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New binuclear chromium (III) niacinamide compound with chemical formula [Cr2(Nic)(Cl)6(H2O)4]·H2O was
obtained upon the reaction of chromium (III) chloride with niacinamide (Nic) in methanol solvent at 60 °C.
The proposed structure was discussed with the help of microanalytical analyses, conductivity, spectroscopic
(FT-IR and UV–vis.), magnetic calculations, thermogravimetric analyses (TG/TGA), and morphological studies
(X-ray of solid powder and scan electron microscopy. The infrared spectrum of free niacinamide in comparison
with its chromium (III) compound indicated that the chelation mode occurs via both nitrogen atoms of pyridine
ring and primary –NH2 group. The efficiency of chromium (III) niacinamide compound in decreasing of glucose
level of blood andHbA1c in case of diabetic ratswas checked. The ameliorating gluconeogenic enzymes, lipid pro-
file and antioxidant defense capacities are considered as an indicator of the efficiency of new chromium (III) com-
pound as antidiabetic drug model.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Diabetes Mellitus was a leading cause of most renal diseases and the
cause of heart attacks leading to blindness and nontraumatic amputa-
tions [1]. Diabetes is the most serious disease with multiple complica-
tions and mortality and responsible for at least 10% of total health care
disbursement in theworld [2]. Diabetesmellituswas a seriousmetabol-
ic disease that tendency to diseases andmultiple-organ impairment [3].
The lacks of β-cells in the pancreas were the main cause of pathophys-
iological markers in the progress of both two types of diabetes either 1
or 2 [4]. Therefore, the great therapeutic goal is to achieve the remark-
able production and generation of pancreatic islets that would conse-
quently ameliorate diabetes and reduced its complications [5]. Metal
complexes in the pharmaceutical industry and agriculture are consid-
ered as essential elements [6]. The Cr(III) ion interact with the insulin
ulty of Science, Taif University,
and its receptors on the first step in the metabolism of glucose entry
into the cell, and facilitates the interaction of insulin with its receptor
on the cell surface [7]. The binding of insulin to cells was shown to be in-
creased in case of treatmentwith chromium andwhich by leading to in-
crease sensitivity of insulin receptors. There is an urgent need for
additional discussion in order to evaluate the mechanism of chromium
and its role in directory of diabetes for type 2 [8]. Niacinamide (vitamin
B3) was participating in the metabolism of cellular energy that directly
affects body physiology [9,10]. The medicinal products with inorganic
compounds or metal complexes may contain one of these probabilities:
(a) Essential chemical for life, such as: iron for anemia, (b) Elements
which considered as non-toxic elements that carry out specific medici-
nal purposes, such as platinum which is used as antitumor agents [11].
The aim of the study is to synthesis new antidiabetic drug model by
complexation between chromium chloride and Nic to achieve the best
safer treatment for diabetic patients. The chromium (III) niacinamide
complex has been characterized by using the microanalytical, conduc-
tance, (IR, electronic) spectra, magnetic data with Bohr magnetons,
thermogravimetric analyses, XRD as well as SEM techniques. In
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addition, the decreasing blood glucose concentrationwas checked in di-
abetic rats using standardized doses of chromium (III) niacinamide
compound.

2. Experimental

2.1. Materials

All chemicals used were with a high degree of purity. Niacinamide
(Nic) and chromium (III) chloride hexahydrate salt were obtained
from the company of BDH (UK).

2.2. Synthesis of Chromium (III) Niacinamide Complex

The CrCl3·6H2O (1 mmol, 0.267 g) in 10 mL methanol was mixed
with 30 mL methanol of (1.0 mmol, 0.122 g) niacinamide. The mixture
was refluxed with stirring at 50 °C for 45 min. The solid chromium (III)
complex was isolated after left to be precipitated within one day. This
complex was washed with (C2H5)2O ether and then dried over anhy-
drous CaCl2.

2.3. Instrumentals

The percentage of %C, %H, and %N elementals were calculated using
Perkin- Elmer-CHN-2400 (USA). Molar conducts of 10−3mol/cm3 chro-
mium (III) Nic complex dissolved in dimethylsulfoxidewas determined
using a conductivity meter (JENWAY 4010). The electronic absorption
spectra of Nic and Cr(III) complex dissolved in dimethylsulfoxide were
scanned at 900–200 nm region using UV2-Unicam-UV/vis-Spectropho-
tometer. The mid infrared spectra were scanned based on BRUKER-FT-
IR Spectrophotometer. The Shimadzu UV–vis. 3101-PC Spectrophotom-
eter was an instrument used for measured solid reflectance spectra of
samples. At Temp 25 °C, the effectivemagneticmoment values were es-
timated using a Magnetic Susceptibility Balance, Sherwood Scientific,
and Cambridge, UK. The TG/DTG analyses were performed using
Shimadzu 50H analyzer in air environment at 800 °C. Images were
taken by SEM with Quanta FEG 250 equipment. XRD were recorded
on X'Pert PRO PAN-analytical with target copper as secondary
monochromate.

2.4. Experimental Animal Design

We used forty male Wistar rats with (Wt. 200–250 g). We obtained
the animals from Veterinary medicine, Zagazig University, Egypt. Ani-
malswere kept and fed according to the European community Directive
(86–609-EEC). The rats infected by hyperglycemic were weighed and
randomly divided into 4 groups (10 rats). One group was considerably
diabetic control. Four groups of rats were arranged as follows:

- Group (1): Control group and intraperitoneally injected by 0.1 mL of
saline through consecutive 30 days.

- Group (2): (Diabetic untreated group) was injected intraperitoneal-
ly by one dose of STZ (50 mg/kg) for induction of diabetes.

- Group (3): (diabetic (STZ) + Nic) was injected with Streptozotocin
(50 mg/kg) (single dose for induction of diabetes) and then injected
intraperitoneally by Nic (50 mg/kg) [12] for 30 days.

