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A series of thiosemicarbazone–triazole hybrids 1a–h are efficiently synthesised and evaluated for their
influence on the expression of genes, cpt-1, acc-1 and pgc-1, which are essential in lipid metabolism.
The test results show that hybrids 1c and 1g exhibited relatively high influence on the expression of
cpt-1 and pgc-1 and suppression of acc-1 as desired.
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Obesity is a serious chronic disease that may lead to type 2 dia-
betes and insulin resistance.1 Impaired lipid metabolism and diet
(e.g., high calorie diet such as fast foods, fizzy drinks, beacon etc)
contribute significantly to lipid accumulation in the body. It is well
established that excess accumulation of lipids/fats in adipose and
intramuscular tissues results in obesity which predisposes individ-
uals to metabolic diseases such as type 2 diabetes.2,3 Lipid metab-
olism occurs mainly in the mitochondria and is controlled by a set
of mitochondrial enzymes responsible for both lipid oxidation and
synthesis. For instance, carnitine palmityol transferase (CPT)-1 en-
zyme encoded by cpt-1 gene controls the rate limiting step in the
mitochondrial lipid oxidation while, on the contrary, mitochon-
drial acetyl-CoA carboxylase (ACC)-1 enzyme encoded by acc-1
gene catalyzes lipid synthesis and accumulation by inhibiting
CPT-1. Literature reports have indicated that down-regulation of
ACC-1 and up-regulation of CPT-1 may result in increased oxida-
tive capacity of the mitochondria by reducing lipid accumulation
and obesity in adipocytes and myocytes.4–21 The essential roles
of ACC-1 and CPT-1 in regulating lipid synthesis and oxidation,
respectively, makes them important targets for the development
of effective therapeutic modalities that can treat or better manage
obesity and type 2 diabetes.
In our pursuit in the identification of novel hybrid compounds,
which comprise two or more drug pharmacophores in one mole-
cule with the intention to exert multi-drug action,22 we are inter-
ested in thiosemicarbazone and triazole hybrids and evaluation of
their biological activities. Thiosemicarbazones having several me-
tal binding sites possess a wide spectrum of biological activity
which includes antiviral,23 anticancer24 and antimalaria25 activities
probably mediated via chelation to intracellular cations. Equally
important are triazoles which can interact with biological targets
through hydrogen bonding and dipole interactions.26 Besides their
wide spectrum of biological activities,27–30 they have also exhib-
ited anti-obesity benefits.31 In this regard, our group has recently
reported the synthesis of novel thiosemicarbazone and triazole hy-
brids 1a–h (Fig. 1) and their antimalarial activity.32 Furthermore,
the anti-obesity activity of triazole derivatives and the bioisoster-
ism of thiosemicarbazones to metformin 2 (Fig. 1), an oral antidia-
betic drug which is believed to inactivate acc-1 inhibiting fatty acid
synthesis and stimulating fatty acid oxidation,33–35 prompted us to
investigate the synergic influence of the hybrids on the gene
expression of cpt-1 and suppression of acc-1. Herein, we report
the synthesis of thiosemicarbazone-triazole hybrids 1a–h and their
effect on the expression and suppression of the essential genes,
cpt-1 and acc-1, respectively.

The hybrids 1a–h were synthesized according to the recently
reported protocol as outlined in Scheme 1.32 The synthesis com-
menced with alkylation of commercially available 4-hydroxybenz-
aldehyde with propargyl bromide in the presence of K2CO3 to give
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Figure 1. The general structure of the thiosemicarbazone–triazole hybrids (1a–h)
and metformin (2).

Table 1
Synthesized thiosemicarbazone–triazole hybrids and their yields

Entry RNH2 Product Yield (%)

1 PhCH2NH2 1a 72
2 CH3CH2CH2CH2CH2NH2 1b 80
3 PhCH2CH2NH2 1c 74
4 (CH3)2NCH2CH2NH2 1d 78
5 HOCH2CH2CH2CH2CH2CH2NH2 1e 66
6 CH3CH2CH2CH2CH2CH2CH2CH2NH2 1f 85
7 CH3CH(CH3)CH2NH2 1g 70
8 HOCH2CH2NH2 1h 62

Figure 2. Cpt-1 gene expression in response to treatment with hybrids 1b–h.
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4 which incorporates an alkynyl group required for click chemistry.
Compound 4 was then subjected to click chemistry with freshly
prepared benzyl azide to provide 1,4-disubstituted triazole 5.
Methylhydrazinecarbodithioate 7, which was prepared in a one
pot synthesis from the condensation of hydrazine monohydrate,
CS2 and methyl iodide, reacted with triazole 5 under Schiff’s base
condensation reaction conditions to give compound 8. The latter
then underwent nucleophilic substitution reactions with a series
of primary amines to provide a library of hybrid compounds 1a–
h as shown in Table 1.

