, 351 and 430.35 nm absorption bands were observed. 

These absorptions showed a hypsochromic shift, indicating that the ligand coordinated to metal 

ions via the oxygen of the carbonyl groups and with the hydrazone nitrogen [24]. These bands 

were attributed to n→π* transitions of the conjugated bonds and π→π* transitions of the 

ligand.  A shift from 413 nm of ligand HL to 351 nm in [Co(HL)2]Cl2 complex , was an 

evidence of complexation in the ligand’s spectrum in relation to the complex’s spectrum. 

Four absorption bands were observed in the spectrum of [Fe(HL)2]Cl3. The bands were 496.4 

nm (10373 cm-1), 560.7 nm (17835 cm-1), 665 nm (15038 cm-1) and 775 nm (12903 cm-1). The 

bands were mainly attributed to metal to ligand charge transfer or vice versa existing in thie 

complex [24]   

[Cu(HL)2]Cl2 spectrum showed only one absorption band at 433 nm. The band was 

attributed to n →π* of the ligand but the shift from 413 nm of HL to 433 nm in [Cu(HL)2]Cl2 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/


Agbo Ndidiamaka Justina and Ukoha Pius Oziri: Anti-Diabetic, Serum Electrolyte and Vitamin 
Potentials of 3-[2-(1, 5-Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-YL)Hydrazinylidene]-1-
Phenylbutanedione (HL) and its Fe(III), Co(II), Cu(II) and Ni(II) Complexes in Alloxan-Induced Diabetic 
Rats 
 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/                                           115 
 

suggests the coordination of ligand with Cu(II) ion [25]  This inner ligand transitions are 

common due to the presence of (C=O), (C=N) and (C=C) groups in the ligand structure [26]. 

 [Ni(HL)2]Cl2 spectrum shows one strong absorption bands in the ultraviolet region, and it is 

737.5 nm (13557 cm-1).  

The molar conductance value of all the complexes revealed that [Fe(HL)2]Cl3, 

[Co(HL)2]Cl2 and [Ni(HL)2]Cl2 were electrolytes, while [Cu(HL)2]Cl2 was non-electrolytes 

when compared to CuSO4 and NaCl salts [27], [Fe(HL)2]Cl3, [Co(HL)2]Cl2 and [Ni(HL)2]Cl2 

complexes were observed to have Cl- inside co-ordination sphere with metal ion. While 

[Cu(HL)2]Cl2 was outside the coordination sphere 

The 1H NMR of HL (Fig. 1) was run in two places with different solvents. This shows 

that it existed in tautomeric form of azo and hydrazo form.  

The azo form which was run in CDCL3 as a solvent shows peaks at 1.6645 ppm (1H, s), 2.0102 

ppm (3H, s), 2.6265 (3H, s) and 3.0212 (3H, s) indicating the CDCL3 solvent peak, CH3 methyl 

carbon of acetyl, C-CH3, and N-CH3 methyl protons of the pyrazolone ring respectively. Peaks 

around 7.3179-7.5448 (5H, m), 7.6188 and 7.6223(1H, d) (4H, d) is due to phenyl protons. At 

14.4375(1H, s), the peak indicated OH proton.  

The hydrazo form of HL which was run in CDCl3 + CD3OD as solvent shows peaks at 

1.88 and 1.99 ppm (3H, s) , 2.16 (3H,s) and 3.28 (3H,s) indicating CH3 methyl carbon of acetyl, 

C-CH3,  and N-CH3 methyl protons of the pyrazolone ring  respectively. Another peaks around 

4.88(1H, s), 6.35(1H, s) indicating solvent (HDO) peak and N-H proton. Peaks around 7.44 

and 7.845(1H, d), 7.50 and 7.52(1H, s) were due to phenyl protons.  

The 13C NMR spectrum of azo form of HL (Fig. 3) gave fourteen (14) peaks 

corresponding to the number of carbon atom in azo structure [28, 29]. The peaks at 197.2550 

and 192.7911 ppm were for the carbon atoms of the carbonyl groups.  The peak at 158.8717 

ppm and 143.1192 ppm were assigned to the carbon atoms of C-OH and C-N=N group 

respectively. The peaks for the carbon atoms of the aromatic rings substituent appeared at 

139.3866 ppm, 124.0001 ppm, 114.6728 ppm, 77.0151 ppm.  The peaks for carbon atoms of 

antipyrine appeared at 132.3844, 129.4933 and 127.8724 ppm. Peaks due to carbon atoms of 

the methyl rings appeared at 36.1439, 30.3369 and 10.9233 ppm respectively. 

