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ABSTRACT
Objective: The paradigm was to establish phenyl and ortho-hydroxy phenyl-linked imidazolyl triazolo hydroxamic acid derivatives as an
antihyperglycemic agent.

Methods: 100 mg/Kg body weight dose of phenyl and ortho-hydroxy Phenyl linked Imidazolyl triazolo Hydroxamic Acid derivatives (FP1-FP12)
and standard glibenclamide were administered per os (p. o.) in the streptozotocin-induced hyperglycemic rats by glucose oxidase-peroxidase
method and statistically evaluated by one-way analysis of variance.

Results: FP3 was potent as compare to standard glibenclamide (P<0.05-0.001) and FP6, FP9, and FP4 were also effective as an antihyperglycemic
agent. The activity profile of the molecule was as follows FP9<FP10<FP4<FP6<FP12<FP3. This study reflects that presence of para methoxy phenyl
group linked with phenyl group in surface recognition portion and imidazolyl triazole group in linker portion associated with a sulfamethyl
hydroxamic acid group in metal identifying the part in case of FP3 was resemble for antihyperglycemic activity.
Conclusion: It was concluded that compounds possessing electron releasing groups on the aromatic rings in the surface recognition part
considerably enhanced the antihyperglycemic activity.
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INTRODUCTION

MATERIALS AND METHODS

HDACI (Histone Deacetylase Inhibitor) was associated with cell cycle
arrest and create obstruction related to the transcriptional resolution of
p21WAF1/CIP1 (cycling-subordinate kinase inhibitor 1 or CDKcooperating protein), p27KIP1 (a cell cycle administrative protein that
connects with cycling-CDK2 and CDK4, repressing the cell cycle
movement at G1 phase), GADD45 (development capture and DNA
harm), restraint of cyclin A, cyclin D, and thymidylate synthetase [1-2].
Synthesized molecules (FP1-FP12) was possessed with imidazolyl-1,2,4triazole group amalgamated with a hydroxamic acid group in the
terminal position and phenyl/ortho hydroxyl phenyl group in the
receptor surface recognition portion, consideration of standard structure
SAHA (Suberoyl Anilide Hydroxamic Acid) [3] (fig. 1). The previous
study reflects that synthesized molecules (FP1-FP12) showed good
HDAC inhibition and MCF-7 cell line inhibition[4], DPPH radical
scavenging activity, anti-inflammatory and analgesic activity and brine
shrimp lethality assay, antimicrobial and antifungal activity [5-6]. In this
article, the anti-hyperglycemic activity of the synthesized molecules
(FP1-FP12) was evaluated in streptozotocin-induced hyperglycemic rats.
There was structural similarity of synthesized molecules (FP1-FP12) and
glimepiride, glibenclamide as both structures contains–NH-C=O-NH-and
imidazole group and 1,2, 4–triazole moiety in sitagliptin was similar with
linker portion of FP1-FP12 due to containing the imidazolyl-triazole
group. So, this data encourage us to perform an anti-hyperglycemic
activity of the synthesized molecule.

Chemicals

Fig. 1: Structure of basic pharmacophore of SAHA and
synthesized HDAC inhibitor

Streptozotocin was purchased from Sisco Research Laboratories Ltd,
Andheri Mumbai, India. The standard drug glibenclamide was
procured from Cadila Pharmaceuticals Limited, Ahmedabad, India.
Synthesis

The synthesis of hydroxamic acid derivatives (FP1-FP12) were
previously done by fusion of 2-chloro-N-hydroxyacetamide with 2[(4-amino-3-phenyl/3-(2-hydroxyphenyl)-4H-1, 2, 4-triazol-5-yl)
sulfanyl]-N-hydroxyacetamide (by Reid-Hindel Process) and in final
step in presence of pyridine and zeolite, 2-[[(3-substituted phenyl[4-{(4-(substituted phenyl) ethylidine-2-Phenyl-1,3-Imidazol-5One}] (-4H-1,2,4-triazol-5-yl) sulfanyl]-N-hydroxyacetamide was
synthesized (fig. 2). All characterizations of the chemical structure
were done by 1H NMR, FTIR and Mass spectrometric data [4].
Animals