- Group (4): (diabetic (STZ) + Nic/Cr+3) was injected with STZ (50)
mg/kg (single dose for induction of diabetes) and then injected in-
traperitoneally by Nic/Cr+3 complex (50 mg/kg) for successive
30 days.

2.4.1. Hyperglycemia Inducement
The diabetic status was caused by a single injection for the intraper-

itoneal using streptozotocin (50mg/kg) [13]. Briefly, rats were weighed
daily and injected with streptozotocin soluble in citrate buffer (pH =
4.5). After three days, blood samples were collected from the retro-
orbital venous plexus. The experimental work was occurred for
30 days after 3 days from giving streptozotocin. After blood glucose
measurement, only rats with blood glucose levels N220 mg/dL were se-
lected and rated as hyperglycemic animals that have been subjected to
further experimentation. The animals were checked and observed daily
and their weights were recorded every week for adjusting the dose.

2.4.2. Blood and Organs Samples
Blood samples for the fast rats' in one daywere obtained from retro-

orbital venous plexus using capillary tubes [14]. Approximately 9 mL
blood gathered into two tubes from each rat, EDTA was added to one
sample to obtained plasma, the other one was allowed to coagulate
within 30 min. Then, blood samples in two tubes were centrifuged at
3000 rpm for 15 min to isolate serum and plasma for different analyses.

2.4.3. Lipogram Picture
Triglycerides, cholesterol and High density lipoprotein cholesterol

(HDL-c) were determined using commercial kits. Low density lipopro-
tein cholesterol (LDL-c) ranges were estimated according
Muruganandan et al. formula [15]. The very low density lipoprotein-
cholesterol (VLDL-c) valuewas estimated using Prakasam et al. formula
[16].

2.4.4. Biomarkers of Liver Functions
Both G6PDH and LDH values were calculated using commercial kits.

2.4.5. Determination of Lipid Peroxidation Marker
The thiobarbituric acid reactive substances (TBARS) levels are bio-

indicators of malondialdehyde (MDA) production [17], which the
MDA is recognized as a final product for the lipid peroxidation.

2.4.6. Determination of SOD and GSH Levels
The SOD value was calculated upon method of Rukmini et al. [18].

The level of reduced glutathione (GSH) was assayed dependent on the
method of Beutler et al. [19].

2.4.7. Determination of Blood Glucose Level, Hb, HbA1c
Glucose was determined according to Sasaki et al. method [20]. Hb

was determined according to Drabkin and Austin method [21]. HbA1c
was estimated using Sudhakar and Pattabiraman method [22] beside
the modification by Bannon [23].

2.4.8. Determination of Hexokinase and Glycogen Content
Hexokinase was assessment using Brandstrup, Baginsky and

Gancedo et al. methods [24–26], and phosphate (Pi) inorganic material
was determined using Fiske et al. method [27]. Glycogen content was
calculated by Morales et al. method [28].

2.4.9. Statistical Analysis
The data were treated as mean ± standard error for the four exper-

imental groups and then analyzed using SPSS statistical program ver-
sion 14.0. Duncan's multiple range tests were used upon Snedecor and
Cochran, [29].

3. Results and Discussion

3.1. Microanalytical and Conductance Studies

The microanalysis and spectroscopic measurements led to identify
of new chromium (III) Nic complex. The resulted chromium (III) com-
plex is a green color. The molar conductance measurement was per-
formed in DMSO solvent. The conductivity data refers that the non-
electrolytic behavior (46 Ω−1 cm2 mol−1) for 1:2 (Nic: Cr3+) complex
[30,31]. The low limit of conductance for the Cr(III) Nic complex is
assigned to presence of ionic chloride (Cl−) inside chelation sphere.
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Fig. 2. Infrared spectrum of [Cr2(Nic)(Cl)6(H2O)4]·H2O complex.
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The elemental analyses data of the [Cr2(Nic)(Cl)6(H2O)4]·H2O complex
(Fig. 1) is that: Calcd. %C: 13.63; %H: 3.05; %N: 5.30; %Cr: 19.66. Found:
%C: 13.21; %H: 2.92; %N: 5.17; %Cr: 19.61. The calculated molecular
weight is 528.91 g mol−1.

3.2. FT-IR Spectra

The FT-IR spectrum of chromium (III) Nic complex (Fig. 2) contains
the main absorption peaks of Nic free ligand (Table 1). The Nic free li-
gand has distinguished infrared frequencies of pyridine and primary
amide group. The stretching vibration spectra of asymmetric and sym-
metric ν(N\\H) of\\CONH2 group in Nic free donor exhibited at 3375
and 3175 cm−1, respectively [32,33]. The ν(C\\H) frequency appears
at 3020 cm−1. The absorption band of the carbonyl group (\\CONH2)
for the free Nic drug is exhibit at 1680 cm−1. The δ(NH2) bending vibra-
tion of\\NH2 amide group is presence in free Nic ligand at 1610 cm−1

[33]. The pyridine ring of free Nic has some vibration motions which
presence at 1598, 1580, 1484 and 1415 cm−1. Both stretching vibration
bands of\\CN amide group and bending deformation δ(CH) out-of-
plane are existed at (1200, 1118 and 1026) cm−1 and (770 and 700)
cm−1, respectively. In order to deduced the chromium(III)Nic complex,
it must be check the place of donation sites which summarized in nitro-
gen atom of pyridine ring and also the–NH2 amide group (νC_O and
δNH2). Based on the comparison between Nic free ligand and Cr(III)
complex, there are supported items; i - the absence of stretching vibra-
tion band of νC_N and νC_C which occurs in Nic free donor at
1598 cm−1 also the lower shifted of band at 1484 cm−1 to
1455 cm−1. ii - The disappear of both stretching vibration bands of
ν(N\\H) which located at 3375 and 3175 cm−1 in free Nic ligand. iii -
The νC_O and δNH2 vibrations of amido group are affected under com-
plexation with shifted to lower frequencies from 1680 cm−1 (free Nic
ligand) to 1660 cm−1 (Cr(III) complex) and decreasing the intensity
of δNH2 vibration band as shoulder behavior. The strong band existed
in the region ca. 1660 cm−1 is refer to the δ(H2O) vibrations of the
water molecules [32] beside to νC_O amido group. The bands with
low intensity within 500–400 cm−1 range refer to M\\N vibrations
[33]. It can be concluded that in chromium (III) Nic complex, chelation
occurs from the both sides of two nitrogen's as pyridine ring and nitro-
gen of the primary amido group. Therefore, the Cr3+: Nic ratio is 2:1.

