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INTRODUCTION

When β cells of pancreatic islets, which normally 
produce insulin, are unable to produce and/or release 
adequate insulin to overcome peripheral insulin 
resistance, TD2M accurse. Decreasing insulin secretion 
and its sensitivity (insulin resistance) have significant 
accountability for the disease pathogenesis, although, the 

trend for insulin resistance may not always be detected 
(Zhao et al., 2017). Experimental diabetes mellitus can be 
vastly induced in animals by several different methods. 
Noshahr et al., 2020 induced diabetes type two in animals 
by administering an appropriate dose of nicotinamide 
(NIC) before STZ administration. In this method, NIC 
wields an incomplete form of protection against the 
detrimental cytotoxic effects of STZ (Noshahr et al., 
2020). NIC, a form of vitamin B3, is water-soluble and 
known as a poly-ADP-ribose synthesis inhibitor, showing 
a protective effect on β-cells. Such protection against 
STZ-induced destruction of β-cells can be railed by two 
substantial mechanisms, such as inhibiting PARP-1 and 
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elevating the concentration of NAD+ (Lenzen, 2017). 
This in turn can enrich energy status and demonstrates 
protective antioxidant effects. The process then leads to 
metabolic improvement via inhibition of mass apoptosis 
of β-cell by partially reversing the inhibition of insulin 
secretions to arrest or halt the complete aggravation of 
β-cells damage following the dispensation of STZ dose 
(Shima, Zhu, Kuwajima, 1998).

T2DM is associated with various liver disorders, 
including fatty liver disease, elevated liver enzymes 
cirrhosis, hepatocellular carcinoma, and acute liver 
failure. Measurements of the activity of serum aspartate 
transaminase (AST), alanine transaminase (ALT) and 
alkaline phosphatase (ALP) are considered the most 
sensitive tests are contributing to the diagnosis of 
organs damage, including kidney and liver. An increase 
in the serum AST, ALT, or ALP activity of STZ-
induced diabetic mice is an indicator of liver and kidney 
destruction, probably due to lipid peroxidation leading 
to free radical production (Kim, 2014). 

Free radical production and inflammation enhance 
oxidative stress and play a basic role in the pathogenesis 
and progression of diabetic disease (Kakkar et al., 
1995). In such conditions, antioxidants inhibit oxidation 
of biomolecules by shielding effects and accordingly 
boost the immune system against detrimental effects of 
ROS (Lobo et al., 2010). 

Antioxidants are overall hydrogen or electron donors 
to the reactive site for neutralizing free radicals (Kumar, 
Padmini, Ponnuvel, 2017). The radical scavenging activity 
of organic compounds is assessed using 2, 2-diphenyl-1-
picrylhydrazyl (DPPH), hydrogen peroxide, superoxide 
anion radical, and ABTS+. It is reported that a broad 
range of organic molecules acts as potent antioxidants; 
therefore, it is important to understand the mechanisms of 
action and efficiency of such antioxidants. Large numbers 
of natural and synthetic antioxidants are identified, 
and their antioxidant capacity has been assessed by 
different methods, such as the DPPH radicals scavenging 
assay (Kumar, Padmini, Ponnuvel, 2017). 

Numerous strategies and medications have been found 
in order to prevent diabetes; however, the management of 
this disorder has remained profoundly unsuccessful. Among 
available treatments, hypoglycemic agents, phenformin, 

troglitazone, rosiglitazone and repaglinide can control 
hyperglycemia, but some undesirable adverse-effects are 
reported with such drugs (Gupta, 2010). 

Schiff-base compounds are of those candidates, which 
have drawn researchers’ attention in recent years due to their 
synthetic flexibility, relative easiness of preparation and 
outstanding biological activities (Ndagi, Mhlongo, Soliman, 
2017). Schiff bases are an important class of compounds 
containing azomethine or imine (−C═N−) moiety. This 
pharmacophore is utilized to design and develop various 
medicinally important molecules and emerging drugs. 
In many reports, a high pharmaceutical value of the 
azomethine group is associated with the presence of an 
electron lone pair in the nitrogen atom (Anitha et al., 2013; 
Sirajuddin et al., 2012; Sahiba et al., 2020). 

Various Schiff base-containing derivatives have 
been reported as potential antidiabetic agents, including, 
pioglitazone (Afzal et al., 2021), metformin hydrochloride 
and (ortho) para-nitrobenzaldehyde (Al-Qadsy et al., 
2020), Salicylaldehyde and beta-alanine (Vančo et al., 
2008), chromium (III) complexes of metformin Schiff 
-bases (Mahmoud et al., 2016) and Vanadyl Schiff-
base Complexes (Torabi, Mohammadi, Shirvani, 2018). 
In addition, it is noted that bromine (Lin, Liu, 2012; 
Niizato, Shiotani, Shoji, 2002) and chlorine (EL-Hashash, 
Kadhim, Rizk, 2015; Mahmoud et al., 2016; Shukla et al., 
2019) substituted complex of chemical drugs can exhibit 
excellent effects against diabetes by lowering the glucose 
level in the body. 

In the current pilot work, anti-diabetic activity CNCP 
and CNBP, two dibromide and dichloride substitutes of 
the same Schiff base, were analyzed in the rodent model 
by evaluating the liver and kidney enzymes activities and 
blood insulin level. The two compounds showed potent 
antioxidant and antidiabetic potentials.