Wistar albino rats of either gender weighing 130–170 g were
obtained from Sri Guru Ram Rai Institute of Technology and
Science (SGRRITS), Patel Nagar, Dehradun [264/PO/ReBi/
S/02/CPCSEA]. The animals were divided into several groups of
six animals each. All the animals were kept under a standard
ambient environment of temperature (22±3 °C) and relative
humidity of 50±5%. Although the relative humidity should be at
least 30% and preferably not exceed 70% other than during room
cleaning the aim should be 50-60%. Artificial lights were used with
12 h light and 12 h dark sequence. Animals may be group-caged by
dose, but the number of animals per cage must not interfere with
clear observations of each animal. Institutional Animal Ethical
Committee (IAEC) as constituted by CPSCEA has given approval
for all experimental procedures and protocols used in this study
(IAEC, Reg. No.273/CPCSEA).
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Fig. 2: General procedure to synthesize FP1-FP12
Preparation of test compounds
Synthesized molecules (FP1-FP12) and standard drug glibenclamide
were prepared as a suspension in 1% v/v tween 80. Control group
was administrated with 0.1 ml of tween 80 suspensions orally.
Acute toxicity study

The acute toxicity study was carried out as per OECD guidelines to
calculate the successful dose of the test compounds. Wistar albino
rats of either sex weighing between 130–170 g were divided into
several groups with 6 animals in each group. Animals were starved
for 12 h before the experiment. Those test animals died during the
test should be contingent to necropsy. On the day of the experiment,
animals were treated with sample molecules to different groups in
an increasing order of 10, 50, 100, 250, 500 and 1000 mg/kg body
weight by oral feeding. As per this oral toxicity experiment, it was
detected that in the highest dose of 1000 mg/kg body weight, all test
animals were found to be safe. So, 1/10th of the highest tolerated
dose, 100 mg/kg body weight was chosen for antihyperglycemic
activity [7].
Experimental design

Antihyperglycemic activity of synthetic hydroxamic acid derivatives
(FP1-FP12) was assessed in normal and streptozotocin-induced
hyperglycemic rats. In during the experiment, animals fasted for
overnight long 16 h period with the free environment of water
intake [8].
Induction of experimental hyperglycemia

Streptozotocin (STZ) was dissolved in cold citrate buffer (pH 4.5)
and nicotinamide was dissolved in normal physiological saline
solution (0.9% w/v sodium chloride solution). Hyperglycemia was
induced by 65 mg/kg intraperitoneal injection in overnight fasted
rats, then after 15 min intraperitoneal administration of 110 mg/kg
of nicotinamide. An elevated plasma glucose level indicates
hyperglycemia after seven days of induction. Animals with blood
glucose concentrations more than 200 mg/dL were used for the
study [9].

Acute hypoglycemic effect of synthesized hydroxamic acid
derivatives (FP1-FP12) on normoglycemic rats
Acute hypoglycemia study was performed in overnight fasted
normal rats. Normal rats were divided into fourteen groups, each
consisting of six rats. Group, 1 was controlling animals administered
with an equal volume of water. Group 2 to group 13 was treated
orally with the suspension of (FP1-FP12) at a dose of 100 mg/kg, per
os and group 14 (positive control) was treated with standard
glibenclamide (600µg/kg) [10]. A blood sample was withdrawn from
the retro-orbital plexus at 0 h, 2 h, 4 h, 6 h, 8 h, 24 h of glucose
administration and blood glucose levels were estimated within 1 h,
by glucose oxidase-peroxidase method [11].