3.3. Electronic and Magnetic Studies

TheNic free donor contain detectable absorption bandswithin ultra-
violet scale 200–400 nm and on the other hand some of these bands
may be placed at thewavelengthmore than this scale upon conjugation
system. In the chelation situation of Nic toward metal ions, the
NO
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Fig. 1. Suggested structure of [Cr2(Nic)(Cl)6(H2O)4]·H2O complex.
electronic systemwas changed. The other bands exhibited in the visible
region are due to d-d and charge-transfer absorption spectral bands
from metal-to-ligand or inversion. These bands give an idea about the
geometry structures of chelations [34]. The absorption spectrum of
10−3 mol/cm3 Cr(III) complex (Fig. 3) was scanned in DMSO solvent.
The transitions bands π → π* (aromaticity of pyridine ring) in Nic/
Cr3+ complex were placed at 265 nm [35], and other band due to
n→ π* transition (NH2 and CO of amide group and pyridine ring) is lo-
cated at 422 nm [36,37]. Third transition peaks at 626 nm is due to the
LMCT (charge transfer transition band from ligand to metal) [38].

The electronic figure of Cr(III) complex has two bands located at
15,974 and 23,697 cm−1 for the 4A2g(F) → 4T2g (F) (ν1) and
4A2g(F) → 4T1g(F) (ν2), respectively, due to octahedral geometrical
structure Cr(III) complex [39]. Third band of 4A2 g(F) → 4T1 g(P) (ν3),
Racah factor (B) and the nephelauxetic variation (β) have been estimat-
ed using Eqs. (1)–(3), dependent on Underhill and Billing authors [40].

340Dqþ 18 ν2 þ ν3ð ÞDqþ ν2:ν3 ¼ 0v ð1Þ

B ¼ ν3 þ ν2–30Dqð Þ=15 ð2Þ

β ¼ Bcomplex=Bfree ion ð3Þ

TheB andβ parameters have 568 and 0.61 cm−1 values, respectively
(see Table 2). The shift of Racahparameter in comparisonwith free Cr3+

(933 cm−1) [41] is assigned to presence of covalent character bond be-
tween metal and ligand. The effective magnetic moment with 3.76 BM
value is inserted inside logical range of the three unpaired of electrons
[42].
Table 1
Characteristic infrared frequencies of Nic and its Cr3+ complex.

Nic Cr3+ complex Assignments

3375, 3175 – ν NH
3020 3058 ν CH
1680 1660 ν C_O
1610 1611 shoulder δ NH2

1598, 1580 1553 ν C_C and ν C_N
1484, 1415 1455, 1415 Pyridine ring + ν C\\N
1200, 1118, 1026 1199, 1120, 1057 ν CH in-plane ring + skeletal vibration
770, 700 817, 740, 666 δ CH out-of-plane
– 520, 440 ν Cr\\N (nitrogen of pyridine + amide)
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Fig. 3. Electronic spectrum of [Cr2(Nic)(Cl)6(H2O)4]·H2O complex.

Fig. 4. SEM picture of [Cr2(Nic)(Cl)6(H2O)4]·H2O complex.
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3.4. SEM and XRD Studies

The morphological and microstructure surface of Cr(III) complex
was scanned based on SEM see Fig. 4. The SEM micrograph refers to
the well sintered behavior of Cr3+ complex with a regular systematic
flower view. The grain size is distributed homogeneously with large
grains shape and agglomerates. The particle size of Cr(III) complex is
5 μm. The XRD patterns (Fig. 5) of Cr(III) complex was scanned at
4o b 2θ b 60° range which give an idea about the lattice dynamics. The
2θ; d-values (volume average of the crystal dimension normal to
diffracting plane); full width at half maximum (FWHM) of prominent
intensity peak; relative intensity = 100 (%) and particle size of chromi-
um (III) complex data were calculated. The maximum diffraction pat-
tern of Cr3+ Nic complex exhibited at 2θ/(Ǻ) = 13. The crystallite size
(nanoscale range) was calculated upon the XRD patterns with the
help of FWHM (0.120) of the main peaks by Deby-Scherrer Eq. (4) [43].

D ¼ 0:89λ
βCosθ

ð4Þ

where (D=6.8048 particle size of crystal gain; K constant is 0.89 for Cu
grid; λ = 1.5406 Ǻ of X-ray wavelength; θ is angle of Bragg and β is
FWHM. The morphological data reveal that the particle size existed in
nano-scale size.

3.5. Thermal Studies

TG and its differential DTG curves are response to the thermal break-
ing of Cr3+ Nic complex as shown in Fig. 6. These curves show that the
thermal decomposition existed at five steps. The 1st and 2nd steps are
due to endothermic of losses of un- and coordinated water molecules.
The 3rd-to-5th steps are illustrated to overlapping stages due to the de-
composition of Nic ligand followed by Cl2 gases. The thermal decompo-
sition of Nic ligand occurred through three ways as refereed; (see
Scheme 1).

The [Cr2(Nic)(Cl)6(H2O)4]·H2O complex: Firstweight loss take place
at 52–83 °Cwith endothermic maximum peak at Tmax= 65 °C which is
Table 2
Magnetic moments and electronic spectral bands of the Cr3+ Nic complex.

