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ABSTRACT 
The development of effective, available, safe, and less costly antidiabetic synthetic preparations based on natural 
products is of quite interest. To our knowledge, the flavonoid-based cobalt–quercetin complex was not tested before for 
its antidiabetic activities in vivo. Thus, our aim was to investigate the cobalt-quercetin complex’s (CQC) antidiabetic 
activities compared to the reference drug insulin in diabetic rats. Diabetes was prompted in male rats via one injection 
of streptozotocin (STZ, 50 mg/kg). Daily, diabetic animals were treated with either a dose of CQC or insulin for 15 
days. Water and food intakes, bodyweight changes, total antioxidant capacity (TAC), hemoglobin A1C (HbA1C%), 
nitric oxide (NO), aspartate aminotransferase (AST) and alanine aminotransferase (ALT), albumin, lipid portrait, 
malondialdehyde (MDA), fasting blood glucose (FBG), superoxide dismutase (SOD), uric acid, and creatinine 
levels were assessed. Pancreas and liver tissues were histopathologically examined. STZ-induced insulin-dependent 
diabetes mellitus (IDDM) developed significant elevations in FBG, HbA1C, AST, ALT, NO, creatinine, urea, uric 
acid, and MDA levels, along with significant reductions in albumin, TAC, and SOD levels besides marked lipid profile 
disturbances and tissue histopathological changes. CQC treatment effectively reversed all the studied diabetes-induced 
changes via its strong antioxidant properties. Antidiabetic effects of CQC and insulin were comparable. Additional 
validation studies on the considerable CQC antidiabetic effects are needed.

INTRODUCTION 
Diabetes mellitus (DM) is a chief endocrine disease 

and expanding health issue in almost all countries. It is one of 
the top five illnesses causing early death worldwide. Nearly 171 
million individuals in all countries were diagnosed with diabetes 
in 2000 and by the year 2030, it is expected that 366 million 
people will have the disease (Wild et al., 2004). In Egypt, DM is 
the foremost prominent medical and public health challenge. The 
overall measure of diabetic individuals in Egypt will elevate from 
3.80 million in 2000 to 30 million by the year 2025 (Badran et al., 
1997).

DM is featured with insufficiency of insulin release and/
or action, insulin resistance, and abnormal glucose, lipid, and 
protein pathways. It causes multiple health consequences like 
kidney impairment, vision loss, and leg removal, and may even 
cause early death (Saad et al., 2019a; Shaikh and Shrivastava, 
2014). Although we have a number of oral hypoglycemic 
agents alongside insulin to cure DM, no one introduces perfect 
glycemic adjustment (Shaikh and Shrivastava, 2014). Hence, 
there is a continual demand to explore new efficient antidiabetic 
medications.

In fact, oxidative stress plays a crucial role in many 
pathological processes, such as obesity, cardiovascular diseases 
(Habib et al., 2015), liver diseases (Attallah et al., 2015; Saad 
et al., 2015a; Saad et al., 2017a), renal diseases (Habib et al., 2020; 
Saad et al., 2018a, 2018b), cancer (Saad et al., 2020a, 2020b), 
and diabetes (Saad et al., 2017b). Other research studies have 
confirmed that the advance of diabetic-induced consequences in 
DM is closely linked with the high production of superoxide anion 
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and NO (Abou-seif and Youssef, 2004). Oxygen/nitrogen-reactive 
molecules are produced excessively in DM through oxidative 
breakdown of glucose, enzyme-independent glycation of proteins, 
and oxygen-dependent breakdown of glycated-proteins (Mehta 
et al., 2006). Abnormal excessive levels of reactive species and 
the concomitant drop in internal antioxidant defense lines may 
result in damaged cellular components, high lipid peroxidation 
rate (El-Aassar et al., 2019; Elsayed et al., 2019), and insulin 
resistance (Naggar et al., 2005). These oxidative stress sequels 
may support diabetes consequences advance inspiring a novel and 
innovative strategy to a potential “causal” antioxidant remedies, 
for example, the flavonoids.

Flavonoids (>8,000 are known) are the greatest and most 
significant set of plant polyphenols. They are extensively spread in 
multiple frequently consumed drinks and foodstuff of plant origin 
(Ross and Kasum, 2002). Some examples of dietary flavonoids are 
catechin, epicatechin, quercetin, and rutin in red grapes (Iacopini 
et al., 2008), curcumin in the Indian spice turmeric (Patil et al., 
2017), and quercetin in almost all edible vegetables and fruits 
(Zahran et al., 2019). Accordingly, the development of effective, 
available, safe, and less costly antidiabetic synthetic preparations 
based on flavonoids is of interest. 