Effect of synthesized hydroxamic acid derivatives (FP1-FP12)
on streptozotocin-induced hyperglycemic rats
The rats were divided into fifteen groups of six rats in each group:
Group 1: Normal rats treated with vehicle alone (1% tween 80, 1 ml
per orally); Group 2: Hyperglycemic rats treated with vehicle alone
(1% tween 80, 1 ml per orally); Group 3: Hyperglycemic rats treated
with FP1 at the dose 100 mg/kg. Group 4: Hyperglycemic rats
treated with FP2 at the dose 100 mg/kg. Group 5: Hyperglycemic
rats treated with FP3 at the dose 100 mg/kg. Group 6:
Hyperglycemic rats treated with FP4 at the dose 100 mg/kg. Group
7: Hyperglycemic rats treated with FP5 at the dose 100 mg/kg.
Group 8: Hyperglycemic rats treated with FP6 at the dose 100
mg/kg. Group 9: Hyperglycemic rats treated with FP7 at the dose
100 mg/kg. Group 10: Hyperglycemic rats treated with FP8 at the
dose 100 mg/kg. Group 11: Hyperglycemic rats treated with FP9 at
the dose 100 mg/kg. Group 12: Hyperglycemic rats treated with
FP10 at the dose 100 mg/kg. Group 13: Hyperglycemic rats treated
with FP11 at the dose 100 mg/kg. Group 14: Hyperglycemic rats
treated with FP12 at the dose 100 mg/kg. Group 15: Hyperglycemic
rats treated with Glibenclamide at the dose of 600µg/kg. 0.1 ml of
halothane anaesthetic agent was administered in the shaved portion
of the abdomen. A blood sample was withdrawn from the retroorbital plexus at 0 h, 2 h, 4 h, 6 h, 8 h, 24 h of glucose administration
and blood glucose levels were estimated within 1 h, by glucose
oxidase-peroxidase method [12-13].
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Statistical analysis
The result of antihyperglycemic activity was expressed as
mean±SEM and was statistically validated using one-way analysis of
variance (ANOVA) followed by Dunnett’s𝑡𝑡-test. The probability value
with 0.05 or less was considered statistically significant. Statistical
analysis was performed by Graph Pad Prism software version 5.01,
Graph Pad Software Inc. USA.
RESULTS

Acute oral toxicity study
In acute toxicity study, synthesized molecules (FP1-FP12) treated
animals did not show any change in their behavioural pattern. There
was no significant difference in the body weights and food intake as
compared to the vehicle-treated group. The test animals were
observed continuously for 3 h for any behavioural and autonomic
profiles, after that check for every 30 min for next 4 h and finally for
next 24 h or till death. As per this oral toxicity experiment, it was
detected that in the highest dose of 1000 mg/kg body weight, all test
animals were found to be safe [14].
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Acute hypoglycemic effect of synthesized hydroxamic acid
derivatives (FP1-FP12) on normoglycemic rats
The effect of synthesized molecules (FP1-FP12) on normal fasted rats
was shown in (fig. 3). In normoglycemic rats, all synthesized molecules
(FP1-FP12) were statistically significant with the P value less than
0.001 from control except FP1. Among the samples, FP9 showed better
effect as 72.57 mg/dL, 72.14 mg/dL, 71.91 mg/dL, 71.82 mg/dL, 71.78
mg/dL, 71.99 mg/dL after 0 h, 2 h, 4 h, 6 h, 8 h, 24 h respectively; FP10
showed slightly less effective than FP9 as 73.73 mg/dl, 73.59 mg/dL,
73.41 mg/dL, 72.37 mg/dL, 72.28 mg/dL, 72.36 mg/dL after 0 h, 2 h, 4
h, 6 h, 8 h, 24 h respectively; FP4 showed slightly less effective than
FP10 as 73.81 mg/dL, 73.49 mg/dL, 73.11 mg/dL, 72.87 mg/dL, 72.37
mg/dL, 72.98 mg/dL after 0 h, 2 h, 4 h, 6 h, 8 h, 24 h respectively
whereas standard Glibenclamide showed 76.27 mg/dL, 72.87 mg/dL,
69.24 mg/dL, 66.57 mg/dL, 63.21 mg/dL, 60.05 mg/dL after 0 h, 2 h, 4
h, 6 h, 8 h, 24 h. The activity diagram of acute hypoglycemic effect in
the case of normoglycemic rats was FP1<FP5<FP2<FP7<FP11.
However, the rats treated with synthesized molecules (FP1-FP12) and
glibenclamide were showed a marked reduction in blood glucose
levels [15-16].