The 13C NMR spectrum of hydrazo form of HL gave the same fourteen (14) peaks 

corresponding to the number of carbon atom in hydrazo structure. The peaks at 197.22 and 

194.16 ppm were for the carbon atoms of the carbonyl groups.  The peak at 182.78 ppm and 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/


Agbo Ndidiamaka Justina and Ukoha Pius Oziri: Anti-Diabetic, Serum Electrolyte and Vitamin 
Potentials of 3-[2-(1, 5-Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-YL)Hydrazinylidene]-1-
Phenylbutanedione (HL) and its Fe(III), Co(II), Cu(II) and Ni(II) Complexes in Alloxan-Induced Diabetic 
Rats 
 

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/                                           116 
 

178.36 ppm were assigned to the carbon atoms of C=O of methyl and C=N group respectively. 

The peaks for the carbon atoms of the aromatic rings substituent appeared at 133.4767 ppm, 

47.655 ppm, 34.01 ppm, 29.44 ppm.  The peaks for carbon atoms of antipyrine ring appeared 

around 128.88, 126.25 and 96.21 ppm . Peaks due to carbon atoms of the methyl rings appeared 

at 24.41, 22.45 and 9.67 ppm respectively. 

 

 

 Fig 1: The 1H NMR spectral of HL                             Fig 2: The IR spectra HL 

 

 

Fig 3: The 13C NMR HL 
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Mass spectrometry showed signals (Fig. 4) at: m/z, 464.5385(m. wt), m/z  384.336 

indicated the removal of (–C6H5) of dibenzoyl methane in the ligand, m/z 306.4805 shows that 

fragmentation has taken place at the second benzoyl group. The mass spectrum shows a 

fragment at an m/z value of 922.872 suggesting that the ligand exists in a dimeric form probably 

H-bonding.  

 

Fig. 4: The mass spectral of HL 

 

From the available data, it was clear that the ligand acted as tridentate and coordinated through 

nitrogen and oxygen of the carbonyl group involved in hydrogen bonding, replacing the H with 

metal ions in some complexes.   Octahedral geometry was assigned to all the Fe(III), Co(II), 

Cu(II) and Ni(II) complexes of HL respectively. 

  

Biological investigation of <-[2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-

yl)hydrazinylidene]-1-phenylbutanedione  and its complexes  on diabetic rats 

Treatments of diabetic rats with HL and [Ni(HL)2]Cl2 revealed the beneficial effects of these 

compounds in improving the imbalance in lipid metabolism experienced during diabetes.  

 

Effect of the acute toxicity test of the compounds on the animals 

The results of the acute toxicity tests for the compounds are shown in Table 2. Values at the 

numerator in each group show the number of mice that died after administration while the 

denominator shows the number of mice used in each group. Phase 1 and Phase 2 represent 

different low and high dosages (concentrations) of samples.  
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Table 2: Acute Toxicity (LD50) results of HL and its complexes 

Groups  Dosages 

mg/kg  

HL           Z         Z1                       Z2           Z3       

(number of  deaths on each compound)  

 

Group 1 10 0/5 0/5 0/5 0/5 0/5 

Group 2 100 0/5 2/5 3/5 2/5 0/5 

Group 3 1000 0/5 5/5 5/5 4/5 0/5 

Phase II:  

Group 1 1900 0/5 5/5 5/5 5/5 0/5 

Group 2 2600 0/5 5/5 5/5 5/5 0/5 

Group 3 5000 0/5 5/5 5/5 5/5 0/5 

Behavioural changes Nil Weakness 

,drowsiness

, death 

Weakness, 

drowsiness, 

death 

Weakness, 

drowsiness, 

death 

Nil 

Where , Z= [Co(HL)2]Cl2 , Z
1= [Fe(HL)2]Cl3 , Z

2 =  [Cu(HL)2]Cl2 and Z3 = [Ni(HL)2] Cl2 

A death was recorded for some of the mice administered with 100 mg/kg body weight 

[Fe(HL)2]Cl3, [Co(HL)2]Cl2, and [Cu(HL)2]Cl2 respectively in Table 2. Behavioral changes 

such as weakness and drowsiness were noticed before they died.   For mice administered with 

samples HL and [Ni(HL)2]Cl2,  no animal died and no behavioral changes occurred after 

administration.  

 

Effects of treatment with low and high doses of HL and [Ni(HL)2]Cl2  on blood glucose 

concentrations 

The blood glucose concentrations obtained are shown in Table 3. In the diabetic treatment 

groups, blood glucose concentrations decreased significantly (p < 0.05) concerning the final 

concentrations obtained in the control group. Blood glucose concentration significantly (p < 

0.05) decreased in the diabetic group treated with low and high doses (20 and 400 mg/kg.b.w) 

of HL and [Ni(HL)2]Cl2 respectively, when compared with that of the untreated diabetic rats. 