Dietary flavonoids are demonstrated to be powerful 
antioxidants; they inhibit the formation of active-oxygen/nitrogen 
radicals and affect the activities of many detoxifying catalytic 
molecules (Zahran et al., 2019). Quercetin (3,3′,4′,5,7pentahydroxy 
flavone), as a member of the dietary flavonoids, has a potent 
antioxidant activity and could significantly participate in body 
protection versus long-lasting illnesses. Quercetin is characterized 
by a broad scope of bioactivities, for example, anti-inflammatory, 
antioxidant, antitumor, immunomodulatory, antiulcer, and 
vasodilator effects (Shoskes and Nickel, 2011). 

Transition metal ions are present in different living 
organisms and are noted to play essential roles in diverse 
enzyme-dependent and functional reactions. They give a hand 
in the starting of the reactive species process through the Fenton 
reaction (Bukhari et al., 2008). An example of this is cobalt, 
which is fundamental and highly required for good body health, 
since it aids in nutrients digestion, conserves the metabolic 
system very potent, and protects the body against bacteria and 
viruses. Pharmacologically, cobalt complexes are worth taking 
into account due to their antibacterial, antifungal, and antitumor 
bioactivities (Chang et al., 2010; Saad et al., 2017c). 

Therefore, the cobalt–quercetin complex (CQC), 
previously synthesized and well characterized by Bukhari et 
al. (2008), was selectively chosen by us for this study for many 
reasons. First, CQC is based on the well-known natural product 
quercetin and one of our body transition elements, cobalt, so high 
safety and compatibility are expected. Second, it is characterized 
by water-solubility, low-cost, and easy CQC preparation. CQC can 
be easily freshly prepared in an aqueous solution whenever needed 
simply by just mixing the solution of two preprepared (quercetin 
and cobalt chloride) working reagents that are commercially 
available at a reasonable price. Third, CQC has in vitro antioxidant 
activity. Finally, and above all, CQC has not been investigated 
before for the current study purpose. All these reasons encouraged 
us to investigate its antidiabetic, hypolipidemic, antioxidant, and 
defensive effects on vital organs (pancreas, liver, and kidney) in 

comparison to insulin (as a reference drug) in induced IDDM rats. 
The effects of CQC administration on healthy normal rats were 
also studied to judge its safety.

MATERIALS AND METHODS

Chemicals, drugs, and kits
Chemical reagents with the highest accessible degree of 

purity were used. Solvents were redistilled by standard methods 
before usage. Quercetin and streptozotocin (STZ) (Sigma, St. 
Louis, MO), CoCl2.6H2O (Riedel-de Haen, Seelze, Germany), 
zinc–insulin suspension (Lente insulin) (Monotard, Novo 
Nordisk, Bagsvaerd, Denmark), creatinine and urea kits (Diamond 
Diagnostics, Holliston, MA), aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) kits (ELITech Clinical 
Systems, Sées, France), albumin kit (STANBIO Company, 
Boerne, TX), uric acid, total cholesterol, high-density lipoprotein 
(HDL)-cholesterol and triglycerides (TG) kits (SPINREACT, 
Santa Coloma, Sant Esteve De Bas, Spain), and MDA, superoxide 
dismutase (SOD), nitric oxide (NO), and total antioxidant capacity 
(TAC) kits (Biodiagnostic Company, Cairo, Egypt) were used. 

In-solution synthesis and elucidation of CQC
Quercetin was recrystallized twice in isopropanol 

and then its purity was checked by getting one spot using thin 
layer chromatography (TLC). CoCl2.6H2O solution 0.1 mM 
was well standardized using complexometry standardized 
method. To prepare CQC, a continuous variation procedure was 
employed to verify the stoichiometric composition of the chelate 
spectrophotometrically, as described by Saad et al. (2017d). The 
absorbance visible peak of quercetin at 372 nm was decreased 
and a novel distinctive peak of the complex was detected at 427 
nm with adding CoCl2.6H2O solution. The absorbance plot at 427 
nm versus the molar fraction of quercetin (X) displayed maximal 
absorbance at XL = 0.33 (Fig. 1), approving that the stoichiometric 
ratio is 2:1. Then, the CQC was prepared by mixing one volume of 
quercetin solution (0.1 mM in absolute ethanol) with two volumes 
of CoCl2.6H2O solution (0.1 mM in bidistilled water). 

