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ABSTRACT

The new TZD derivatives prepared (ifel, A2, A5, B2, C1 and D1) were screened in vivo for acute oral toxicity
study for the doses of 30 and 100 mg/kg in Wistes and were found to be safe as they did not stigmireatment
related adverse effects. So these six derivativa® wvaluated for antidiabetic activity using theperimental
model of diabetes induced by alloxan in rats foutacas well as subacute stutllye results of the study revealed
that most of the compounds tested showed modergtmotl antidiabetic activityThe compoun@1 was found to be
the most active in all synthesizeasimpounds which have nearly similar glucose lowgsntivity as that o$tandard
drugs i.e. metformin and pioglitazone at dose df ff@)/kg of bodweight.

Keywords: Thiazolidinediones, alloxan, antidibetic activity

INTRODUCTION

Present work is approved by the IAEC under the tiynthesis & Bioogical Evaluation of Thizolidinede
derivatives for Antidiabetic Activity” at S.M.B.TCollege of Pharmacy, Nashik. Thiazolidinediones enole has
basic pharmacophore which shows wide range of Pdological Activity like Antidiabetic, Anticancer,
Antimicrobial, and Anti-inflammatory, this reviewaper shows different derivatives & biological aittivof
thiazolidinedione[1]. Thiazolidinediones acts byding to PPARs (Peroxisome Proliferator Activatesc&otors)
[2], a group of receptor molecule inside the celtleus. The normal ligands for PPAR receptor age fatty acids
& eicosanoids. PPARs have been identified in thieens: alpha, gamma and delta[3]. Thiazolidinedfone
derivatives synthesized as per ref.[4] an perforamde toxicity studies & antidibetic activity.

MATERIALS AND METHODS

1.1. Experimental
The melting points were determined by open cup lleapi method and are uncorrected. TLC analyses were
performed on glass plates using silica gel G60 spats were visualized either by ultraviolet light ly iodine
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vapours. IR spectra were recorded as KBr pelletgiguJASCO 4100 FTIR spectrophotometer. 1H-NMR were

obtained with BRUKER AVANCE Il 400 NMR spectrometand are reported as parts per million (ppm) doslafi
to TMS. A mass spectrum was recorded on PRA-O-386Twrbo Spray mass spectrometer.
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1.1.1. Synthesis of 2,4-thiazolidinedione (1)[4,5,8 : As per references.
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1.1.2. Synthesis of 5-substituted-2,4-thiazolidinézhe (11) [4,5,8,9] : As per references.
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1.1.3. Synthesis of Thiosemicarbazide[4,10]As per reference.
OH (o]
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Scheme S: Synthesis of D1 D1

1.1.4. Synthesis of 4-[(E)-(2,4-dioxo-1,3-thiazoiiut5-ylidene) methyl]-2-methoxyphenyl ethyl carbonge (A1)
and 4-[(E)-(2,4-dioxo-1,3-thiazolidin-5-ylidene)médtyl]phenyl ethyl carbonate (B1)[4,1]1

As per ref.[2] G4H13NOgS;Yield: 95 %; m.p.: 200-202 °C; TLC- Benzene:Ethgétate (8:2), Rf value: 0.72. IR cm-
1: Imide C=0O str.(1705,1756); ester C=0 str.(1786)0-C (ether) str. (1262,1216); =C-H str.(2995):HN
str.(3223); C-N str.(1302); C-S str.(679); Aro. C=@.(1547). 1H NMR & ppm, DMSO): 1.27(t,3H,CH3);
2.58(s,DMSO); 3.91(s,3H,0GH 4.52(q,2H,CH2); 7.11-7.75 (m,3H,Aro. CH); 7.9B{CH-benzylidene);
11.76(s,H,N-H of TZD).

1.1.5. General Procedure for synthesis of 4-[(E)-(2dioxo-1,3-thiazolidin-5-ylidene) methyl]-2-
methoxyphenyl 2-carbamothioylhydrazinecarboxylate(A&) and 4-[(E)-(2,4-dioxo-1,3-thiazolidin-5-
ylidene)methyl]-2-methoxyphenyl 2-carbamoylhydraziecarboxylate (A3)[12]:

As per ref.[2] GsH12N4OsS,; Yield: 65%; m.p.: 218-220°C; TLC- Benzene:Ethgktate (8:2), Rf value: 0.57. IR
cm-1: Imide C=0 str.(1608,1705); Ar-O-C=0 str.(1Y,46-O-C (ether) str.(1266, 1300); =C-H str.(299BH,
str.(3459); N-H str.(3219, 3423); NHCS-NH str.(1169); C=S str.(1369); C-S str. (683FC str. (1518). 1H NMR
(6 ppm, DMSO): 3.90(s,3H,OCGH 2.59 (s,DMSO); 7.10-7.66(m,3H,Aro. CH); 7.73(H-
benzylidene);8.64(s,2H,Nf§ 10.05-10.38 (m,2H,NH of TSC group); 12.31(s,H,NHTZD).