MATERIAL AND METHODS

Material

All the necessary chemicals for the syntheses were 
purchased from Merck and Sigma-Aldrich chemical 
companies. SD rats were obtained from the Animal 
Experimental Unit (AEU), Faculty of Medicine, 
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Purification and structural elucidation of compounds 
by NMR

The structures and purity of both compounds were 
confirmed by spectroscopic methods, 1H and 13C NMR.

1H NMR of the chemical structure of 2, 
2-[1,2-cyclohexanediylbis (nitriloethylidyne)] bis(4-

chlorophenol) (CNCP) shows two doublet signals of 
four aromatic protons at about δ 7.34 and δ 6.79 ppm as 
well as a double doublet signal of two aromatic protons 
at about 7.16 ppm. The protons for two groups of CH-N 
show double triplet to multiple signals at about 3.85 ppm. 
The protons of the CH3 groups appear as a singlet signal 

FIGURE 1 - Synthesis of CNBP (a) and CNCP(b).

2-cyclohexanediylbis(nit r iloethylidyne)]bis(4-
bromophenol) (CNBP) were prepared through the 
following protocol (Yaul et al., 2013). First, a solution 
of trans-1,2-diaminocyclohexane (3.0 g, 26.27 mmol 
for CNCP and 2.5 g, 21.9 mmol for CNBP) in methanol 
(80 ml for CNCP and 70 ml for CNBP) was reacted 
with 5-chloro-2-hydroxyacetophenone (8.96 g, 52.54 
mmol) under reflux condition for 6 hours. After cooling 
to ambient temperature, two separate yellowish solid 
crystals. Then, the two compounds were formed, filtered, 
washed with methanol, and dried over phosphorus 
pentoxide. Finally, they were recrystallized from ethanol 
to yield CNCP (8.82 g, 80%) m.p. 228–230 °C.I and 
CNBP (8.45 g, 76%), m.p. 220–222 °C (Figure 1).

University of Malaya. Paraffin tissue processing 
equipment, ketamine and xylazine for anaesthetizing 
the animals and tween 20 were purchased from Sigma-
Aldrich, Germany. Omeprazole was obtained from 
TROGE Medical GMBH, Germany. Sucrose, magnesium 
chloride and alcian blue, MTT reagent, thiazolyl blue 
and tetrazolium bromide were all purchased from USB 
Affymetrix.

Synthesis and characterization of CNCP

The Schiff bases derivatives, entitled; 2,​
2’-​[​-​1,​2-​cyclohexanediylbis(n​it r iloethylidyne)​
] ​bis(4 - ​chlorophenol) (CNCP) and 2,  2′-[1, 
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at 2.25 ppm. While the rest protons of the cyclohexane 
ring show triplet to multiple signals at about 1.9, 1.67 and 
1.48 ppm, respectively.

13C NMR spectra show the signals of the two 
C=N at about δ 170.17 ppm. The spectra also show 
the presence of the two carbons signals attached to 
hydroxyl groups at 162.28 ppm. The tertiary carbons 
of the aromatic rings appear at about 132.40, 127.90 
and 120.09. Whereas, quaternary carbon, CAr-Cl and 
CAr-CN, at 121.84 and 119.9 ppm respectively. The 
CH-N carbons were found δ 63.27. The positions of 
cyclohexane carbons methylene at δ 32.32 and 24.19 
and methyl carbons were located around δ 14.55 ppm. 
13C NMR is used to assign the carbon skeleton, 
applying the PENDANT (Polarization Enhancement 
Nurtured during Attached Nucleus Testing) experiment 
to distinguish carbons attached to varying numbers 
of H. In PENDANT spectra, carbons attached to odd 
numbers of protons (methyl, CH3; methine, CH) appear 
as negative signals, whereas those attached to even 
numbers of protons (methylene, CH2; quaternary, C) 
appear as positive signals. 

1H NMR of the chemical  st r uctu re of 
2,2-[1,2-cyclohexanediylbis (nitriloethylidyne)]bis(4-
bromophenol) (CNBP) shows two doublet signals of four 
aromatic protons at about δ 7.34 and δ 6.79 ppm as well as 
a double doublet signal of two aromatic protons at about 
7.16 ppm. The protons for two groups of CH-N show double 
triplet to multiple signals at about 3.85 ppm. The protons 
of the CH3 groups appear as singlet signal at 2.25 ppm. 
While the rest protons of cyclohexane ring show triplet to 
multiple signals at about 1.9, 1.67 and 1.48 ppm respectively

13C NMR spectra show the signals of the two C=N 
at about δ 170.17 ppm. The spectra also show the presence 
of the two carbons signals attached to hydroxyl groups at 
162.83 ppm. The tertiary carbons of the aromatic rings 
appear at about 135.24, 130.87 and 120.82. Whereas 
quaternary carbon, CAr-Br and CAr-CN, at 120.62 and 
108.79 ppm, respectively. The CH-N carbons were found 
δ 63.21. The positions of cyclohexane carbons methylene 
at δ 32.33 and 24.19 and methyl carbons were located 
around δ 14.57 ppm.