Determination of CQC median lethal dose (LD50)
The LD50 was estimated as previously represented in 

Saad et al. (2017e). The CQC solution was administered to four 
groups of Swiss albino rats (four rats/group) at different dosages 
(25, 50, 100, and 150 mg Co2+/kg). LD50 was evaluated by 
recording mortality after 72 hours. LD50 of the complex was 62.5 
mg Co2+/kg and a dose of 42% of the LD50 was selected for animal 
treatment.

Maintenance of animals
Adult male Swiss albino rats weighing 130–165 g bought 

from the Urology and Nephrology Centre, Mansoura University, 
Egypt, were utilized. All animals were housed for about 10 days 
before use in the experiment under a standard environment 
(temperature of 25°C, relative humidity, and a 12/12 hours light/
dark cycle) as stated by the standards defined in the “Guide for the 
Care and Use of Laboratory Animals” designed by the National 
Academy of Sciences and published by the National Institute of 
Health. Standard chow and water ad libitum were permitted. This 



Hassanien et al. / Journal of Applied Pharmaceutical Science 10 (12); 2020: 044-052046

was approved by the Animal House of Biochemistry, Chemistry 
Department, Faculty of Science, Damietta University, Egypt. 

Induction of DM
The rats were fasted for 12 hours and DM was prompted 

via a single intravenous injection of freshly prepared STZ at a dosage 
of 50 mg/kg bodyweight. STZ was dissolved in ice-cold sodium 
citrate buffer (0.1 M, pH 4.5) (Saad et al., 2015b). Normal control 
rats received a corresponding volume of buffer intravenously. Rats 
were permitted to drink glucose (5%) overnight to cope with drug-
induced hypoglycemia. Diabetes was assured after 48 hours of 
STZ administration via estimating fasting blood glucose (FBG) 
levels from tail vein employing commercial glucose strips and a 
glucometer from Boehringer-Mannheim Diagnostics, Mannheim, 
Germany. Only animals with FBG concentration of 250 mg/dl and 
above were regarded as diabetic and were used for the experiment. 
The day on which diabetes had been confirmed was designated as 
day zero.

Experimental design
Animals were divided into five groups (seven rats/group) 

as follows: normal control group involved rats of no treatment; 
normal + CQC group involved normal rats treated with a daily 
oral dose of CQC (42% LD50); diabetic control group involved 
rats which received one dosage of STZ (50 mg/kg, IV); diabetic 
+ insulin group which involved STZ-induced diabetic rats (50 
mg/kg, IV) treated with the standard drug insulin (6 IU/kg, SC) 
once every 48 hours for 15 days; and diabetic + CQC group which 
involved STZ-induced diabetic animals (50 mg/kg, IV) treated 
with a daily oral dose of CQC (42% LD50) through a stomach tube 
for 15 days. 

The food and water intakes of all groups were recorded 
daily, while bodyweights and FBG levels were determined weekly 
throughout the experimental period. 

Samples
On the 16th day and after fasting for 12 hours, all rats 

were sacrificed under diethyl ether anesthesia and blood samples 
were withdrawn via the retroorbital venous plexus. Only 0.1 ml 
of each sample was used for the determination of glycosylated 
hemoglobin A1C (HbA1C). The rest of each whole blood 
sample was settled to coagulate and the serum was separated by 
centrifugation (4°C, 3,000 rpm, 10 minutes) and kept at −20°C till 
utilized for biochemical estimations. 

Biochemical measurements
All measurements of the biochemical parameters were 

carried out according to the kits’ instructions.

Estimation of HbA1C
Separation and identification of HbA1C were done using 

cation exchange chromatographic techniques (Schellekens et al., 
1981). 

Histopathological analysis
The liver and pancreas excised after death were cleaned 

up using NaCl solution and then fixed in formalin (10%) to be used 
for the classical hematoxylin and eosin (H&E) staining system. 
Fixed tissues were implanted in paraffin, cut into 5 µm thick 
segments, and then stained using H&E dye. The stained sections 
of three or more samples were blindly subjected to examination 
and evaluation by an expert pathologist. 

Statistical analysis
The obtained data are introduced as mean ± SD. Student’s 

t-test was employed for analysis between two groups. p < 0.05 was 
designated as significant. All the analyses were achieved using 
InStat Version 3.10 (GraphPad, San Diego, CA).