4-[(E)-(2,4-dioxo-1,3-thiazolidin-5-ylidene)methyl2-methoxyphenyl-2-carbamoyl-hydrazinecarboxylate(®):
C13H1oN4O6S,; Yield: 60%; m.p.: 174-176°C; TLC- Benzene:Ethgktate (8:2), Rf value: 0.34. IR cm-1: Imide
C=0 str.(1608, 1704); Ar-O-C=0 str.(1745); NB=0O (1517); C-O-C(ether) str.(1262, 1302); =C-(8072);
NH; str.(3463); N-H str.(3226, 3419); NKLS-NH str.(1172); C=S str.(1369); C-S str. (68@)p. C-H str. (2997).

1.1.6. General Procedure for synthesis of ethyl {{E)-(2,4-dioxo-1,3-thiazolidin-5-ylidene) methyl]2-
methoxyphenoxy}acetate (A4) and ethyl {4-[(E)-(2,4loxo-1,3-thiazolidin-5-ylidene)methyl]phenoxy}acedte
(B2)[13]:

As per ref.[2] GsH1sNOgS; Yield:82%; m.p.: 114-116°C; TLC- Benzene:Ethgétate (8:2), Rf value: 0.89. IR cm-
1: Imide C=0 str.(1730, 1689);ester C=0 str.(1766)0Q-C(ether) str.(1226, 1261); =C-H str.(2990);HN-
str.(3445); C-S str. (670).

1.1.6.1. Ethyl-{4-[(E)-(2,4-dioxo-1,3-thiazolidin-5-ylidene)methyl]phenoxy}lacetate(B2): Ci4H13NOsS; Yield:79%;
m.p.: 148-150°C; TLC- Benzene:Ethyl acetate (&2)value: 0.8. IR cm-1: Imide C=0 str.(1670, 17243ter C=0
(1751); Aro. C=C str.(1509); C-S str. (686); alkAH str.(2948); Aro. C-H str.(2995); N-H str. (3454

1.1.7. Synthesis of 2-{[(5E)-5-(4-hydroxy-3-methoXenzylidene)-2,4-dioxo-1,3-thiazolidin-3-yllmethyl}
hydrazine carbothioamide(A5)[14] :

As per ref.[2] C13H14N40,S,; Yield: 76%; m.p.: 202-204°C; TLC- Benzene:Ethgktate (8:2), Rf value: 0.64. IR
cm-1: Imide C=0 str.(1690,1734); C-O-C (ether)(&#81); =C-H str.(3056); Aro. C=C str.(1514); Nbktr.(3451);
NH, ben.(1591); NH ben.(1514); NH-CS-NI{1149); C=S str.(1213); Ali.C-N str.(1033), C-$.$686);alkyl C-H
str.(2776); Aro. C-H str.(2929). 1H NMR (ppm, DMSO): 3.87(s,3H,O0CGH 2.55(s,DMSO0); 4.21(d,2H,GiH
6.91-7.05(m,3H, Aro. CH); 7.67(s,H,CH- benzylider&p3-8.29(m,4H,NH and Ntof TSC gr.);9.80 (s,H,OH).
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1.1.8. General Procedure for synthesis of N'-{4-[(E(2,4-dioxo-1,3-thiazolidin-5-ylidene)methyl]pheni}-
N,Ndimethylimidodicarbonimidic diamide(C1) and 2-{4[(E)-(2,4-dioxo-1,3-thiazolidin-5-ylidene)methyl]
phenyl}thydrazinecarbothioamide (C2)[15] :

As per ref.[2] G4H1NsO,S; Yield: 67%; m.p.: 250-252°C; TLC- Benzene:Ethgktate (8:2), Rf value: 0.19. IR
cm-Imide C=0 str.(1670,1617); =C-H str.(2954); AsC str.(1547); =NH str.(3352); NH str. (3174); NH
ben.(1489);Ali.C-N str.(1227); Aro.C-N(1310); C-8.9676); alkyl C-H str.(2847); Aro.C-H str.(2923)H NMR

(6 ppm, DMSO): 2.54 (s,6H,2CH3); 3.38-4.09(m,4H,NHdanNH); 7.39-7.51(m,4H, Aro.CH); 8.15(s,H,CH-
benzylidene); 11.46 (s,H,N-H of TZD); MS: m/z : (&)+ = 330.3.