Complex μeff (BM) Transition/(cm−1) Assignmen

Cr(III) 3.76 15,974
23,697
37,736

4A2 g(F) →
4A2 g(F) →
4A2 g(F) →
assigned to dehydration of one uncoordinated water molecule, with
weight loss is 3.828% that closed agree with theoretical value with
3.403%. The 2nd endothermic decomposition stage between 83 and
186 °C with maximum peak at (Tmax = 162 °C) has a weight loss is
9.897%, this is due to loss of 3H2O coordinated molecules with
(calcd. = 10.209%). The 3rd stage at 186-to-266 °C with endothermic
maximumpeak at (Tmax=242 °C), is assigned to starting the decompo-
sition of Cr(III) complex with weight loss 12.902%. For the fourth and
fifth stages within 266–384 °C range at maximum peaks at (Tmax =
368 °C) and from 384 to 800 °C at maximum peak at (Tmax = 442 °C)
have a weight losses 15.562% and 22.251%, respectively, These can be
assigned based on the loss of one molecules of Nic ligand, coordinated
water, and 3Cl2 molecules. The final remaining compound is Cr2O3 con-
taminated with polluted carbon atoms with (found= 35.56%, calcd. =
35.54%) agreement data.
3.6. Effect on Lipid Profile

The results revealed that the diabetic group treated with Nic/Cr+3

complex showed the lowest risk ratio with respect to control group, di-
abetic untreated group andNic diabetic treated group. Fatty acids in free
status lead to ROS release and response to impaired pancreatic β-cell
function [44]. Mitochondria of skeletal muscle in the diabetic patients
from type 2 has been described with smaller limit than controller ani-
mals [45]. The levels of mitochondrial proteins also decreased in pa-
tients of type 2 DM [46]. Elevation in fat accumulation is also
associated with insulin resistance [47]. An association also exists with
impairment of fatty acid metabolism in insulin-resistance offspring of
parents with type two diabetes [48] and this finding come parallel to
our results that confirming the increased level of fatty acids and increas-
ing the level of LDL, triglycerides and cholesterol and decreasing their
levels considerably in diabetic group treated with Nic/Cr+3 complex
with respect to the control group and this correlates to Cr+3 role in de-
creasing fatty acids level and thus enhancing the properties of Nic.
ts 10 Dq/(cm−1) B/(cm−1) β

4T2 g (F) (ν1)
4T1 g(F) (ν2)
4T1 g(P) (ν3)

15,974 900 0.96
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Our results confirmed that, Nic/Cr+3 complex has a protective effect
against hypercholesterolemia and hyperlipidemia as Nic/Cr+3 complex
succeeded in decreasing lipid parameter levels as compared with Nic
treated group and control diabetic group. There were respectable incre-
ment in Total cholesterol, Triglycerides and LDL-c but markedly de-
clined the level of HDL-c in STZ treated group, and also there was
record of some increase in these levels in Nic treated group, This high
levels in lipids in these diabetic groups may be due to the increased
themobilization of free fatty acids from the peripheral deposits. Our re-
sults seem to be acceptable with that obtained by Faure et al. (1995)
[49]. They reported that a prospective data containing thirty partici-
pants which demonstrated that uses of chromium complex for two
months recorded a significant decreasing in serum triglyceride limit
for diabetic patients with type 2. Also, other clinical discussion on 180
diabetic patients with type 2 refereed that chromium compound with
(1000 μg/day) dosage in four months has been efficient against choles-
terol variables, Blostein-Fujii et al. [50]. All these previous studies rein-
forced our results as the complexation between nicotinamide and
chromium has greatly succeeded in reverting high values of triglycer-
ides and cholesterol levels induced by STZ to nearly normal values.
Our results were agreement with Crinò et al. results [51], that clinical
test operated on 348 participants has been refereed that mixed com-
pound from biotin 2.0 mg per day and 600 μg of chromium per day
through three months considerably declined serum of LDL-cholesterol,
total cholesterol, and VLDL-cholesterol limits in diabetic patients (type
2). This study confirm our results as it is similar in complexing between
biotin and chromiumwho alleviate the high level of LDL- and VLDL cho-
lesterol as in our study which revealed the ability of chromium in im-
proving the lipid profile picture in diabetic patients after complexation
Fig. 6. TG/DTG curves of [Cr2(Nic)(Cl)6(H2O)4]·4H2O complex.
with compounds like biotin or nicotinamide. Also, Baker (1996) [52] co-
incides with our results and reinforced our findings. They showed that
supplemental chromium has been shown to increase HDL cholesterol
in type 2 diabetes mellitus as shown in diabetic rats treated with nico-
tinamide and Cr+3 complex.

3.6.1. Effect on Cholesterol
Table 3 demonstrates that diabetic untreated rats (STZ) afforded a

significant elevation in cholesterol level with compared to control
group while diabetic rats treated with Nic only elicited a noticeable in-
creasing in the cholesterol level. On the other hand, diabetic group treat-
ed with Nic/Cr+3 exhibited a non-significant increase in cholesterol
level in comparison with normal control group.

3.6.2. Effect on Triglycerides
It was clear from Table 3 that diabetic untreated group (control dia-

betic) showed a significant elevation in TG levels in comparison with a
normal control group. However, the Nic/Cr+3 diabetic group afforded
a non-respectable increase in TG levels in comparison with control
group while showed respectable decrement in TG levels in comparison
to the groupwith diabetic state. TheNic diabetic treated group recorded
significant increment in TG levels in comparison with a normal control
group, but the best results and the less TG level were recorded in the
group treated with Nic/Cr+3 complex.

3.6.3. Effect on HDL-c
The administration of Nic/Cr+3 to diabetic rats induced no signifi-

cant decreasing in HDL-c ranges incomparable with the control rats,
while, the induction of diabetes by STZ in control diabetic untreated
group elicited a highly decreasing in HDL-c levels compared with con-
trol rats, while the diabetic group treatedwithNic recorded a significant
decrease in the level of HDL-c by 21.22% in comparison with controller
group.