The compounds are characterized by the following 
data: 

CNCP (8.82  g, 80%), m.p. 228–230°C. IR 
[KBr]: 3500  cm−1  (OH), 3010  cm−1  (CHaromatic), 
2937, 2861  cm−1  (CHaliphatic), 1609  cm−1  (C=N), 
1565 cm−1(C=C), 1256 cm−1 (C-N). 1H NMR (400 MHz, 
CDCl3): δ 7.34 (d, 2H, 3J = 2.6 Hz, 2× Ar-H), 7.16 (dd, 
2H, 3J = 8.8 Hz, 2× Ar-H), 6.79 (d, 2H, 3J = 8.8 Hz, 2× 
Ar-H), 3.85 (dt~mc, 2H, 2× CH-N), 2.25 (s, 6H, 2× 
CH3), 1.9 (t, 4H, 3J = 9.5 Hz, 2× CH2-CH), 1.67 (p~mc, 
2H, CH2), 1.48 (p~mc, 2H, CH2).

13C NMR (100 MHz, 
CDCl3): δ 170.17 2× (C=N), 162.28 2× (Ar-OH), 132.40, 
127.90 2× (CHAr) 121.84 2× (Ar-Cl), 120.09 2× (CHAr), 
119.9 2× (CAr-CN), 63.27 2× (CH-N), 32.32, 24.19 2× 
(CH2CH2), 14.55 2× (CH3).

CNBP (8.45 g, 76%), m.p. 220–222 °C. IR 
[KBr]: 3500 cm− 1  (OH), 3020 cm− 1  (CHaromatic), 
2940, 2860 cm− 1  (CHaliphatic), 1605 cm− 1  (C=N), 
1560 cm− 1(C=C), 1256 cm− 1(C-N); 1H NMR (400 MHz, 
CDCl3): δ 7.60/(7.48) (d, 2H, 3J = 2.4 Hz, 2x Ar-H), 
7.30/(7.29) (dd, 2H, 3J = 8.9 Hz, 2x Ar-H), 6.77/(6.75) 
(d, 2H, 3J = 8.9 Hz, 2x Ar-H), 4.60/(3.85) (mc, 2H, 2x 
CH-N), 2.32/(2.25) (s, 6H, 2x CH3), 1.9 (t~mc, 4H, 2x 
CH2-CH), 1.79–1.57 (mc, 2H, CH2), 1.48 (p~mc, 2H, 
CH2).13C NMR (100 MHz, CDCl3): δ 170.16 (169.95) 
2x (C=N), (163.01) 162.83 2x (Ar-OH), 135.24 (135.16), 
130.87 (130.70) 2x (CHAr) 120.82 (120.78) 2x (CAr-CN) 
120.62 (120.51) 2x (CHAr), 108.79 (108.57) 2x (Ar-Br), 
63.21 (59.61) 2x (CH-N), 32.33 (29.81), 24.19 (22.29) 
2x (CH2CH2), 14.57 (14.52) 2x (CH3).

Based on the above information, elemental analysis 
(%C, %H, %O, etc.) of our compounds, in comparison 
with the net weight of the compounds, show that CNCP 
and CNBP were 80% and 76% pure, respectively. 

Antioxidant study

The scavenging activity of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Merck, Darmstadt, Germany) 
radicals by both compounds was tested, and their 
cytotoxicity effects were completely evaluated. The 
results are available from our previous studies (Saremi 
et al., 2019; 2020).
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In vitro assays

Acute toxicity and experimental design

The results of acute toxicity of CNBP and CNCP 
were already published (Saremi et al., 2019; 2020).

In vivo assays

Animal procedure

Forty-two healthy male SD rats (6–8 weeks 
old, 200–250 g) were purchased from the Animal 
Experimental Unit, Faculty of Medicine of the 
University of Malaya. The mice were then housed 
in plastic cages in a department laboratory with a 
standardized environment with a temperate of 23 ± 
2 °C and a routine dark cycle (12 h light/ 12 h). The 
animals were left to have water, libitum and standard 
chow pellets while they also were acclimatized to the 
condition, which caused them to be observed 1 day 
before the experiments. The experimental processes, 
including the protocols in this study, were approved by 
the Ethics Committee of the Research Centre and in 
accordance with the recommendations of the University 
of Malaya; Council on Animal Care Guidelines for the 
proper care and use of laboratory animals (Ethic no. 
2015-09-11/BMS/R/MAA).

Type 2 diabetes induction 

Injection of STZ was used to induce diabetes in the 
animals based on the protocol described and tested by with 
some minor modifications (Masiello et al., 1998). STZ was 
freshly dissolved in 0.05 M citrate buffer (pH 4.5) and was 
injected intraperitoneally (ip) into the overnight-fasted 
healthy male rats with the dose of 60 mg/kg after 15 min 
of ip administration of 210 mg/kg nicotinamide (NA). 
Diabetes induction in the rats was confirmed by finding 
out if there was elevated glucose level, measured using 
a glucometer from one drop of blood taken from the tail 
vein of each animal post 48 hours of the injection. The 
fasting rats with a blood glucose reading of > 200 mg/
dl were speculated to be diabetic animals (Bedia et al., 

2006). The compounds to be examined were administered 
orally to the animals for 45 days daily. The blood glucose 
level and body weight were measured weekly, and food 
and water intake were recorded regularly.