Figure 1. Continuous variation method. 427 nm is λmax of chelate and X is the mole fraction of quercetin.
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RESULTS

Water and food intakes
Our results showed that, in normal rats treated with 

CQC, a significant rise (p < 0.001 vs. normal control) in water 
consumption was observed from day 5 and continued to the last 
day of treatment, accompanied by a significant decrease (p < 0.001 
vs. normal control) in food intake noted from day 5 that was turned 
back to increase on day 15. In addition, the volume of water intake 
in the diabetic control group was greater (p < 0.001) than that 
in the normal control group and increased progressively till the 
experiment was terminated, while in diabetic rats supplemented 
with insulin or CQC, significant decreases (p < 0.001 vs. diabetic 
control) in the water intake were observed from day 10; however, 
the values were still higher than those prior to the induction of 
diabetes. Moreover, food intake was declined (p < 0.001 vs. normal 
control) in the diabetic control group from day 5 and proceeded till 
the end of the experiment, and it was significantly (p < 0.001 vs. 
diabetic control) and continuously increased in the treated diabetic 
rats with either insulin or CQC from day 10 till the experiment was 
terminated (Table 1). 

Bodyweight
There was an obvious reduction in the bodyweight 

of animals in the diabetic group in comparison to the control 
group animals. After the treatment of diabetic rats with CQC, 

the bodyweight continued to rise, during the second week and 
continued, and it was notably regained to around normal level, 
at the end of the experiment. In the case of treatment of diabetic 
animals with insulin, the rats began later to have a bodyweight 
increase at the end of the experiment and this increase was to a 
lesser extent. On the other hand, a marked higher elevation in the 
bodyweight of normal control group rats administered with CQC 
was noted from day 14 and continued (Table 2). 

FBG level
In either insulin- or CQC-treated diabetic rats, 

hypoglycemic effects were evident (p < 0.001) from day 7 onwards; 
the decreases in blood glucose levels were highly pronounced on 
day 14. On the other hand, in the normal rat group treated with 
CQC, there were no significant changes (p > 0.05), which were 
observed from the first day to the last day of the experiment in 
the FBG levels when compared with those of the corresponding 
normal control rats group (Table 2). 

Biochemical parameters

Blood glycosylated HbA1C
Table 3 shows that the normal group treated with CQC 

showed no significant changes in blood HbA1C when compared 
with the normal control group. Treatment with insulin or CQC 
reversed high diabetic-induced blood HbA1C levels to normal. 

Table 1. Water and food intakes at different intervals of rats’ groups.

Groups Normal control Normal + CQC Diabetic control Diabetic + insulin Diabetic + CQC

Water intake (ml/group/day)

Day 5 123 ± 3.109 152.7 ± 2.217*** 211 ± 2.709*** 201 ± 10.033 219.0 ± 2.602

Day 10 120 ± 4.349 142 ± 2.082*** 276.5 ± 5.066*** 192.25 ± 2.217$$$ 208.0 ± 5.066$$$

Day 15 122.2 ± 1.708 143.5 ± 1.291*** 282.25 ± 2.217*** 184.5 ± 4.203$$$ 190.0 ± 2.203$$$

Food intake (g/group/day)

Day 5 300.25 ± 2.449 272.5 ± 5.260*** 262 ± 2.449*** 259.25 ± 3.304 203.25 ± 2.500$$$

Day 10 305.5 ± 3.697 270.5 ± 3.109*** 242 ± 2.082*** 267.25 ± 2.630$$$ 214 ± 4.546$$$

Day 15 314.25 ± 4.349 276.25 ± 2.630*** 235 ± 3.559*** 268.25 ± 4.573$$$ 221 ± 2.160$$$

Values are introduced as mean ± SD (n = 7 rats/group). CQC: cobalt–quercetin complex. 
***P < 0.001 against normal group. 
$$$P < 0.001 against diabetic group.

Table 2. Bodyweight and FBG (mg/dL) in different intervals of rats’ groups.

Groups Normal control Normal + CQC Diabetic control Diabetic + insulin Diabetic + CQC

Bodyweight (g/rat)

Day 0 151.78 ± 1.58 167.0 ± 3.750 160.0 ± 9.126 187.8 ± 9.850 153.4 ± 2.11

Day 7 160.9 ± 3.740 163.6 ± 2.120 149.0 ± 5.660 162.0 ± 3.090 139.1 ± 3.804

Day 14 169.7 ± 2.04 177.4 ± 3.150 137.0 ± 1.530 166.4 ± 3.625 151.8 ± 3.07

FBG (mg/dl)

Day 0 109.0 ± 3.26 114.6 ± 7.091 303.0 ± 21.71*** 265.2 ± 14.410*** 272.1 ± 10.029***