3.6.4. Effect on LDL-c
At the meantime, Table 3 demonstrates that administration of Nic/

Cr+3 complexes to diabetic rats exhibited non respectable increment
in LDL-c levels for the control rats. Therefore, induction of hyperglyce-
mia of rats by a single dose of streptozotocin (control diabetic group)
afforded a significant with highly increase in LDL-c levels in comparison
with controller group and other diabetic groups. The Nic diabetic treat-
ed group exhibited a significant increase in LDL-c with comparison to a
normal control group.

3.6.5. Effect on VLDL-c
Table 3 illustrates that the administration of both Nic and Nic/Cr+3

complex on VLDL-c level. Administration of Nic/Cr+3 new complex on
the diabetic rats has no significant inhibition with controller group,
but it has no significant decrement in VLDL-c level with respect to either
diabetic untreated rats or rats treatedwith Nic by 57.93%.While, the Nic
diabetic treated group was refereed an increasing in VLDL-c limit with



Table 3
Effect of Nic and Nic/Cr+3 complexes on lipogram levels.

Groups Cholesterol (mg/dL) Triglycerides (mg/dL) HDL-c (g/dL) LDL-c (g/dL) VLDL-c (g/dL) Risk ratio

Control group 73.22 ± 5.78d 90.23 ± 4.23d 38.52 ± 2.88ab 28.63 ± 9.95d 18.04 ± 2.96c 1.90 ± 0.45d

Control diabetic 279.32 ± 11.03a 220.75 ± 10.66a 5.45 ± 2.45d 58.63 ± 7.09a 44.15 ± 3.41a 49.41 ± 0.55a

(STZ) + Nic 87.51 ± 5.42b 108.35 ± 8.87b 30.35 ± 2.24c 34.27 ± 9.95b 21.67 ± 1.25b 2.88 ± 0.68b

(STZ) + Nic/Cr+3 75.42 ± 4.96cd 92.89 ± 10.87cd 37.96 ± 2.27b 29.86 ± 7.32cd 18.57 ± 3.24c 1.98 ± 0.97cd

Means within the same column in each category carrying different letters are significant at (P ≤ 0.05) using Duncan's multiple range tests.

Table 5
Effect of Nic and Nic/Cr+3 complexes on SOD, TAC, MDA and GSH in normal and diabetic
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respect to the controller rats. While, the diabetic group induced highly
increment in VLDL-c limit in comparison with controller group.

3.6.6. Effect on Risk Ratio
It was obvious from Table 3 that the given dose of Streptozotocin to

rats elicited a highest risk value with respect to a control group and
other diabetic groups and the best group that succeed in reducing the
risk factor ratio is the diabetic group treated with Nic/Cr+3 complex as
this group showed a non-respectable increase in risk ratio as in compar-
ison with the control group. While, the control diabetic group afforded
the highly increased risk ratio with respect to a control group and dia-
betic groups.

3.7. Effect on LDH and G6PD Profile

Dehydrogenase enzyme makes to transfer a hydride through two
different molecules. The convert of both pyruvate to lactate and NADH
to NAD+ and their backward have been done using lactate dehydroge-
nase catalyzes [53] and this is confirmed to great extent to our results as
LDH was considerably elevated in diabetic group while it is markedly
decreased in Nic/Cr+3 complex by 46.36% with respect to diabetic un-
treated group and this reflects the tissue damage that occurred in dia-
betic untreated group due to injection of STZ and the ameliorative role
of Cr+3 complexation with Nic and thus reducing this damage. It was
appearing from Table 4 that treatment of diabetic rats treated with
Nic/Cr+3 complex elicitedno significant changes inG6PD in comparable
with controller group while diabetic group which treated with Nic free
drug recorded an increasing in G6PD limit and the diabetic untreated
group has reported a decreasing in G6PD limit. The diabetic untreated
group gave a highly meaningful decline in G6PD level in comparison
with controller group and lowest limit with other diabetic groups.
G6PD enzyme makes to reduce the nicotinamide adenine dinucleotide
phosphate (NADP) to NADPH and oxidizing glucose-6-phosphate [54].
This experimental fact discuss the decreasing significant of G6PD in un-
treated diabetic groupwhile it is significantly elevated in Nic/Cr+3 com-
plex by 49.61, 34.06% compared to the diabetic group.

Concerning the effect of Nic andNic/Cr+3 complexes on LDH, a high-
ly significant increase in LDHwas recorded in the diabetic control group
(treatedwith single STZ dose) in respect to control rats accompanied by
diabetic groups treated with Nic and Nic/Cr+3 complexes, respectively.
While the diabetic group treated with Nic/Cr+3 complex exhibited no
significant increment in LDH activity considerable to the control rats
as shown in Table 4. Lactate dehydrogenase is of medical importance
due to its presence greatly in body tissues. Due to it is appearance
after the tissue damage occurrence, it is an important marker of com-
mondiseases, thus the treatment of diabetic ratswithNic/Cr+3 complex
Table 4
Effect of Nic and Nic/Cr+3 complexes on LDH and G6PD levels.

Groups LDH(U/L) G6PD(U/L)

Control group 273.45 ± 22.36d 13.63 ± 1.66ab

Control diabetic 520.97 ± 50.63a 6.58 ± 2.35d

(STZ) + Nic 499.35 ± 36.65b 9.98 ± 1.63c

(STZ) + Nic/Cr+3 279.43 ± 24.42cd 13.06 ± 1.75b

Meanswithin the same column in each category carrying different letters are significant at
(P ≤ 0.05) using Duncan's multiple range tests.
reduced the tissue damage level by reducing the LDH valuewith respect
to the untreated diabetic group and the diabetic group treated with Nic
only.