Fig. 3: Acute hypoglycemic effect of synthesized hydroxamic acid derivatives (FP1-FP12) on normoglycemic rats (n=6). mean±SD
Effect of synthesized hydroxamic acid derivatives (FP1-FP12)
on streptozotocin-induced hyperglycemic rats
Administration of FP1-FP12 on Streptozotocin-induced hyperglycemic
rats showed a marked reduction in serum glucose level after 2 h, 4 h, 6,
8 h and 24 h interval and all data was shown in (table 1). In
streptozotocin-induced rats, FP6 and FP9 were statistically significant
with the P value less than 0.05 from control. Among the samples, FP9
showed better effect as 424.8 mg/dL, 386.7 mg/dL, 297.2 mg/dL,
246.7 mg/dL, 198 mg/dl, 152.2 mg/dl after 0 h, 2 h, 4 h, 6 h, 8 h, 24 h
respectively; FP6 showed slightly less effective than FP9 as 326.6
mg/dl, 308.7 mg/dl, 289.7 mg/mg/dl, 273.8 mg/dl, 257.3 mg/dl, 234.8

mg/dl after 0 h, 2 h, 4 h, 6 h, 8 h, 24 h respectively; FP4 showed slightly
less effective than FP6 as 355.8 mg/dl, 316.7 mg/dl, 227.3 mg/dl,
182.3 mg/dl, 178.4 mg/dl, 145.5 mg/dl after 0 h, 2 h, 4 h, 6 h, 8 h, 24 h
respectively whereas standard glibenclamide showed 210.5 mg/dl,
179.8 mg/dl, 189.3 mg/dl, 221.3 mg/dl, 178.8 mg/dl, 158.6 mg/dl
after 0 h, 2 h, 4 h, 6 h, 8 h, 24 h. The activity diagram of the effect of
synthesized molecules on streptozotocin-induced rats was
FP9<FP10<FP4<FP6<FP12<FP3. The antihyperglycemic activity of
most of the molecules was active mostly at 4 h interval. However, the
rats treated with synthesized molecules (FP1-FP12) and
Glibenclamide were showed a marked reduction in blood glucose
levels in case of streptozotocin-induced hyperglycemic rats [17-19].

Table 1: Effect of synthesized hydroxamic acid derivatives (FP1-FP12) on streptozotocin induced hyperglycemic rats (n=6)

Treatment
Normal Control
FP1
FP2
FP3
FP4
FP5
FP6*
FP7
FP8
FP9*
FP10
FP11
FP12
Glibenclamide

Mean blood glucose concentration (mg/dl)±SEM
0h
2h
4h
205.2±1.34
198.4±1.78
188.8±1.69
224.5±1.32
246.2±1.49
227.7±1.25
264.7±1.77
248.2±1.35
217.4±1.46
296.7±1.38
278.8±1.29
275.2±1.57
355.8±1.84
316.7±1.28
227.3±1.25
238.5±1.28
228.6±1.27
217.2±1.16
326.6±1.28
308.7±1.78
289.7±1.42
238.2±1.12
226.4±1.11
212.8±1.13
278.2±1.12
252.5±1.42
223.4±1.03
424.8±1.88
386.7±1.92
297.2±1.32
372.8±1.12
346.1±1.42
207.1±1.14
249.2±1.28
238.1±1.42
212.4±1.58
324.8±1.27
297.8±1.62
272.8±1.62
210.5±1.75
179.8±1.19
189.3±1.82

Note: *𝑃𝑃<0.05 significant from control. mean±SD.