Grouping and treatments 

The rats were assembled into seven groups (each 
group had six animals) and orally gavaged with relative 
drugs for 45 days, viz: 

G1: Healthy control rats (vehicle, fed with 10% tween 20)
G2: Untreated control rats (fed with 10% tween 20) 
G3: Untreated control reference rats (fed with 
glibenclamide (600 µg/kg) 
G4: Diabetic rats 1 (treated with CNCP (10 mg/kg, LD)) 
G5: Diabetic rats 2 (treated with CNCP (20 mg/kg, HD)) 
G6: Diabetic rats 3 (treated with CNBP (10 mg/kg, LD)) 
G7: Diabetic rats 4 (treated with CNBP (20 mg/kg, HD))

Biochemistry parameters examination

After completely clotted, the blood samples were 
separated by centrifugation at 2500 rpm for 15 min. Then, 
the blood serum was assessed spectrophotometrically 
using an automated, standardized technique based on 
the procedure described in the laboratory manual of the 
Central Diagnostic Laboratory, University of Malaya 
Medical Centre, for evaluating liver function and lipid 
profile.

Fasting blood glucose measurement 

At days 1, 7, 15 and 45, fasting blood glucose 
concentrations were determined using an Accu-check 
Advantage II Glucometer and compatible blood glucose 
test strips. The percentage of variation of glycaemia was 
calculated based on the formula below, where x was 
considered separately for days 7, 15 or 45 (Küçükgüzel 
et al., 2005).
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Body weight changes measurement 

A digital weight scale measured the rats’ body weight 
(grams) before and after the experiments. The body weight 
changes were calculated via the following formula;

Measurement of insulin 

The assay to measure insulin level was based on 
the sandwiched ELISA principle using a commercially 
available ELISA assay kit (Rat Insulin ELISA kit). 
Different serials concentrations (0.2, 0.5, 1, 2, 5, 10 ng/
ml) of rat insulin standards, control and samples at an 
equal volume of 10 µl were added into each well. First, 
an 80 µl detecting antibody was added to each well, and 
then the plate was incubated at an ambient temperature 
for 2 hours on a microtiter plate shaker with a speed of 
400-500 rpm. After incubation, the solution was aspirated 
from the wells, and any residuals were removed by gently 
tapping and then rinsed with the prepared washing buffer. 
Next, 100 µl of enzyme solution was added to every 
well, followed by a half-hour incubation period at room 
temperature on a microtiter plate shaker with moderate 
shaking. Next, a buffer was used to wash the coated 
wells, and then a 100 µl of substrate solution was added 
to each well, followed by shaking on a microtiter plate 
shaker for 15 min. After adding 100 µl stop solutions, 
the blue colour observed in the standard wells changed 
to yellow at this stage. The absorbance was read at 450 
nm within 5 min.

Histological study of diabetic tissues

Routine Hematoxylin and Eosin staining

The kidney, liver and pancreas tissue samples were 
fixed in 10% buffered formalin, then administered in 
a paraffin tissue-processing device, followed by being 
embedded in paraffin blocks. The pieces (5μm) were 
stained by Hematoxylin and Eosin (H&E), considered 

standard staining to assess tissue architecture. The 
stained samples were used for microscopic analysis 
(Rollas, Gulerman, Erdeniz, 2002).

Statistical analysis

All data are accessible as mean ± SEM. Differences 
among the experimental groups were determined by 
one-way ANOVA followed by Tukey’s post-hoc test for 
multiple comparisons using SPSS version 24. Values of 
∗p< 0.05 were considered significant.

RESULTS 

Antioxidant activity and cytotoxicity effects

The results of cytotoxicity evaluations of both 
CNCP and CNBP were published in our previous 
articles (Saremi et al., 2019, 2020). It was shown that the 
both compounds could improve proliferation of dermal 
fibroblast cells and had no cytotoxicity effects. The 
maximum concentrations for drastic enhancement of the 
cell proliferation were detected at 6.2 to 12.5 µg/ml for 
CNCP. Also, for CNBP, the threshold concentrations for 
significant increase of cell proliferation was detected as 
12.5 to 25 µg/ml. Also, in the articles, it was showed that 
CNBP and CNCP with IC50 of 30.86 and 29.00 µg/ml 
respectively, could showed acceptable DPPH scavenging 
activities in comparison with ascorbic acid (standard) 
with an IC50 of 8.84 µg/ml. It was demonstrated that 
CNCP was more active to scavenge the DPPH radicals 
than CNBP.

Acute toxicity study

The effects of acute toxicity study of CNBP and 
CNCP were already published. (Saremi et al., 2019, 
2020). In the treated groups, no mortality and definite 
sign of toxicity in the CNCP and CNBP- treated animals 
was detected when comparing with the control group 
(vehicle). The histological study confirmed no evidence 
of acute toxicity of the both compounds on liver and 
kidney in all the studied groups.
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TABLE I - Effect of CNCP, CNBP, and glibenclamide on biochemical parameters in liver function and lipid profile of normal 
and STZ-NA-induced diabetic rats after 45 days of treatment

Assay Healthy 
Control

Diabetic 
Animal Glibenclamide CNCP 

(LD) CNCP (HD) CNBP 
(LD)

CNBP 
(HD)

Total protein (g/dL) 8.20 ± 2.66 5.20 ± 1.46 7.10 ± 2.07* 6.60 ± 2.29* 6.20 ± 2.02* 5.90 ± 1.00* 6.50 ± 1.20*

Albumin (g/dL) 5.40 ± 1.76 3.20 ± 2.56 4.80 ± 1.25* 4.60 ± 2.70* 3.76 ± 1.90* 4.37 ± 0.33* 4.67 ± 0.56*