Concerning the effect of either Nic or Nic/Cr+3 complex on G6PD
level, The Nic diabetic treated group afforded significant decrement in
the G6PD level in comparison with the control group, Meanwhile, dia-
betic rats treated with Nic/Cr+3 complex elicited a non-significant dec-
rement in the G6PD level in respect to the control group.

3.8. Effect on SOD, TAC, MDA and GSH

ROS contain superoxide free radicals [55] that if it is increased in
concentrations it can be lead to cellular injury and demise through oxi-
dative stress [56]. The superoxide dismutase and some vitamins like (C,
D, E, and K) can be decreasing the ROS levels [57]. Yet, one vitamin in
particular, namely Nic may be considered to influence multiple path-
ways. Nic share in cell protection against any damage [58] during oxida-
tive stress and can limited the risk for cardiovascular disorders [59]. Our
results refer that the Nic has ability to scavenge free radicals [60]. Nico-
tinamide protects against the damage induced by free radical [61] and
this capacity increased after complexation between Cr+3 and Nic. Oxi-
dative stress is one of the most dangerous effects on the cellular activi-
ties and thus, according to our results complexation between Cr+3 and
Nic greatly scavenged free radical molecules and thus decreased MDA
level and also increased the enzymatic capacities of SOD and GSH and
thus improving liver function activities and thus enhancing the conver-
sion of blood glucose into glycogen and thus decreasing blood glucose
level which reflect the solution for diabetes mellitus complications.
Our results are completely agreed with Bhuvaneshwari et al. [62] who
refereed that hyperglycemia was associated with increase in oxidative
stress in liver, increasing lipid peroxidation and decreasing glutathione
limits. Chromium is a main nutrient which required glucose and lipid
metabolism [63]. Accordance with our results, in diabetic animals the
usage of Cr+3 through four weeks able to retrieve normal blood glucose
limits. These data were agreement with Abdourahman and Edwards
[64].

3.8.1. Superoxide Dismutase Level
The resulted data of the efficiency of Nic/Cr+3 complex on the treat-

ment of diabetic rats recorded a non-significant decreasing for the con-
troller group, while, recorded a highly significant effect on the SOD
activity in comparisonwith the diabetic untreated group. It was record-
ed fromTable 5 that diabetic rats treatedwith STZ only afforded a highly
rats.

Groups SOD (U/mg) TAC% MDA (U/mg) GSH (U/mg)

Control group 3.52 ± 0.36ab 100.00 ± 1.01a 104.52 ± 4.63d 95.25 ± 4.15ab

Control diabetic 0.61 ± 0.17d 24.78 ± 5.96d 386.36 ± 6.57a 22.35 ± 1.95d

(STZ) + Nic 1.71 ± 0.25c 61.02 ± 5.87c 136.25 ± 4.87b 80.36 ± 3.96c

(STZ) +
Nic/Cr+3

3.15 ± 0.18b 92.36 ± 3.98b 113.42 ± 6.74cd 91.22 ± 3.85b

Meanswithin the same column in each category carrying different litters are significant at
(P ≤ 0.05) using Duncan's multiple range tests, where the highest mean value has symbol
(a) and decreasing in value were assigned alphabetically.
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decreasing in SOD with respect to control group. However, the diabetic
group treatedwith Nic afforded a considerable decrement in SOD activ-
ity comparable with controller group by 51.42%.

3.8.2. Effect on GSH%
Regarding to the effect of Nic and Nic/Cr+3 complexes on GSH con-

tent, diabetic untreated group afforded a high expressive decreasing
content of GSH with respect to controller group while given of Nic/
Cr+3 complex elicited a considerable increase in GSH content when
compared to diabetic rats by 75.49%, followed by diabetic group treated
withNic, but Nic/Cr+3 complex treated group elicited a non-respectable
decrement in GSH with respect to control group.

3.8.3. Effect on MDA%
Table 5 illustrates that administration of a single dose of STZ only

elicited a high expressing increase in MDA content by 72.94% with re-
spect to control rats while the diabetic group treated with Nic/Cr+3

complex induced non considerable increment in MDA content in com-
parison with controller group. On the other side, the Nic diabetic
group afforded a noticeable increment in MDA content as compared to
the control group.

3.8.4. Effect on TAC%
It was observed from Table 5 that given dose of STZ only to rats in-

duced a highly expressive decrease in TAC activitieswith respect to con-
trol group by 75.22%. Meanwhile, the administration of Nic/Cr+3

complex afforded expressive elevation in TAC activities with respect to
the diabetic untreated group while eliciting a slight decrease with re-
spect to control rats. While, the Nic diabetic group was exhibited a re-
spectable decline in TAC% activity with the comparable to controller
group. But diabetic group that recorded the highest TAC% value is the di-
abetic group treated with Nic/Cr+3 complex with respect to control
group and other diabetic groups.

3.9. Effect on Blood Glucose Level, Hb, HbA1c

3.9.1. Effect on Blood Glucose Level
The increased level of glucose, HbA1c and low level of insulin in di-

abetic group demonstrated the induction of diabetes by
streptozotocin-nicotinamide in rats. Alone, STZ (65 mg/kg) is the
cause of diabetes by the rapid depletion of β-cells of the pancreas [65].
Diabetes mellitus affects all individuals [66] and complexation of Cr+3

with Nic succeeded to a great extent in reducing blood glucose level
and this explain the important role of Cr+3 in decreasing blood glucose
level after complexation with Nic. Our results are reinforced and con-
firmed by Young et al. (2007), who clarified that Nic plays an essential
role during the disorders ofmetabolism; Nic appears to have a direct re-
lation with the pathways of metabolism that may lead to clinical cogni-
tive effects [67]. TreatmentwithNic can keep approximately the normal
fasting blood glucose with streptozotocin induced diabetes mellitus in
animal models [68]. But the new in our results that the combination of
Nicwith Cr+3 had greatly doubled its capacity in reducing blood glucose
level in comparison to diabetic group treated with Nic. The supplement
contains trivalent Chromium is needed for a personwith type 2 diabetes
mellitus, according to its important role in glucose metabolism [69] and
this is supported our results in case of combination between Nic with
Table 6
Effect of Nic and Nic/Cr+3 complexes on blood glucose level, Hb and HbA1c levels.