1.1.9. Synthesis of (5E)-5-{[5-(chloromethyl)furar2-yllmethylidene}-1,3-thiazolidine-2,4-dione (D1) :
As per ref.[2] GHeCINO;S; Yield: 85%; m.p.:>250°C; TLC- Benzene:Ethyl atet(8:2), Rf value: 0.48. IR cm-1:
Imide C=0 str.(1741,1705); =C-H str.(2923); C-S &65); alkyl C-H str. (2853); Furan ring skeletd®95); C-Cl
str. (777); C-H of Furan (1011), N-H str.(3447). NMR (6 ppm, DMSO): 3.37(s,2H,CH2); 2.66(s,DMSO); 7.23
(d,H,CH); 7.66(d,H,CH); 8.10(s,H,CH Benzylidene{;, 48(s,H,NH of TZD).

RESULTS AND DISCUSSION
Al A2 A5 B2 C1 D1compounds were subjected for the screening faleamal toxicity and antidiabetic activity.

Table nol: Novel Compounds Screened for Acute Ordloxicity and Antidiabetic activity

Sr. No. | Comp. Code Structure PASS Predictiorf16]
O. OEt
1. Al ) o 0.830
Oﬁ\s N OCH,
I
oO S o
2, A2 H’”T“‘u X, ) & 0.779
S )S\\
o H
3. A5 HO(F(‘;*“N\/N\N NH, 0.602
00H3O "

[e)
HN—° O, -
4. B2 Y tko 0.589
HN
)\\T— 0.905

s

6. D1 o N)§O 0.814
NH NE

7. | Metformin \JJ\H)J\NHI 0.656

—2Z

/
o e
8. | Pioglitazone \Nl O@’ggNH 0.975

I) Acute Oral Toxicity:

The experiments were carried out on normal healtty for acute toxicity studies. The novel compaumgre
tested for dose of 30 and 100 mg/kg of body weight animals were observed for 48 hrs for any safrascute
toxicity such as increased or decreased motoriggtisonvulsions, skin changes, salivation andifaation. No
mortality of the animals was observed even afteh#3 The behaviour of the treated rats appearesalcand no
toxic effects were seen even with the dose of 1§kghof body weight. The body weight was normalnkke the
dose of 100 mg/kg was considered as safe dosesauifor evaluation of antidiabetic activity.

I) Antidiabetic activity: The effects of the new TZD derivatives preparedewscreenedn vivo using the
experimental model of diabetes induced by alloxarats. Hyperglycemia was induced by alloxan modoatg at
dose of 120 mg/kg, i.p. The biological activity waxgaluated for acute response and subacute respathsdaily
doses of 100 mg/kg/day, administered orally fordb§s of treatment, and specific reduction in lewal$Blood
Glucose was measured at various time intervalscantpared with‘0’ hr BGL of respective group. Metfin and
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pioglitazone were used as reference drugs at dufs#80 mg/kg/day. Statistical comparisons betwdmndroups
were performed on all the groups using two-way ANO&hd Dunnet’'s multiple comparison test on Grapld Pa
Prism 4.0 software for Windows [17Jl the compounds showed remarkable hypoglycemiiviag however with

a degree of variation and time. Blood glucose ckarnig treatment of diabetic ratsth synthesized TZD derivatives
are presented ifable no.2 &3. Oral administration of compoundsl, A2, A5, B2, Cland D1 (100 mg/kg)
reduced blood glucose level in diabetic rats aousrtime intervals.