Liver function

ALP (IU/L) 69.60 ± 2.99 110.40 ± 2.10 66.60 ± 2.86* 72.20 ± 2.13* 78.80 ± 2.91* 79.33 ± 2.18* 73.67 ± 2.06*

AST (IU/L) 55.00 ± 2.23 92.60 ± 2.72 61.00 ± 2.95* 67.60 ± 2.34* 79.60 ± 2.86* 82.33 ± 2.09* 68.67 ± 2.05*

ALT (IU/L) 46.80 ± 2.68 77.40 ± 2.05 52.80 ± 2.34* 60.40 ± 2.82* 67.80 ± 2.90* 66.00 ± 2.24* 62.00 ± 2.16*

Lipid profile

Triglyceride (mmol/L) 1.56± 0.10 2.65 ± 0.15 1.59± 0.07* 1.62 ± 0.17* 1.96± 0.31* 1.84± 0.15* 1.64± 0.24*

Total cholesterol (mmol/L) 2.36± 0.17 3.23 ± 0.15 2.57± 0.17* 2.48 ± 0.38* 2.64± 0.12* 2.60± 0.10* 2.43± 0.48*

HDL Cholesterol (mmol/L) 1.88± 0.12 1.00 ± 0.20 1.73± 0.03* 1.52 ± 0.05* 1.42± 0.15* 1.46± 0.6* 1.51± 0.9*

LDL Cholesterol (mmol/L) 0.23± 0.11 0.61± 0.10 0.26± 0.13* 0.29 ± 0.34* 0.32± 0.17* 0.31± 0.15* 0.29± 0.27*

All values are presented as mean ± standard error mean, compared to untreated control (n = 6). *P<0.05 is considered as 
significant. ALP = alkaline phosphatase; ALT = alanine aminotransaminase; AST = aspartate aminotransaminase.

IU/L= international unit per liter

Biochemistry analysis 

As listed in Table I, total protein and albumin levels 
in the untreated control group were significantly declined 
when compared to the healthy control group. Both CNCP 
(low dose, LD) and CNBP (high dose, HD) increased 
total protein amounts as well as albumin levels. CNCP 
(LD) showed highest increase in the total protein amount 
and in the albumin levels versus the untreated controlled 
animals. Table I lists the values which are associated with 
the effect of both CNCP and CNBP (LD and HD) on 
AST, ALT, and ALP activity in the serum of the normal, 
treated, and untreated diabetic rats. As observed, the 
enzymes activities in the serum of untreated diabetic 
rats were significantly increased; while AST, ALT, and 
ALP activity in the serum of CNCP (LD) and CNBP 
(HD)-treated animals showed noticeable decrease in 6 
weeks of post treatment therapy.

Effect of CNCP and CNBP at both low doses 
(LD=10 mg/kg) and high dose (HD=20 mg/k) as well as 
glibenclamide, total cholesterol, and high density lipoprotein 
(HDL) and low density lipoprotein (LDL) cholesterol level 
in the treated, untreated diabetic normal, and also control 
rats is listed in Table I. The serum triglyceride, total 
cholesterol, and LDL cholesterol levels in the untreated 
diabetic rats were remarkably increased when compared to 
those of the healthy control rats; however, HDL cholesterol 
level in the untreated diabetic rats showed totally reversed 
effects. The serum triglyceride, total cholesterol, and LDL 
cholesterol levels were significantly reduced by treatment 
with either glibenclamide or CNCP (LD) and CNBP (HD), 
while, HDL cholesterol level were increased compared to 
that of the untreated diabetic rats after 6-week treatment 
period. Evidently, it is postulated that continuous treatment 
with the both compounds could help decrease the lipid 
parameters in diabetic rats.
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FIGURE 2 - Fasting blood glucose levels in STZ-NA-induced diabetic and control rats for 45 days. All values are recorded as 
Mean ± SEM (n=6).

TABLE II - Percentage of variation of glycaemia ± SEM. (mg/dl)

Test samples Dose Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 Day 45

Healthy Control _ 0 ± 0.0 0.89 ± 2.06 -3.38 ± 4.38 -3.70 ± 6.20 -4.63 ± 7.44 1.42 ± 9.24 8.54 ± 11.27

Untreated control _ 0 ± 0.0 0.43 ± 2.00 6.95 ± 4.76 11.80 ± 6.81 11.31 ± 7.95 11.58 ± 9.22 10.34 ± 10.26

Glibenclamide 600 (µg/kg) 0 ± 0.0 -9.58 ± 2.49 -18.74 ± 4.88 -23.50 ± 6.63 -27.79 ± 8.26 -34.94 ± 10.12 -41.13 ± 12.14

CNCP (LD) 10 (mg/kg) 0 ± 0.0 -2.00 ± 2.06 -7.31 ± 4.14 -14.96 ± 6.45 -23.07 ± 8.67 -26.73 ± 10.64 -31.28 ± 12.80

CNCP (HD) 20 (mg/kg) 0 ± 0.0 -1.58 ± 2.34 -3.11 ± 4.25 -5.08 ± 6.02 -9.87 ± 7.86 -17.32 ± 10.23 -20.37 ± 12.63

Physiological parameters of animals 

In Figure 2, the level of blood glucose in the 
treated group is assessed against those in the untreated 
control group. The untreated control group showed 
higher glucose levels in comparison to the healthy 
control group. Regarding to percentage decrease 
of blood glucose level following each treatment at 
different doses (day 45), (CNCP (LD), CNBP (HD)) 
and glibenclamide decreased glucose level (Figure 2). 
It is noticed that blood glucose levels in the diabetic rats 

was significantly decreased after treating with CNCP 
(LD), CNBP (HD) as well as glibenclamide from day 
21 to 45. However, the doses of the both compounds 
produced significant reduction in the blood glucose 
level post day 21 and showed highest lessening rate at 
day 45 in comparison with the untreated control group. 
The highest percentage of variation of glycaemia is 
seen at day 45, which belonged to CNCP (LD, -31.28 
± 12.80) (Table II). Therefore, the findings confirmed 
that both compounds (CNCP and CNBP) decreased 
blood glucose levels in the diabetic rats.