Groups Blood glucose level (mg/dL)

Control group 74.92 ± 7.50d

Control diabetic (STZ) 378.19 ± 30.52a

(STZ) + Nic 112.52 ± 6.97b

(STZ) + Nic/Cr+3 84.42 ± 10.84cd

Meanswithin the same column in each category carrying different litters are significant at (P ≤ 0
decreasing in value were assigned alphabetically.
Cr(III) ionswhich led to reducing theblood glucose level. Streptozotocin
induced diabetes by the generation of free radicals that is makemassive
reduction of insulin secretion in beta cells in the islets of Langerhans.
The antidiabetogenic effect of Nic may be due to an increase in the
pool size of NAD++ in beta cells. Damage and destruction of beta cells
may take place according to oxidative stress. Increasing of reactive oxy-
gen species in beta cells due to increasing the DNA breaking [70] and
this is a another concept that explain the great role of Cr+3 in reducing
blood glucose level in its combination with either Nic and the best re-
sults was recorded after complexation between Nic and Cr+3 as we re-
ported in our results, Thus Nic acts as a cellular protection against STZ
induced diabetic damage in Wistar rats. Our results coincide also with
Anderson (1998) [71] who reported that chromium (Cr3+) is a vital el-
ement for human. It is required for the maintenance of normal glucose
metabolism and this greatly in accordance with our results concerning
with the complexation between Chromium and nicotinamide as this
complex is greatly declined the level of blood glucose in diabetic rats rel-
atively near to the normal glucose level in control group. Our results
were compatible alsowithOffenbacher and Pi-Sunyer [72]. They report-
ed that the experiments now indicates that chromium level is a major
determinant of insulin sensitivity, as it functions as a cofactor in all insu-
lin regulating activities, Also, our results are supported by Baker [52].
The chromium ions facilitates insulin binding and subsequent uptake
of glucose into the cell. Supplemental chromium has been shown to de-
crease fasting glucose level, improve glucose tolerance, in normal, elder-
ly, and type 2 diabetic subjects. Without chromium insulin action is
blocked and glucose level is elevated Mooradian et al. [73]. A good sup-
ply of chromium in its safe dose is assured by supplemental chromium
as reported by Anderson et al. [74], because chromium appears to in-
crease the activity of the receptors of insulin receptor. All the previous
studies greatly supported our findings and explain the great success of
chromium in reducing the level of blood sugar in diabetic rats and
thus it's complexation with nicotinamide give more better results in
glucose level than nicotinamide only. Furthermore, our results were re-
inforced with Pozzolli et al. (1996) and Vissali et al. (1999) [75–76].
They revealed that nicotinamide appears to be most effective in newly
diagnosed diabetes. Study results have offered more support for the
idea that nicotinamide help to preserve β-cell vitality Pozzilli et al.
(1995) [77] than for its possible role in diabetes mellitus prevention
Kolb and Volker (1999) [78] and thus the new in our results is that
the complexation between chromium and nicotinamide has greatly im-
proved the antidiabetic properties of nicotinamide and greatly reduced
the blood glucose level in diabetic group treated with Nic/Cr+3 than
group treatedwith nicotinamide only. Our results are also in accordance
with Hariprasath et al. (2010) [79]. They revealed that somemetal com-
plexes have been used in medicine for centuries. Metal complexes play
essential role in pharmaceutical industry and in agriculture field. The
antidiabetogenic effect of nicotinamide may be due to an increase in
the pool size of NAD++ in β-cells. NAD++ is the principal metabolite
of nicotinamide. The pool size of NAD++ of beta cells in the pre diabetic
and diabetics is significantly reduced Kuhn et al. (2013) [80] and our re-
sults confirmed that the complexation between nicotinamide and chro-
mium has succeeded in reducing blood glucose level in diabetic rats
than nicotinamide only, i.e. Chromium enhanced the antidiabetogenic
activity of the nicotinamide. Our results coinci1de with Neuwahl
(1943) [81] who reported that the hypoglycemic action of nicotinic
Hb (g/dL) HbA1c (g/dL)

12.43 ± 0.95ab 7.10 ± 0.02d

8.04 ± 0.54d 9.58 ± 0.03a

10.70 ± 0.83c 8.51 ± 0.02b

12.25 ± 0.85b 7.25 ± 0.01cd

.05) using Duncan'smultiple range tests,where the highestmean value has symbol (a) and



Table 7
Effect of Nic and Nic/Cr+3 complexes on Hexokinase and the content of glycogen in nor-
mal and diabetic rats.

Groups Hexokinase (U/g protein)2 Glycogen (mg/100 g tissue)

Control group 152.52 ± 10.29ab 52.14 ± 1.46ab

Control diabetic 98.76 ± 5.43d 14.21 ± 1.52d

(STZ) + Nic 129.52 ± 10.51c 40.21 ± 2.05c

(STZ) + Nic/Cr+3 149.44 ± 8.14b 50.53 ± 1.67b

Means within the same column in each category carrying different litters are significant at
(P ≤ 0.05) using Duncan's multiple range tests, where the highest mean value has symbol
(a) and decreasing in value were assigned alphabetically.
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acid was also observed in normal human adults and this give another
support to our study and our new complex as it succeedsmore than nic-
otinamide only in reducing blood glucose level. Our finding also is rein-
forced by Gobell (1941) [82] who showed that in a study on children
who injected intravenouslywith 100mgof nicotinamide and the results
showed a continuous retardation in blood glucose level, averaging
21.3 mg. percent and this come in accordance with our results but our
results revealed that Nic/Cr+3 complexwasmore effective than nicotin-
amide only.