Table No.2 :Hypoglycemic effects of synthesized test compoun(cute study)

Blood Glucose Level (mg/dl)
Treatment 0 hr 3hr 6 hr 2ahr

Metformin 441.8418.7 | 399.4+17.7*** 289.4+18.4** 219.6+18.4**
Pioglitazone 402.2+28.7 363.4+26.08 | 302.4+26.87** | 232.2+20.58**
Al 362+22.04 330.4+22.19 303.6+23.19 269.8+23.623*

A2 376.4+21.00| 342.8+21.58 315.2+21.66 276+21.79**

A5 357.8+24.43 328+24.56 303+24.91 268.2+25.46

B2 326.2+25.32 300+25.03 278.2425.76 245.2+25.91*

Ci 355+24.5! 322.8424.1 253.8423.4*** 231.4+23.4*

D1 369.2+20.54| 343.6+20.33 342.6+22.32 308.2+22.33
Vehicle Control | 304.2+36.81| 308.2+36.85 309+37.92 310.4+39.57
Diabetic control| 322.2+22.96 337+23.59 347+24.01 363.4+24.0
Normal control | 120.33+7.76| 125.66+2.08 126.66+3.05 129.33+1.52

In acute study, no one test compound was founeé dnificant at 3 hrs of treatment. After 6 hree tompoundC1
decreased BGL which is highly significant (p<0.0p@&hd Al, A2 exhibited significant hypoglycaemic activity
(p<0.05). At 24hrs, the compoun@i and A2 decreased BGL which is highly significant (p<0.0p@hd others
showed more significant (p<0.01) decrease in BGh.irBacute study, the compou@d was found to be more
significant amongst test compounds.The continucestment with these compounds for 7 and 14 dagose of
100 mg/kg/day showed highly significant (p<0.008&¢rease in blood glucose for all the test compsund

Table No.3:Hypoglycemic effects of synthesized test compoun{Bubacute study)

Treatment Blood Glucose Level (mg/c
0 ht 7 day: 14 day:
Metformin 441.8+18.71| 153.8 +19.68* 112.8 + 16.8%*
Pioglitazone | 402.2 +28.77 167 +20.51* 123.8 + 16.94+*
Al 362 + 22.04 221.4 + 24,81 158.2 + 19.26+*
A2 376.4 £21.00] 218.8 +22.34* 146.4 + 20.50*
A5 357.8+24.4 215.8 + 26.0*** 147.6 + 23.4***
B2 326.2 +25.3 195.6 + 25.7*** 134.8 + 22.8***
C1l 355 + 24.59 164.6 + 22.46 123 + 18.68**
D1 369.2 £ 20. | 54 257.4 £ 23.1%* | 217.8 + 25.08*
Vehicle Control | 304.2 + 36.81 343.2 +41.07 353.2 + 36.70
Diabetic control| 322.2 + 22.96 393.6 + 24.36 411 +23.69
Normal contrc | 120.33+7.7 114 £10.1. 116 £12.2:

Values areexpressed asiean +S.E.M; n =5; (*** p < 0.0001), (**p < 0.01)* p <0.05)

Table No.4: Effect of test compounds on % decreage blood glucose

% decrease in Blood Glucose Lev*

Treatment 3hr| 6hr 24hr| 7days 14 days
Metformin 9.73| 34.49] 50.22 65.19 73.88
Pioglitazone | 9.64 | 24.81 | 42.27 | 58.4¢ 69.27
Al 8.72 | 16.1¢ | 25.47 | 38.8¢ 56.2¢
A2 8.93| 16.26] 26.68 41.87 61.1(
A5 8.33 | 15.32| 25.04 39.69 58.74
B2 8.03| 14.72] 2483 40.04 58.61
Cl 9.07 | 28.50| 34.81 53.63 65.34
D1 6.93| 7.21| 16.52 30.2 41.0]

* 0 hr the basal blood glucose level in mg/dl consideas 100% respectively for calculation of % dese

Among all the derivatives, compour@l (65.35%) was found to be better hypoglycemic adjgrtthe standard
drug pioglitazone (69.22%) at dose of 100mg/kg lmweducing the blood glucose level after 14 days.
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In acute study, the compou@ll showed almost same activity (9.07%) as that of lgaazgpne (9.64%) after 3 hrs
and greater activity(28.50%) after 6 hrs. But afiérhrs, the activity was slightly less (34.81%f)eTcompoundal