Day 7 113.5 ± 3.99 116.0 ± 5.460 317.0 ± 11.04*** 185.8 ± 22.790$$$ 220.0 ± 20.81$$$

Day 14 123.1 ± 3.44 118.57 ± 6.901 322.0 ± 11.20*** 162.5 ± 17.855$$$ 159.5 ± 3.82$$$

Values are introduced as mean ± SD (n = 7 rats/group). CQC: cobalt–quercetin complex. 
***P < 0.001 against normal group. 
$$$P < 0.001 against diabetic group.
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Liver function tests
As indicated in Table 3, serum AST and ALT activities 

were significantly (p < 0.001) inhibited while serum albumin 
level was highly increased (p < 0.001) by insulin or CQC 
supplementation when compared with those of the diabetic control 
group. Furthermore, a significant (p < 0.001) increase in the activity 
of both AST and ALT along with a significant decrease (p < 0.001) 
in serum albumin was detected in the normal group treated with 
CQC when compared with the untreated normal control group. 

Kidney function tests
As presented in Table 3, STZ administration showed 

significant (p < 0.001) elevations in circulated concentrations 
of uric acid, urea, and creatinine. Treatment of diabetic rats 
with insulin significantly reduced uric acid, creatinine, and urea 
levels (p < 0.01, p < 0.001, and p < 0.001, resp.) compared to 
those of the nontreated diabetic group. CQC supplementation to 
diabetic rats significantly diminished creatinine, uric acid, and 
urea concentrations (p < 0.05, p < 0.01, and p < 0.001, resp.) 
compared to those of the nontreated diabetic group. Moreover, 
CQC supplementation to normal rats kept serum creatinine, urea, 
and uric acid levels within their normal ranges when compared 
with normal rats’ group levels.  

Lipid profile
Significant decreases in serum levels of cholesterol, low-

density lipoprotein (LDL), and TG accompanied by a significant 
elevation in serum HDL level were noted in diabetic rats 
administered with insulin or CQC compared to those of untreated 

diabetic rats. In addition, normal rats administered with CQC 
showed normal lipid profile except a slight significant (p < 0.05) 
elevation in TG level which was detected (Table 3). 

Lipid peroxidation and antioxidants
Table 3 illustrates a significant (p < 0.001) elevation, to 

more than sixfold, in serum lipid peroxidation marker (MDA) and 
a significant (p < 0.001) elevation in NO concentration along with 
a significant (p < 0.001) decrease in antioxidant defense markers 
(TAC and SOD) in control diabetic group compared with those 
of normal control group. Treatment with insulin or CQC reversed 
significantly (p < 0.001) all these markers toward normal values; 
however, the effects of CQC and insulin were nearly analogous to 
each other. Instead, there were no significant changes (p > 0.05) 
detected in serum levels of MDA or NO or TAC in the normal 
group administered with CQC when compared with the normal 
control group except the slight significant reduction (p < 0.01) 
detected for SOD.

Histopathological analysis
As shown in Figure 2 and Table 4, the pancreas of 

normal rats treated with CQC showed normal islets of Langerhans 
with normal β-cells. On the other hand, the diabetic control 
rat pancreas tissues have shrunken islets of Langerhans with 
degeneration and necrosis of cell components. On the contrary, 
the pancreas of diabetic rats administered with insulin showed 
normal islets of Langerhans with normal β-cells. The pancreas of 
diabetic rat administered with CQC showed mild atrophy of islets 
of Langerhans with normal β-cells. 

Table 3. Biochemical parameters of rats’ groups.

Groups Normal control Normal + CQC Diabetic control Diabetic + insulin Diabetic + CQC

Liver function tests

ALT (IU/l) 66.2 ± 5.359 88.9 ± 3.956*** 104.6 ± 13.910*** 77.8 ± 9.206$$$ 80.59 ± 4.288$$$,*

AST (IU/l) 89.81 ± 3.173 109.45 ± 7.430*** 144.71 ± 8.767*** 102.01 ± 6.473$$$,** 91.88 ± 3.366$$$

Albumin (g/dl) 1.85 ± 0.095 1.36 ± 0.048*** 1.13 ± 0.061*** 1.55 ± 0.061$$$,*** 1.67 ± 0.049$$$,***

Kidney function tests

Creatinine (IU/l) 0.303 ± 0.019 0.318 ± 0.027 0.439 ± 0.0593*** 0.289 ± 0.033$$$ 0.379 ± 0.059$,**

Urea (mg/dl) 18.89 ± 1.214 14.76 ± 1.105 33.05 ± 2.079*** 23.88 ± 2.437$$$ 21.96 ± 1.318$$$