A significant (p < 0.05) decrease in blood glucose concentration was obtained in the diabetic 

group, administered with both low and high doses (20 and 400 mg/kg.b.w) of HL and 

[Ni(HL)2]Cl2 with respect to the diabetic group treated with glibenclamide. 
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Table 3: Effect of the Synthesized Samples on the Blood Glucose Concentration of 

 Experimental Diabetic Rats 

Group Before 

Induction  

(mg/dL) 

After Induction  

(mg/dL) 

After 7 Days 

Treatment 

(mg/dL) 

After 14 Days 

Treatment 

(mg/dL) 

% 

decrease 

(7 days) 

% 

decrease 

(14 days) 

     A 71.60±6.84 72.40±7.57 74.00±12.85 74.40±7.23   

     B 73.40±9.91 308.00±65.36  414.00±45.67 527.80±37.12   

     C 76.40±5.32 294.60±77.75 175.00±60.38 116.20±18.23 40.60 60.56 

     1A 73.40±9.48 360.40±126.40 195.40±58.99 101.20±19.41 45.78 71.92 

     1B 79.20±11.23 274.40±49.71 149.60±41.82 103.60±8.38 45.48 62.24 

     2A 80.00±7.31 322.80±95.71 145.40±48.64 92.20±23.44 54.96 71.44 

     2B 79.60±11.01 353.60±85.82 109.60±21.29 88.40±9.21 69.00 75.00 

Abbreviations: A, normal rats; B, untreated diabetic; C, diabetic + treated with Glibenclamide; 

1A, diabetic + treated with 200 mg/Kg body weight of HL; 1B, diabetic + treated with 400 

mg/Kg body weight of HL, 2A, diabetic + treated with 200 mg/Kg body weight of 

[Ni(HL)2]Cl2; 2B, diabetic + treated with 400 mg/Kg body weight of [Ni(HL)2]Cl2;). Values 

with superscript letters are significantly (p < 0.05) different 

 

Effects of treatment with glibenclamide, low and high doses of HL and [Ni(HL)2]Cl2 on 

serum electrolytes concentration of diabetic  rats 

The electrolyte concentrations were determined to evaluate mineral imbalance in the blood of 

diabetic rats in all the groups (Table 4). The Selenium, bicarbonate, and chloride concentrations 

of the untreated diabetic group were significantly (p < 0.05) higher, compared to that of the 

control group. The Potassium concentration (1.87±0.20) of the untreated diabeteic group was 

significantly (p < 0.05) lower, compared to that of the control group. The Sodium, bicarbonate, 

and chloride concentrations in the diabetic groups, treated with 200 and 400 mg/kg body weight 

of HL and [Ni(HL)2]Cl2  respectively, were significantly (p < 0.05) lower when compared with 

the values recorded in the untreated diabetic group or that of the diabetic group treated with 

glibenclamide. 
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Table 4: Effect of the synthesized samples on the Electrolytes concentration of Experimental 

Rats 

Groups Sodium Potassium Bicarbonate Chloride 

A 1.23±0.09 4.37±0.39 24.20±2.86 99.60±3.36 

B 1.87±0.20 3.27±0.25 29.60±2.97 124.20±9.09 

C 1.37±0.25 3.91±0.57 25.80±3.19 102.00±5.61 

1A 1.28±0.05 4.02±0.54 22.40±1.14 102.20±4.66 

1B 1.28±0.04 4.05±0.79 25.40±1.95 102.20±4.15 

2A 1.25±0.05 4.32±0.31 22.40±1.14 100.40±4.39 

2B 1.21±0.08 4.38±0.51 24.60±3.29 99.40±5.50 

Abbreviations: A, normal rats; B, untreated diabetic; C, diabetic + treated with Glibenclamide; 

1A, diabetic + treated with 200 mg/Kg body weight of HL; 1B, diabetic + treated with 400 

mg/Kg body weight of HL, 2A, diabetic + treated with 200 mg/Kg body weight of 

[Ni(HL)2]Cl2; 2B, diabetic + treated with 400 mg/Kg body weight of [Ni(HL)2]Cl2;). Values 

with superscript letters are significantly (p < 0.05) different. 

 

Effects of treatment with glibenclamide, low and high doses of HL and [Ni(HL)2]Cl2 

respectively on Vitamin concentrations of diabetic rats 

There was a significant (p < 0.05) decrease in Vitamin A, Vitamin C, and Vitamin E activity 

in the untreated diabetic group when compared with that of the control group (table 5). 