It was clear from Table 6 that blood glucose level increased in
streptozotocin treated animals with refereed to controller group. Treat-
ment with Nic for the diabetic rats afforded slight expressive increment
in the level of blood glucose as compared to diabetic rats, but the less
blood glucose level was recorded in the Nic/Cr+3 complex diabetic
treated group with as it showed a little elevation in blood glucose
level with 12.01% in comparison with the control rats.
3.9.2. Effect on Hb%
The noticeable elevation of insulin level in Nic/Cr+3 diabetic treated

groups caused by the excessive secretion of insulin from the β-cells of
pancreas and adversely. The diabetic group treatedwithNicwas record-
ed reduction in insulin level. Insulin generally enhances the anabolic
Scheme 2. The biological importance of p
effect of protein which may be responsible for the decreasing level of
Hb in diabetic animals [83].

The obtained results revealed that diabetic untreated group (STZ)
afforded a highly considerable decline in Hb content with respect to
the controller group as listed in Table 6. While, the diabetic rats treated
with Nic/Cr+3 elicited a no significant decreasing in Hb content in com-
parisonwith controller group.While, theNic diabetic treated groupwas
elicited a respectable decrement in Hb content when compared to the
control group.

3.9.3. Effect on HbA1c
In case of uncontrolled diabetes, the increasing in glycosylation

(HbA1c) led to increasing the number of protein of hemoglobin [84].
The level of glucose increased in case of diabetes due to the interaction
between blood and hemoglobin, so, the average of hemoglobin level de-
creased in diabetic rats [85]. In our study, the average of hemoglobin de-
creased in diabetic status and diabetic group treated with Nic alone
upon associated of HbA1c. It is important to refer that Nic/Cr+3 new
complex is prevent a significant increment in HbA1c in diabetic rats.
There are increasing the level of total hemoglobin and reduced glycated
hemoglobin in diabetic group due to improvement of glycemic control
using our new prepared complex. These data were good agreement
with Crinò et al. (2004), studies [51].

After 4 weeks post administration of STZ and other treatments, the
diabetic group induced a considerable increase in HbA1c with respect
to a normal control group accompanied by diabetic groups treated
with Nic and Nic/Cr+3 by 19.85, 2.06% in comparison with the control
rats.Whereas treatment of diabetic ratswithNic/Cr+3 afforded non-sig-
nificant increase in HbA1c with comparison with controller group and
so showing best results among other treatments Table 6.

3.10. Effect on Hexokinase and Glycogen Content

3.10.1. Effect on Hexokinase
The glucose metabolism enzymes are markedly altered during hy-

perglycemia in diabetic case. Hexokinase is the most key enzymes in
roposed chromium (III) compound.
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the catabolism of glucose [86,87]. The new Nic/Cr+3 complex has an
efficiency for the diabetic rats by reducing the levels of glucose in
blood and make enhancement for the activity of hexokinase which
led to increase glycolysis, thus increase the utilization of glucose
for energy production [87].

Treatment of diabetic rats with Nic/Cr+3 induced non expressive
decrease in Hexokinase level with comparison with the controller
group, while, administration of STZ only (diabetic with untreated
group) induced significant with highly decreasing in Hexokinase
limit in comparison with controller group and other diabetic groups
accompanied by treatment. The other diabetic treated group with
Nic elicited a respectable decline in Hexokinase level in respect to
control group Table 7.

3.10.2. Effect on Glycogen contents
STZ-Nic injection induced diabetesmellitus thatmay be due to β-cells

destruction [88], whereas we used STZ injection for induction of diabetes
mellitus. Excessive production of hepatic glycogenolysis, gluconeogenesis
and lowering the level of glucose utilization are the basic meaning of hy-
perglycemia in diabetics [89]. These findings are in agreement with our
results, as the level of Glycogen content, Hexokinase showed the less
value in diabetic untreated group and this confirmed the action of STZ
on pancreatic β-cells and also explain the important role of Cr+3 com-
plexeswithNic in increasing hexokinase level. The liver is an essential fac-
tor in buffering the postprandial hyperglycemia and plays a vital role in
the preparation of glycogen. Diabetesmellitus is known to cause a serious
damage to the normal vitality of the liver to synthesize glycogen [90]. Di-
abetic rats treatedwithNic/Cr+3 had normal levels of glycogen, due to in-
creased insulin secretion. Subsequently, due to a reduction in the
activities of diabetic rats gluconeogenic enzymes, the levels of insulin in-
creased significantly in diabetic rats treated with Nic/Cr+3 complex.

Our obtained data in Table 7 showed that the administration of Nic/
Cr+3 exhibited a non-significant decrease in Glycogen content in com-
parison with the control group while induction of STZ in its recom-
mended single dose elicited a highly significant decrease in Glycogen
content by 72.74% with respect to control group. Meanwhile, the other
Nic diabetic treated group elicited respectable decline in Glycogen con-
tentwith respect to the control group. The biological importance of pro-
posed chromium (III) compound can be summarized in Scheme 2.

4. Conclusion

The reaction between chromium (III) chloride with niacinamide
(Nic) in methanol solvent at the 60 °C produced new binuclear chromi-
um (III) niacinamide (Nic/Cr+3) compound with the chemical formula
[Cr2(Nic)(Cl)6(H2O)4]·H2O. The chelation between chromium (III)
chloride with niacinamide (Nic)(2:1) occurs through the nitrogen's of
both pyridine ring and primary amino group. The (Nic/Cr+3) compound
elicited a significant decrement in blood glucose and HbA1c in diabetic
rats. (Nic/Cr+3) compound ameliorated gluconeogenic enzymes as the
liver is an essential factor in buffering the postprandial hyperglycemia
and play a vital role in the synthesis of glycogen, Diabetic rats treated
with Nic/Cr+3 had liver glycogen brought back to near normal levels.
(Nic/Cr+3) compound improved and enhanced the antioxidant defense
capacities.
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