Uric acid (mg/dl) 1.15 ± 0.148 1.41 ± 0.229 2.73 ± 0.833*** 1.642 ± 0.245$$,*** 1.735 ± 0.161$$,***

Lipid profile

Cholesterol (mg/dl) 50.41 ± 2.866 54.76 ± 3.365 74.38 ± 7.86 *** 65.82 ± 2.524$$,*** 51.73 ± 2.728$$$

TG (mg/dl) 46.68 ± 9.503 56.37 ± 3.360* 81.59 ± 6.823*** 56.97 ± 6.758$$$,* 70.24 ± 4.812$,***

HDL (mg/dl) 25.96 ± 3.045 24.84 ± 3.305 10.50 ± 2.166*** 25.77 ± 2.279$$$ 14.356 ± 3.040$$,***

LDL (mg/dl) 15.08 ± 2.440 18.3 ± 4.650 47.16 ± 8.930*** 29.10 ± 3.645$$$,*** 23.28 ± 4.970$$$,*

Lipid peroxidation and antioxidants

MDA (nmol/l) 1.47 ± 0.093 2.01 ± 0.549 9.84 ± 1.207*** 6.26 ± 1.080$$$,*** 6.11 ± 0.858$$$,***

TAC (mmol/l) 1.63 ± 0.057 1.506 ± 0.135 0.604 ± 0.175*** 1.58 ± 0.054$$$ 0.94 ± 0.154$$$,***

NO (mmol/l) 0.015 ± 0.0005 0.016 ± 0.0006 0.042 ± 0.003*** 0.022 ± 0.002$$$,*** 0.022 ± 0.003$$$,***

SOD (U/ml) 283.0 ± 4.517 246.3 ± 8.808** 50.06 ± 3.588*** 170.3 ± 12.105$$$,*** 160.08 ± 3.12$$$,***

Blood glycosylated hemoglobin

HbA1C (%) 2.92 ± 0.126 2.934 ± 0.168 4.03 ± 0.286*** 3.25 ± 0.184$$$ 2.954 ± 0.179$$$

Values are introduced as mean ± SD (n = 7 rats/group). CQC = cobalt–quercetin complex. 
*p < 0.05, **p < 0.01, and ***p < 0.001, respectively, against normal group. $p < 0.05, $$p < 0.01, and $$$p < 0.001, respectively, against diabetic group.
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As shown in Figure 2, the liver section of a normal 
rat treated with CQC reflected normal hepatocytes and normal 
histological architecture. The liver of a diabetic rat showed 
histopathological changes including increased vacuolation in the 
cytoplasm of hepatocytes appeared as indistinct clear vacuoles 
indicating glycogen infiltration in diabetes. On the contrary, liver 
sections of diabetic rats administered with insulin or with CQC 
showed normal hepatocytes and normal hepatic architecture with 
mild vacuolation of hepatocytes. Table 4 illustrated that CQC has 

a stronger curative/protective action toward liver cells of diabetic 
rats (normal liver architecture, normal hepatocytes, and no necrosis 
but mild degeneration of hepatocytes); however, the CQC had 
the advantage of higher hepatocytes regeneration capacity than 
insulin (normal liver architecture and normal hepatocytes with 
mild necrosis and mild degeneration associated with moderate 
regeneration capacity of hepatocytes).

DISCUSSION
In the present investigation, the normal rats group 

treated with CQC showed normal pancreas architecture alongside 
no significant changes, from the first day until the last day of 
the experiment, in the FBG levels when compared with those 
of the corresponding normal control rats group. It also showed 
normal levels of all other studied biochemical parameters except 
the observed significant increases in TG, AST, and ALT levels 
accompanied with the observed significant decreases in serum 
albumin and SOD reflecting the incidence of mild tolerable liver 
injury that still can be normally and spontaneously reversed as 
reflected from the histopathological examination of liver sections 
excised from normal rats treated with CQC; mild degeneration 
of few numbers of hepatocytes associated with high capacity of 
regeneration was detected.

Furthermore, the treatment of normal rats with CQC 
caused a temporary loss of appetite associated with a slightly 
more need for drinking water resulting in a significant decrease 
in the food intake during the first 5–10 days of treatment resulting 
in a bodyweight loss. These effects started to be reversed toward 
normal spontaneously with time. This was confirmed by the gain 
in normal bodyweight of this group of rats by the end of the 
experiment. 