Similarly, Vitamin A activity was lower (p < 0.05) in the diabetic groups treated with low and 

high doses of HL and [Ni(HL)2]Cl2 respectively than that of the control group. Also, Vitamin 

C and Vitamin E activities were lower (p < 0.05) in the diabetic groups treated with low doses 

of HL than in the control group. A highly significant (p < 0.05) increase was recorded in 

Vitamin C and Vitamin E activities in the diabetic groups treated with low and high doses of 

[Ni(HL)2]Cl2 respectively when compared with the controls.  

 

Table 5: Effects of the synthesized samples on the vitamins concentration of experimental rats 

Groups Vit E Vit A Vit C 

A 1.77±0.188 3.19±0.75 1.83±0.40 

B 0.94±0.15 1.09±0.24 0.79±0.25 

C 1.57±0.11 3.38±0.23 1.94±0.41 
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1A 1.59±0.13 2.45±0.37 1.72±0.12 

1B 1.77±0.20 2.64±0.27 1.80±0.17 

2A 1.97±0.10 3.15±0.23 2.21±0.36 

2B 1.95±0.17 3.17±0.32 2.22±031 

Abbreviations: A, normal rats; B, untreated diabetic; C, diabetic + treated with Glibenclamide; 

1A, diabetic + treated with 200 mg/Kg body weight of HL; 1B, diabetic + treated with 400 

mg/Kg body weight of HL, 2A, diabetic + treated with with 200 mg/Kg body weight of 

[Ni(HL)2]Cl2; 2B, diabetic + treated with with 400 mg/Kg body weight of [Ni(HL)2]Cl2;). 

Values with superscript letters are significantly (p < 0.05) different. Results are expressed as 

mean ± SD (n = 5).  

 

The absence of signs or symptoms of toxicity and death of the rats administered 10 – 5000 

mg/kg of HL and [Ni(HL)2]Cl2 after 24 h indicated that HL and  [Ni(HL)2]Cl2 were relatively 

safe for consumption. This showed that they are not capable of causing substantially 

immediately after consumption even at their increased doses 8. However, there is a need to 

evaluate the chronic toxicity effects of HL and [Ni(HL)2]Cl2 to avert any toxicity associated 

with its regular consumption. Some compounds have shown to be safe for consumption after 

acute toxicity studies have demonstrated chronic toxicity. The absence of adverse reactions and 

death even when 5000 mg/kg of HL and [Ni(HL)2]Cl2 were administered to rats suggests that 

they have some high safety margin and it was in line with report of Ezembu [30]. For samples 

[Fe(HL)2]Cl3, [Co(HL)2]Cl2 and [Cu(HL)2]Cl2 , their  LD50 were calculated. The results 

obtained were less than 50 mg/kg showing that they are highly toxic [8]. 

The normal blood glucose levels in the rats in all the groups used for the study before 

the induction of diabetes showed that they were healthy and free from any pre-existing diabetic 

condition. Conversely, the high blood glucose levels obtained in the diabetic control and all the 

low and high doses of HL and [Ni(HL)2]Cl2, Glibenclamide treated showed that the rats were 

made diabetic by the induction of alloxan.  The persistently elevated blood glucose levels in 

the diabetic control after 7 and 14 days’ post-induction of diabetes in the blood glucose 

indicated persistent hyperglycemia in the diabetic control, which aligns with Kifle et al. report 

[31]. The persistent hyperglycemia in the diabetic control suggests that the diabetic control rats 

could suffer severe hyperglycemia and complications that could massively affect their chance 

of survival and even cause death if unabated. This showed that alloxan at a dose of 120 mg/kg 
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body weight caused considerable damage to pancreatic beta-cells to the extent that the secreted 

insulin was unable to regulate blood glucose, resulting in a significant (p < 0.05) increase in 

blood glucose concentrations [32].  It has been shown that the toxic effect of alloxan in the 

pancreas is followed by its rapid uptake by the beta-cells and ROS generation [33, 34].  In the 

presence of hydrogen peroxide and Fe2+, highly reactive hydroxyl radicals (OH·) are formed 

[35]. The results of the present study showed that the hyperglycemia produced by alloxan-

induced the over-production of ROS, inactivation of the antioxidant enzymes by the non-

enzymatic glycation of proteins, and compromised the function of pancreatic beta-cells [36, 