RobertaAccurso
Carimbo
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FIGURE 3 - Body weight changes of STZ-NA-induced diabetic and control rats for 45 days. All values are recorded as Mean ± 
SEM (n=6).

Body weight changes 

The diabetic rats t reated with different 
concentrations of low dose of CNCP (LD, 10 mg/kg) 
and high dose of CNBP (HD, 20 mg/kg), respectively 
caused an increase in body weight when the weights 
were compared with the untreated diabetic rats. At day 
14, no significant difference was found in body weight 
between the rats treated with both concentrations of 
CNCP and CNBP. However, at day 28, the rats treated 
with CNCP (LD) and CNBP (HD) showed an increase in 
weight gain, compared to diabetic rats. Furthermore, at 

day 45, those rats receiving low doses of CNCP gained 
significant body weight (287.50 ± 13.69 gram) (Figure 
3). Physical appearance of eye colour, the changes after 
feeding the rats with CNCP (LD) and CNBP (HD) at 
45 days, the eye colour of those animals treated as well 
as those animals fed with glibenclamide were found to 
be completely normal when compared to the untreated 
diabetic rats who exhibited white eyes syndrome after 
45 days. Their lenses also showed obvious lesions of 
pigmentary degeneration. Besides that, the untreated 
diabetic rats were detected to have thin and rough fur 
that was followed by obvious fur loss.

TABLE II - Percentage of variation of glycaemia ± SEM. (mg/dl)

Test samples Dose Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 Day 45

CNBP (LD) 10 (mg/kg) 0 ± 0.0 -4.73 ± 2.39 -5.65 ± 4.20 -6.99 ± 5.96 -7.55 ±7.66 -10.38 ± 9.52 -12.90 ± 12.5

CNBP (HD) 20 (mg/kg) 0 ± 0.0 -3.77 ± 1.79 -6.72 ± 3.43 -10.13 ± 5.02 -14.96 ± 6.82 -18.63 ± 8.45 -25.90 ± 10.97

All values are presented as mean ± SEM, compared to untreated control groups (n = 6). ∗p< 0.05 is considered as significant. 
The negative value (−) demonstrated a decrease in glycaemia.
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Histological evaluation 

Histological investigations of liver

As depicted in Figure 5, the tissue sections of 
the liver were stained with hematoxylin and eosin. 
Picture A shows the healthy control group rats showed 
normal hepatic architecture with normal hepatocyte 
morphology, organized hepatic cell (Hc) cords, and 
portal vein (Pv) with sinusoidal cords (S). Picture B 
shows that the untreated control group had manifested 

severe pathological changes, such as disordered hepatic 
cords, focal necrosis, congestion in the portal vein, 
infiltration of lymphocytes, increase of Kupffer cells 
(Kc), and also dilated sinusoids (S). Picture C shows the 
glibenclamide in the reference group showed positive 
effect on diabetic rats’ pathological changes. Picture D 
shows that in the CNCP (LD) treated group, the hepatic 
architecture of liver was similar to that of the normal 
hepatic architecture and was characterized by normal 
central vein and hepatocytes with no fatty changes 
and containing mild RBC infiltration. Picture E and F 

FIGURE 4 - Effects of CNCP and CNBP on serum insulin level of STZ-NA diabetic rats in comparison with untreated control 
rats after 45 days treatment. Data are presented as means ± SEM (n = 6). Significant difference compared to untreated control 
(*p< 0.05).

Measurement of insulin 

Figure 4 illustrates the effects of CNCP and CNBP 
on insulin serum level of STZ-NA diabetic and normal 
rats. Serum insulin readings in the untreated control 
group significantly declined when compared to the 
healthy control group after 45 days’ treatment (Figure 
4). The treated rats with CNCP (LD) and CNBP (HD) 

fed groups showed high increase of the serum insulin 
level when compared to the untreated control group. 
In addition, the highest increase of the serum insulin 
belongs to the CNCP (LD, 28.98 ± 1.52) fed groups when 
compared to the untreated control group (6.56 ± 1.31). 
The findings suggested that there was an observation of 
improvements in glycemic control by CNCP (LD) and 
CNBP (HD) in the diabetic rats.
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Histological investigations of kidney

Figure 6 indicates rat kidney sections stained 
with haematoxylin and eosin. As shown in picture A, 
healthy control rat kidneys showed normal glomerulus, 
which was surrounded by Bowman’s capsule, distal 
convoluted tubules and proximal with no inflammatory 
changes. In addition, normal capillaries (CP), and normal 
podocytes (Pc) were observed in kidney sections of the 
control group. On the contrary, picture B depicts that 
kidney sections of the untreated control rats contained 

degenerated glomeruli which was infiltrated by 
inflammatory cells and basement membrane thickness. 
The proximal convoluted tubule showed edematous 
changes with deposition of mucopolysaccharide and 
hyaline substances. Furthermore, it contained severe 
pathological damages including mesangial expansion and 
glomerular hypertrophy, which could cause loading of the 
Bowman’s capsule space and adhesion of capillaries to 
the wall. Picture C shows that glibenclamide (reference 
group) showed positive effect on diabetic rats’ pathological 
changes. As shown in picture D and G, CNCP (LD) 