From the  day 10 of treatment of diabetic rats with 
either CQC or insulin, the daily water intake was decreased and 
continued, while the daily food intake was increased and steps 
forward. Consequently, the treated rats’ bodyweights started 
to increase and continued. However, with CQC treatment, the 
bodyweight increase was greater and began earlier than in the case 
of insulin treatment. These findings suggested that CQC is more 
powerful than insulin in the minimization of IDDM symptoms.

In the current work, the hypoglycemic effect of CQC 
was obvious from day 7 of treatment and it was more obvious 
on the last day of treatment suggesting that CQC may have 
an inhibitory effect on glucose intestinal absorption and/or 
a stimulatory effect on insulin release may be via promoting 
β-cells regeneration and improving their function. This was in 
accordance with Hii and Howell (1984) and Zafar and Singh 
(1990). By comparison with insulin, our biochemical analysis 
results reflected that CQC and insulin hypoglycemic effects were 
nearly alike and reduced FBG by 51% and 53%, respectively. This 
was compatible with our histopathological analysis data where 
insulin treatment showed no atrophy of islets of Langerhans 
with mild degeneration of β-cells and CQC treatment showed 
mild atrophy of islets of Langerhans with no degeneration of 
β-cells. This introduced the evidence for the pancreatic curative/
protective effect of CQC, which consequently adds another 
explanation for its hypoglycemic performance and proves its 
antidiabetic properties. 

Figure 2. Pancreatic and hepatic tissues histopathology. Pancreas: (A1) normal 
control rat pancreas showing normal islets of Langerhans with pale rounded 
and ovoid β-cells in the center (arrow), embedded in an exocrine portion of the 
pancreas, (B1) pancreas of normal rat treated with CQC showing normal 
islets of Langerhans (arrow), (C1) diabetic control rat pancreas showing 
shrinkage of islets of Langerhans with degeneration and necrosis of cells where 
its nucleus appeared densely basophilic and karyolysis is evident (arrow), 
(D1) pancreas of diabetic rat treated with insulin showing normal islets of 
Langerhans with its normal pale large round- to ovoid-shaped containing cells 
(arrow) embedded in an exocrine portion of the pancreas, and (E1) pancreas of 
diabetic rat treated with CQC showing mild atrophy of islets of Langerhans 
with normal β-cells (arrow) (H&E, ×400). Liver: (A2) normal control rat 
liver showing normal hepatocytes (arrow) with normal radial arrangements 
around hepatic cords (H&E, ×400), (B2) liver of normal rat treated with 
CQC showing normal hepatocytes (arrow) and normal histological architecture 
(H&E, ×400), (C2) diabetic control rat liver showing increased vacuolation 
in the cytoplasm of hepatocytes which appeared as indistinct clear vacuoles 
(arrows) indicating glycogen infiltration in diabetes (H&E, × 400), (D2)  liver 
of diabetic rat treated with insulin showing normal hepatocytes and normal 
hepatic architecture with mild vacuolation of hepatocytes (arrow) (H&E, ×100), 
and (E2)  liver of diabetic rat treated with CQC showing the presence of 
duplicates indicating regeneration capacity (arrow) with mild vacuolation of 
hepatocytes (H&E, ×100).
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Diabetes is assumed to encourage lipid peroxidation 
since elevations in FBG permit excess protein glycation. This 
glycation disrupts cellular functioning and stimulates free radicals’ 
release as by-products, which ultimately can cause cellular 
damage in different organs, for example, β-cells in the pancreas 
(Saad et al., 2017b). CQC had no significant hypoglycemic 
influence on normoglycemic rats but antagonized the elevation in 
circulating glucose under the effect of STZ and this result could 
be attributed to its antioxidative power. It can be suggested that 
CQC administration is helpful in diminishing circulated glucose 
levels and encouraging regeneration of the pancreatic islets as 
proved by the present histopathological examination of pancreas 
sections, thus exerting its useful antidiabetic influences. This is in 
accordance with previously reported effects of certain flavonoids 
(Hii and Howell, 1984; Wolff, 1993) in alloxan-diabetic animals. 

Glycated HbA1C was seen to rise in out of control 
or badly controlled DM (Bunn et al., 1978). It was proven that 
glycation possibly will motivate reactive oxygen radicals’ genesis 
in the diabetic state, and the HbA1C measurement is introduced as 
a member of the biomarkers of oxidative stress level evaluation in 
DM (Bravi et al., 2006). Hence, the level of HbA1C is supposed 
to be a highly sensitive indicator of glycemic regulation (Jain et 
al., 1989). The current investigation demonstrated that CQC has 
strong hemostatic properties confirmed by its ability to normalize 
blood HbA1C reflecting a high degree of metabolic control. 