37]. ROS generation usually leads to cellular damage through several mechanisms (oxidation, 

interference with nitric oxide (NO), and modulation of detrimental intracellular signaling 

pathways). After 14 days of treatment with 200 and 400 mg/kg b.w. of HL, the glucose 

concentration of diabetic rats decreased by 71.92 % and 62.24 % respectively, which was 

higher compared with that observed when diabetic rats were treated with glibenclamide for 14 

days (60.56 %). This result suggests that 200 and 400 mg/kg b.w. of HL could serve as an anti-

diabetic drug at both short and long durations of treatment. The 14 days of treatment with the 

glibenclamide resulted in a glucose concentration (116.20±18.23 mg/dL) that significantly (p 

< 0.05) reduced by 60.56 %, compared with their glucose concentration 24 h after induction 

(294.60±77.75 mg/dL). This shows that the standard drug possesses anti-diabetic properties 

and is capable of mitigating alloxan-induced hyperglycemia and diabetes [16]. 

Treatment with low and high doses of [Ni(HL)2Cl2] for 14 days reduced the glucose 

concentration of diabetic rats by 71.44% and 75.00% respectively. 

In contrast, the time and dose-dependent significant reduction in blood glucose and high 

percentage fall in blood glucose levels showed the antihyperglycemic effects of low and high 

doses of HL and [Ni(HL)2]Cl2 on diabetic rats. The antidiabetic activities exhibited by low and 

high doses of HL and [Ni(HL)2]Cl2 in diabetic rats are comparable to those of glibenclamide. 

Diabetes was not observed in normal control rats, hence the diabetogenicity was caused by 

only alloxan. Subsequent administration of low and high doses of HL and [Ni(HL)2]Cl2 

respectively to the experimental groups (1A, 1B and 2A, 2B) with 200mg and 400mg per kg 

ameliorated the diabetogenic effect of alloxan.  

Treatment of low and high doses of HL and [Ni(HL)2]Cl2 on the diabetic rats did not 

have only significant difference in the serum electrolytes studies in this work Na+ K+, and 

HCO3
-. Totan and Greaby [38] have investigated and reported that red cell Na+, K+ ATPase 
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plays a vital role in the regulation of cationic hemostasis and an altered state of NA+, K+ ion 

concentration during complications of diabetes mellitus. Thus, this helps the electrolyte balance 

in diabetics [39]. The mechanism thus ensures little or no change in the serum levels of Na+, 

K+, and HCO3- 

The decreased concentrations of potassium and increased bicarbonate in the diabetic 

group might be due to excessive lipolysis in severe diabetic mellitus leading to ketosis and later 

acidosis [40]. Numerous studies have found alterations in the micronutrient status of rats with 

diabetes mellitus [41]. In some studies, deficiency of certain minerals and vitamins has been 

correlated with the presence of diabetes complications such as nephropathy, neuropathy, 

atherosclerosis [42].  

 After treatment with alloxan, there may be some surviving β-cells and regeneration is also 

possible. This study was therefore able to establish the diabetogenicity of alloxan as seen in the 

glucose level, and that in diabetes mellitus, glucose reduction by the treatment with the 

compounds, electrolytes, and vitamin, concentration is elevated. 

Concentrations were significantly elevated in the diabetic groups treated with low and high 

doses of HL and [Ni(HL)2]Cl2 when compared with the untreated diabetic controls. The 

increase in Vitamin A concentration in the liver was directly related to the duration of the 

diabetic state. The fact that the plasma vitamin A levels were reduced in the untreated diabetic 

animals despite the elevation in hepatic stores suggested impairment in the mobilization of 

Vitamin A from the liver into the bloodstream. 

 

CONCLUSION  

This study determined the effects of 3-[2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-

pyrazol-4-yl)hydrazinylidene]-1-phenylbutanedione(HL),  and its Fe(III), Co(II), Cu(II) and  

Ni(II) complexes in diabetic rats. It showed that Fe(III), Co(II), and Cu(II) complexes were 

toxic and the ligand HL and Ni(II) complex were nontoxic and as such were used in treatments 

of diabetic rats. Treatments with HL and its Ni(II) complex normalized the glucose 

concentrations of alloxan-induced diabetic rats without impairments on their vitamins and 

serum electrolytes concentrations associated with diabetes mellitus. However, 3-[2-(1,5-

dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)hydrazinylidene]-1-

phenylbutanedione(HL),  and its Ni(II) complex: [Ni(HL)2]Cl2 have potency for diabetes 

mellitus and could help to maintain vitamins and serum electrolytes levels in diabetic rats. 
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Therefore, this study showed that HL and [Ni(HL)2]Cl2 protected the serum electrolytes and 

vitamin contents in  blood against impairment due to diabetes  even at low and higher dosages 

of the compounds. 
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