FIGURE 5 - H & E staining of liver tissues of SD rats (n=6). (A) Normal, (B) Diabetic, (C) Reference control (Glibenclamide), 
(D) CNCP, (E) CNCP, (F) CNBP and (G) CNBP. Normal hepatic architecture. B shows that untreated control resulted in severe 
pathological changes, such as increase in Kuppfer cells (Kc), and dilation sinusoids (S). D shows highest effect obtained by 
CNCP treatment on the liver of diabetic rat. Hepatic architecture was similar to the normal architecture (C). Scale bar: 100 µm. 
Abbreviations: Hepatic cell (Hc), Portal vein (Pv), Central vein (Cv).

clearly illustrated CNCP (HD) and CNBP (LD) caused 
sinusoid remained dilated with RBC and central vein 
in an orderly manner in the liver of the diabetic rats. 

Finally, picture G demonstrates that CNBP (HD) caused 
a small amount of inflammatory cell infiltration on 
diabetic rat liver.
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Staining results of the rat’s pancreas sections with 
hematoxylin and eosin are shown in Figure 7. In picture 
A, the healthy control group’s pancreatic section shows 
normal islets of Langerhans, normal pancreatic structure, 
and normal tissues. Picture B shows disorganization of 
structure of the endocrine and exocrine cells with some 
damages, necrotic pancreatic acini and islet shrinkage. As 
shown in picture C, the reference control group exhibits 

the most interesting aspect of examined pancreatic 
sections, which shows normal islets of Langerhans. In 
picture D and G, effect of CNCP (LD) and CNBP (HD) 
on diabetic rat’s liver demonstrated that these factors 
could much better promote cell survival and provide a 
much healthier structure. Effects of the CNCP (HD) and 
CNBP (LD) on the diabetic rat pancreas (picture E and 
F) display moderate restoration of the pancreatic cells. 

FIGURE 6 - H & E staining of kidney tissues of SD rats (n=6). A) Normal (B) Diabetic (C) Reference control (Glibenclamide), (D) 
CNCP and (E) CNCP, (F) CNBP and (G) CNBP. In diabetic rats (B), there is a significant damage to the glomeruli (hypertrophy, 
hypercellularity, tubules dilatation and atrophy) compared to the healthy control(A). Treatment of CNCP (10 mg/ml) and CNBP 
(20 mg/ml) attenuated the kidney alteration (D and G) in diabetic rats, which are comparable with the reference control (C) 
on the STZ-NA-induced pathological changes. Scale bar: 100 µm. Abbreviations: Bowman’s capsule (Bc), Podocytes (Pc), 
Capillaries (CP), Glomerular hypertrophy (Gh).

and CNBP (HD) showed no clear histopathological 
abnormalities or decreased expansion of glomerular and 
mesangial matrix in the renal sections. Both pictures E 

and F show the effect of CNCP (HD) and CNBP (LD) 
on diabetic rat’s kidney, which verified the moderate 
changes of the kidney tissue. 
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DISCUSSIONS 

In the current pilot study, CNCP at lower dose (LD) 
showed highest activity to reduce hyperglycaemia after 
six weeks of treatment in comparison with CNCP (HD) 
and CNBP (HD and LD). Moreover, both compounds 
showed beneficial pharmacological effect on diabetic, 
liver functional tests and lipids profile.

Concerning normalized serum lipids profile, CNCP 
(LD) was shown to boost the levels of the enzymes 
markers (AST, ALT, and ALP) back to the normal value. 
This result suggests that CNCP (LD) could be beneficial 
compound in preventing hepatocellular damage and 
tissue necrosis via suppression of gluconeogenesis; 
while, the other compounds showed sufficient activity 
but at lower levels. Antioxidant properties in both Schiff 

base compounds might also help restore liver damages 
(Asadi-Samani et al., 2015). Also, CNCP and CNBP 
(Saremi et al., 2019) showed acceptable antioxidant 
activity, but CNCP with lower IC50 than CNBP was 
found to be more potent. Due to higher antioxidant 
activity of CNCP rather than CNBP, the difference 
between lowering enzyme activates between these 
compounds could be reasonable. 

It is well known that hyperlipidemia is a typical 
feature during hyperglycemia in diabetes. As shown in 
the current study, total cholesterol and LDL cholesterol 
levels increased significantly in serum of the untreated 
control animals; whereas the level of HDL cholesterol 
was found to be decreased. In contrast, it was found 
that successive administration of CNCP (LD) could 
reduce total and LDL cholesterol levels and increase 