6h
178.8±0.89
194.6±1.89
184.8±1.63
224.2±1.53
182.3±1.45
202.3±1.21
273.8±0.79
202.2±0.66
196.2±1.21
246.7±1.15
184.2±1.24
197.1±0.82
244.6±1.04
221.3±1.67

8h
161.2±2.82
172.1±1.39
178.4±1.82
198.3±1.27
178.4±1.27
194.4±1.54
257.3±1.52
189.2±1.45
163.5±1.23
198.5±1.49
167.3±1.07
192.5±1.43
192.4±1.30
178.8±1.17

24 h
154.3±2.25
179.7±1.89
168.4±1.37
174.5±1.62
145.5±1.21
182.6±1.12
234.8±1.48
165.1±1.10
153.7±0.83
152.2±0.98
149.2±1.94
188.7±1.42
153.8±1.21
158.6±1.54
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DISCUSSION
Management of hyperglycemia without side effect is still a challenge
for pharmaceutical development. This has led to an increasing
demand for the synthetic molecule with antihyperglycemic activity
and fewer side effects. Hyperglycemic subjects display more changes
in dynamics of insulin secretion, such as blunting of the first phase
insulin secretion and disruption of the insulin secretory pulses. STZ
[2-deoxy-2-(3-methyl-3-nitrosoureido)-D-glucopyranose] is an
antibiotic that is used to induce experimental hyperglycemia in
animals [20-22]. STZ-induced hyperglycemia may be due to vitiate
glucose oxidation and reduction of insulin biosynthesis and
secretion. The toxicity of STZ is due to DNA alkylation of its methyl
nitrosourea moiety, mainly O at 6 position of guanine. The transfer
of methyl group from STZ to the DNA molecule causes damage which
results in fragmentation of DNA and functional defects of the beta
cells. Moreover, STZ has potential to act as an intracellular nitric
oxide (NO) donor and generates reactive oxygen species (ROS). The
synergistic action of both NO and ROS may also contribute to DNA
fragmentation and other deleterious changes caused by STZ [23-24].
Hydroxamic acid derivatives are versatile with pharmacological
activity as anti-HDAC, anti-cancer against various cell line as MCF_7,
HeLa carcinoma, anti-inflammatory, analgesic, so it may act as
antihyperglycemic agent. In normoglycemic rats, FP9, FP10, FP4 are
effective as compare to standard Glibenclamide. r2 and F value in
acute hypoglycemic activity on normoglycemic rats are 0.8938, 42
and P value less than 0.001. In the case of streptozotocin-induced
hyperglycemic rats, FP9, FP6, FP4 showed good antihyperglycemic
activity as standard glibenclamide. r2 and F value in acute
hypoglycemic activity on normoglycemic rats are 0.2536, 1.856 and
the P value less than 0.05 [25-26]. STZ-induced hyperglycemia was
characterized by a severe loss of body weight [27]. The decrease in
body weight in hyperglycemic rats showed that the loss or
degradation of structural proteins. Structural proteins are
contributed to body weight. When hyperglycemic rats were treated
with synthesized hydroxamic acid derivatives (FP1-FP12), the
weight loss was reversed. The capability of FP1-FP12 is to protect
the body from weight loss as a result of to reduce hyperglycemia.
The outcomes of this study showed that synthesized hydroxamic
acid derivatives (FP1-FP12) have a hypoglycemic effect in
streptozotocin-induced diabetic rats [28-38]. The antihyperglycemic
effects of FP1-FP12 may be mediated through an increase in insulin
secretion, the inhibition of gluconeogenesis and glycogenolysis
and/or protection of pancreatic β-cells from streptozotocin and
glucose-induced oxidative stress.
CONCLUSION

It was concluded that the compounds possessing electron releasing
groups on the aromatic rings in the surface recognition part
considerably enhanced the antihyperglycemic activity. This study
refers that hydroxamic acid derivatives not only target chromatin
remodeling associated with cancer but also effective against
diabetes mellitus.
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