Bukhari et al. (2008) studied CQC antioxidant activity 
in vitro and reported that CQC showed high antioxidant activity. 
Additionally, the current study established that CQC has a strong 
antioxidant activity in vivo as well. These antioxidant properties 
were reflected from CQC ability to increase the level of total 
antioxidants capacity (TAC) and the activity of the antioxidant 
defense enzyme SOD, to decrease the levels of the oxidative stress 
biomarkers MDA, an oxygen radical resulting as a final product 
of lipid peroxidation in oxygen-dependent degeneration of tissue 
(Saad et al., 2017e) and NO (Prieto et al., 2007; Saad et al., 2017b), 
and to normalize the level of the oxidative stress biomarker 
HbA1C (Bravi et al., 2006) in sera of the treated diabetic rats. 
Accordingly, CQC is able to work as an active oxygen radicals’ 
scavenger and contribute to different vital organs’ protection from 
diabetic-induced damage in animals. Based on these facts and in 
accordance with Banihani et al. (2013), we support the previously 
suggested mechanism by which CQC may affect diabetes. It is 
via lowering oxidative stress and lipid peroxidation. This lowering 
may take place by direct neutralization of the created active oxygen 
radicals, inducing metal chelation activity, increasing certain 
antioxidant enzyme activities, and suppressing or stimulating 
definite transcriptional factors. 

As one of the conditions that can encourage lipid 
peroxidation diabetes is one of the pathologic conditions that 
might indirectly cause liver damage (El-Emshaty et al., 2018). In 
agreement with Al-Rawi (2007a) and Ene et al.’s (2007) studies, 
our present results revealed significant lowering in ALT and AST 
activities and a significant increase in blood albumin in diabetic 
animals administered with CQC when compared to the control 
untreated diabetic group. Decreases in ALT and AST activities 
may be due to increased clearance and/or decreased leakage 
through hepatocytes membranes as a result of CQC’s ability to 
suppress diabetes-induced oxidative stress, as evidenced earlier. 
Our histopathological studies verified that CQC has a stronger 
curative/protective action toward liver cells of diabetic rats (normal 
liver architecture, normal hepatocytes, and no necrosis but mild 
degeneration of hepatocytes associated with high regeneration 
capacity) than insulin (normal liver architecture and normal 
hepatocytes with mild necrosis and mild degeneration associated 
with moderate regeneration capacity). Therefore, CQC had the 
advantage of a high regeneration capacity of hepatocytes associated 
with no necrosis. Moreover, the treatment of diabetic animals by 
CQC developed significant decreases in circulatory levels of total 
cholesterol, TG, and LDL accompanied by a significant increase 
in HDL level. By comparison, the hypolipidemic effects of insulin 
and CQC were actually comparable. These hepatoprotective and 
hypolipidemic actions of CQC may be attributed to its strong 
antioxidant properties. 

Al-Rawi (2007b) reported that STZ-stimulated DM 
created notable alterations in both the architecture and performance 
of kidneys in rats. Serum urea, uric acid, and creatinine were 
significantly higher. Our current study showed that the CQC 
administration fairly ameliorates renal dysfunction, induced by 
diabetes and supported by observed significant decreases in serum 
creatinine, urea, and uric acid levels that may be attributable to its 
antioxidant properties.

CONCLUSION
In conclusion, our histological and biochemical 

findings revealed a remarkable amelioration of all the studied 
diabetic-induced abnormalities as a result of treating diabetic 
animals with CQC probably due to the prevention of depletion 
of the antioxidants, preventing lipid peroxidation, and promoting 
regeneration of the pancreatic islets. This reflects its strong 
antioxidant potency. In general, the results of our present study 
indicate that the antidiabetic effects of CQC against STZ-induced 
diabetes in rats were comparable to those of insulin; however, 
CQC to some extent was better. This warrants studies on CQC 
antidiabetic effects before its possible human use in the future. 

Table 4. Semiquantitative analysis of histopathological studies on rat pancreas and on rat liver in rats’ groups.

Criteria Normal control Normal+ CQC Diabetic control Diabetic + insulin Diabetic + CQC

Atrophy of islets of Langerhans − − +++ − +

Degeneration of β-cells − − +++ + −

Necrosis of hepatocytes − − ++ + −

Degeneration of hepatocytes − + +++ + +

Hepatic regeneration capacity − ++ − ++ +++

CQC = cobalt–quercetin complex; - = negative;  + = mild; ++ = moderate; +++ = severe.
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