FIGURE 7 - H & E staining of pancreas tissues of SD rats (n=6). A) Normal, (B) Diabetic, (C) Reference control (Glibenclamide), 
(D) CNCP and (E) CNCP, (F) CNBP (10 mg/kg) and (G) CNBP (20 mg/kg). In picture (A), healthy controlpancreatic section 
showed normal islets of Langerhans. B shows a disorganisation of the pancreatic structure. C shows normal islets of Langerhans. 
D: the effect of CNCP (10 mg/kg) on diabetic rat’s pancreas demonstrates that these factors better promoted the cells and 
provides a more healthy structure and shows a prominent hyperplastic islet and improved islet morphology. Scale bar: 100 µm.
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HDL cholesterol, which could suggest that CNCP (LD) 
possessed noticeable hypolipidemic effect. During 
oxidative stress, ROS cause to oxidation unsaturated 
lipids existing in external layer of LDL or in lipid 
bilayer of bio membrane, leading to accumulating 
secondary products of free radical oxidation, namely, 
malondialdehyde (MDA) (Kumskova et al., 2014). Schiff 
bases with high antioxidant activity are able to decrease 
LDL level and reversely increase HDL in blood by 
suppressing free radicals (Mabuza et al., 2019, Torabi, 
Mohammadi, Shirvani, 2018, Sykuła et al., 2018). Hence, 
it can be suggested that hypolipidemic effect of CNCP 
(LD) could be associated with higher antioxidant activity 
when compared with CNBP (Kumskova et al., 2014).

It is suggested that both CNCP (LD) and CNBP 
(HD) could decrease the elevated blood glucose level in 
untreated control group and helped the glucose levels 
turned back to the normal range values, but CNCP 
(LD) was found to be more potent than CNBP (HD). 
As the matter of fact, it can be implied that antidiabetic 
effect of the novel Schiff base compounds might exhibit 
an oxidation state dependent effect on blood glucose 
levels; however, the chlorine substituted compound 
having higher antioxidant activity could be more active 
in lowering blood glucose levels. Hyperglycaemia in 
diabetes disease is regarded as the main symptom 
caused by lack of insulin and/or insulin resistance (Ke 
et al., 2009). It is anticipated that the both Schiff bases, 
especially, CNCP (LD) could decrease glucose levels 
in the blood maybe via increasing either regeneration 
of pancreatic islets or increasing insulin release in the 
STZ-NA-induced diabetic rats (Schuit et al., 2001; 
Mabuza et al., 2019).

In the histopathology study, the healthy control 
group showed several pathological changes and were 
listed in the results section. In the diabetic liver, 
unorganized hepatocytes, granular degeneration, micro-
vesicular vacuolization and necrosis were the marked 
changes, which are, detected (Zhou et al., 2008). Efforts 
are made for finding out and trying to decipher the main 
molecular mechanisms, which are responsible for β-cell 
death in diabetes. It is suggested that apoptosis is likely 
as the main cause of such destruction (Thomas, Kay, 
2000). In the current study, severity of hepatic injuries 

in the SD rats is reduced with treatment of CNCP (LD). 
It is demonstrated by the results that the pancreas 
tissues of the diabetic rats could reduce the amount of 
islets, degeneration of β-cells, hydropic degeneration, 
clumping of β-cells, pyknosis, and necrosis, which 
caused changes in cells morphology due to STZ-NA-
induced partial damages in some β-cells which alignes 
with some other studies (Roat et al., 2014). Furthermore, 
islet cells might be restored by CNCP (LD), which 
means that treatment was capable to recover these 
degenerated cells. Unlike CNBP, the administration 
of increased individual dose of CNCP administered to 
diabetic animals showed a comprehensive reversible 
effect. This finding implied that CNCP (10 mg/kg) 
and CNBP (20 mg/kg) treated groups compared to 
the groups treated with the higher dose of CNCP (20 
mg/kg) and CNBP (10 mg/kg) indicated better function 
on the cells. Diabetic nephropathy (DN) is one of 
those key complications connecting with diabetes 
and accompanied with expansion of mesangial cells, 
as hallmark of diabetic rats (Matsubara et al., 2006), 
accumulation of extracellular matrix protein, thickening 
of glomerular and tubular basement membranes, 
tubulointerstitial fibrosis, glomerulosclerosis, renal 
endothelial dysfunction, albuminuria, proteinuria, and 
also reduction in glomerular filtration rate (Balakumar 
et al., 2009). In the current study, the diabetic SD rats 
control group displayed acute swelling of cells, hydropic 
degeneration of tubules, widening of Bowman’s space, 
glomerular atrophy, congestion of capillaries, and 
tubular necrosis. Drastic pathological changes were 
also observed in focal mesangial matrix expansion, 
proteinuria, and significant increase in albuminuria of 
diabetic animals compared to the healthy control group. 
CNCP (LD) could ameliorate meningeal expansion, 
proteinuria, and albuminuria, which confirmed that 
CNCP at 10 mg/kg in comparison with CNBP at both 
doses could be the best and more beneficial treatment 
dose for alleviating histological injuries. However, such 
outcomes still require further delineation to completely 
understand the underlying molecular mechanisms of 
two compounds which helps us to find the reasons 
behind more effectiveness of CNCP (10mg/kg) than 
the other dose and CNCB (LD and HD).
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CONCLUSION

Although CNCP and CNBP at both doses showed 
some antidiabetic effect in STZ-NA-induced diabetic 
rat model, CNCP (LD) could possibly exert the highest 
anti-hyperglycaemic effect. CNCP (LD) was the most 
successful compound compared to CNCP (HD) and both 
doses of CNBP in decreasing insulin level and showed 
higher protective effect on liver, kidney, and pancreatic 
β-cells. These findings propose that CNCP, a chlorine 
substitute Schiff base was an excellent candidate for 
treating diabetic complications. However, bromine 
substitute of the same Schiff base showed acceptable 
antidiabetic effect. In summary, the study shows new 
Schiff base derivatives showed antidiabetic potential, 
which could be associated to their antioxidant activity 
in diabetic rats.
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