, A2, A5 and B2 also showed good activity. The compouf@ containing hydrazide group as lipophilicoiety
showed more activity thaAl andB2 which contains ester group. ThempoundA5 containing 3-N substitution of
thiosemicarbazide separated by methylene group stiseved good activity. The compoummill, showed poor
activity amongst all the tested compounds.In suteastudy, after 7 days treatment, the compoGdidshowed
highest(53.63%) activity among all the compounds and whichearer to standard drugs used in this studg. Th
compoundA2 , containing hydrazide moiety, showed mamivity thanAl and B2 which contains ester group.
Interestingly, the compouri8?, containing ethyl acetate moiety as lipophilic chaim lacks methoxy group iiteta
to thiazolidinedione ring, showed more activity th&i which contains ethyl formatenoiety and methoxy
substitution.After 14 days treatment, the compou@d remains the compound havitjghest (65.35%) activity
among all the tested compounds followed BY. The compound A5, containing 3-N substitution of
thiosemicarbazide separated fogthylene group, exhibited considerable activitycaspared to acute study. The
compoundD1 showed poor activity than other tested compounds efter 14 daytreatment.For confirmation of
our results, the % decrease in blood glucose Isvieithercalculated by the formula[18] given below and preed

in Table 4 :% decrease =-1[(TT/OT)/(TC/OC)] x100where,TT : readings for test compound at time T;OT
readings for test compound at time O;TC : readingvehicle control at time T;0C: readings for vahicontrol at
time O

Table No. 4: % decrease in BGL calculated with formla

% decrease in Blood Glucose Lev*

Treatment 3hr 6 hr 24hr| 7days 14 days
Metformin | 88.0¢ | 63.4¢ | 47.77 | 29.8f | 21.5%
Pioglitazone | 88.18 | 73.01] 55.58 35.8( 25,51
Al 89.09 | 81.56| 72.04 53.2] 36.64
A2 88.89 | 81.44| 70.86 50.51 32.5
A5 89.48 | 82.36| 72.44 52.44 34.5
B2 89.78 | 82.96| 72.66 52.1f 34.59
C1 88.7¢% | 69.3¢ | 62.8¢ | 40.0¢ | 30.7¢
D1 90.86 | 90.35| 80.81 60.74 49.80

* for calculation of % decrease, the formula: 1-[(OIT)/(TC/OC)]x100 , is used.

The same results were observed in calculation Usirmgula and that of % decrease calculated by denmisig the O
hr glucose level of respective group. The compo@idhave shown nearly similar activity as that of stmad
compounds.The BGL was measured in mg/dl and sagriie was calculated by comparing with vehicle robnt
The % reduction in BGL was calculated for easienparison with standard compounds used.

In this study, we have done modifications at 3-Nemoxyalkyl linker and lipophilic chain. All the ogounds
prepared have shown good activity in subacute stmdlymoderate activity in acute study. In caseoofipoundsAl

, A2, B2 andC1 ,we have modified lipophic portion and phenoxyalkyker also, except if82 , we have kept
phenoxyalkyl portion as such. Out of these compeu@d containing guanidine group (metformin moiety) alted
directly to phenyl ring showed better activity. $hictivity may be due to amine group present imigliae moiety
which may forms hydrogen bonding with receptor. TbenpoundsAl andA2 possess ester and hydrazide groups
respectively attached to oxygan of phenoxy ring. dddition, they also possess methoxy graupta to
thiazolidinedione ring. The compound having hyddazmoiety A2) showed almost same activity in acute study
and more activity than compound containing onlyeegiroup Al). The compound2,containing ester group
attached to methylene of phenoxyalkyl linker, shdwess activity tharAl and A2 . The modification done on 3-
NH of thiazolidinedione ringA>5) i.e. replacement of ‘H’ by methylene thiosemieagide showed good activity and
is almost similar to that o2 which also contains thiosemicarbazide group buatchttd at different position. This
shows that, the thiosemicarbazide moiety is resptmdor reducing blood glucose level together wither
pharmacophores in the compounds.The incorporatid@membered heterocyclic ring (compoubdd) in place of
phenoxyalkyl group showed poor activity amongstegscompounds but is significant as compared tdciesh
control in subacute study.
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CONCLUSION

We find that all our synthesized TZD derivativeswkd potency to decrease blood glucose level. éf Bimmary
of the observed SAR is presented beldwKeeping other pharmacophore constant, we have aeglaromatic
lipophilic portion with aliphatic chain. The actiyiprofile or potency can be given as: €A2 > Al > B2

B. The modification at 3-N of thiazolidinedione ringica methoxy substitution at+phenyl ring, without aryl
lipophilic group A5) also showed activity.

C. The replacement of phenoxyalkyl linker with sulhgttl furan ring 1) exhibited poor activity as compare to
other tested compounds.

From the observed results, it is concluded thabatnall the tested compounds reduced glucose laveiabetic
rats. However, the effect @1 is more pronounced in alloxan induced diabetic.lfgsce we have concluded that
suitably modified TZDs offer rich potential fte development of new drug candidates for diabeihtus.
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