After successful synthesis, hybrids 1a–h were investigated for
their effect on cpt-1 gene expression on 3T3-L1 adipocytes using
quantitative real time PCR (qPCR).36 The expression of cpt-1 in rela-
tion to the test compounds was compared with that of insulin as a
standard drug that induces much of mitochondrial gene expression
including cpt-1. The results are reported in terms of expression ra-
tio and are summarized in Figure 2. Unfortunately, upon treatment
with 1a at different concentrations, the cells lifted from the plate
which might be due to toxicity, hence, they could not be used for
RNA extraction. Interestingly, similar responses were not observed
with the other hybrid compounds. It is evident from the data that
1b, 1c, 1d, 1e and 1g exhibited high expression of cpt-1 relative to
Scheme 1. Reagents and conditions: (i) K2CO3, propargyl bromide, acetone, reflux, 2.5 h
CS2, KOH, CH3I, H2O:isopropanol (1:1), rt, 4 h, 90%; (iv) 5, 7, MeOH, reflux, overnight, 89
insulin and the control. 1g showed a more pronounced increase
(fivefold of the insulin) followed by 1d and 1b with three and
two folds, respectively. On the contrary, 1f and 1h exhibited
suppression of cpt-1.

Hybrids 1b–h were further investigated if they can suppress the
acc-1 gene. Interestingly, all except 1h suppressed the acc-1
(Fig. 3). The effect of 1f was almost fourfold lower than that of
the control and insulin while 1c, 1d and 1g displayed a twofold
suppression.

The results suggest that 1c, 1d and 1g containing short
branched chain are potent stimulators of cpt-1 and inactivators
of acc-1. To investigate the consistency of 1c, 1d and 1g towards
pro-lipid oxidation, a further test was conducted. The gene selected
, 92%; (ii) BnN3, CuSO4�5H2O, sodium ascorbate, DMF:H2O (4:1), 60 �C, 3 h, 80%; (iii)
%; (v) RNH2, MeOH, reflux, 24 h, 62–85%.



Figure 3. Acc-1 gene suppression in response to treatment with hybrids 1b–h.

Figure 4. Pgc-1 gene expression in response to treatment with hybrids 1b–h.
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for this test was the peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (pgc-1). It is a promiscuous regulator
of many genes involved in metabolism of lipids in the mitochon-
dria.2,37 Up-regulation of pgc-1 is reported to enhance lipid
oxidation.2,37

Assay results of the hybrids on pgc-1 showed that all except 1d
and 1h stimulated higher expression than the control (Fig. 4) with
1e,1f and 1g even stimulating more than insulin. As shown from
the results, 1c and 1g exhibited the desired effects on the 3 genes
consistently while 1d was found to be inconsistent with regards to
pgc-1.

The higher stimulating effect of 1g compared to 1c coupled with
the relatively better potency of 1c to 1d, suggests that the presence
of a non-polar short branched chain of the amine moiety might be
important in the up-regulation of oxidative (cpt-1 and pgc-1) and
down-regulation of lipid accumulating (acc-1) genes.

In conclusion, a series of thiosemicarbazone-triazole hybrids
were evaluated for their effect on acc-1, cpt-1 and pgc-1. The results
showed that 1g followed by 1c had the desired influence on the
mitochondrial lipid metabolizing genes, cpt-1, acc-1 and pgc-1.
We are currently synthesizing analogues of 1g for structural activ-
ity relationship studies and comparison with metformin in order to
obtain a more potent potential agent as well as to study the mode
of action of the respective agents.
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expression was normalized to actin reference gene and calculated according to
relative standard method. The primers used for qPCR are as follows: (1). Acc-1
Forward-TGC CTA TGA ACT CAA CAG CG; Acc-1 Reverse-ACA TTC TGT TTAGCG
TGG GG; Cpt-1 Forward-CCA GGC TAC AGT GGG ACA TT; Cpt-1 Reverse-GAA
CTT GCC CAT GTC CTT GT; Pgc-1 Forward-CAT TTG ATG CAC TGA CAG ATG GA;
Pgc-1 Reverse-CCG TCA GGC ATG GAG GAA; Actin Forward-GAG ACC TTC AAC
ACC CCA GCC; Actin Reverse-GGAGAGCATAGCCCTCGTAG.
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