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Antimitotic activity of new synthetic analogues benzyl (4), cyclohexyl (5) and 1,4-ethylenedioxy cyclohexyl (6) of 
ß-apopicropodophyllin has been determined by onion root tip method. Analogues 4,5 and 6 synthesised in the 

Podophyllotoxin (1) and several of its analogues and 
derivatives exhibits strong antimitotic activities1 and some 
at clinical level2. Most of these compounds contain a 
transfused highly strained γ-lactone system3 which 
undergo isomerization slowly to their thermodynamically 
stable cis form4. Podophyllotoxin is a transfused lactone 
ring compound, which is more active than its cis isomer 
Picropodophyllin5 (2). ß-Apopicropodophyllin (3), a 
dehydration product6 of (1), contains cis fused lactone 
ring system acts as a much stronger antimitotic agent5 

Literature survey on the structure activity relationship 
among the podophyllotoxin analogues has revealed that 
no effort has been made towards the study of the effect 
of replacement of ring C with a benzyl, cyclohexyl group 

present work showed strong to moderate antimitotic activity. They might bind to the critical cells either through 
hydrophobic forces or acylation is not clearly known but inhibits mitosis in the critical cells. 

and a cyclohexyl group with modified methylene dioxy 
ring system to ethylenedioxy group in (3) on the 
antimitotic activity. With this in view, we have 
synthesized7 analogues (4-6) of (3) and studied their 
antimitotic activity by onion root tip method8,9 (fig.1) 

One of the possible modes of action could be that the 
strained lactone ring of podophyllotoxin (1) or ß
apopicropodophyllin (3) act to acylate a critical cell 
constituent on an NH, SH or OH function thereby blocking 
the function of such a cell constituent. Chemically, the 
acylation process would be favoured by the removal of the 
strain in the lactone ring. Biochemically the acylation could 
destroy the activity of an essential cell constituent10,11

Another possibility is that the compounds (1 or 3) might act 
on a cell constituent not by covalent bond formation but by 
a non-covalent combination. Many examples of neutral 
compounds such as steroids binding to proteins by 
hydrophobic forces are known12 

There has been growing evidence for the speculation 
that spindle poisons such as colchicine, vinblastine and 

(fig. 1). 

.


O 

H
3
Co 

O CH
3 

O CH
3 

OH 

O 
O 

O 

O 

H
3
Co 

O CH
3 

O CH
3 

OH 

O 

O 

O 

O 

H
3
Co 

O CH
3 

O CH
3 

O 

O 

O 

CH
2 

O 

O 

O 
O 

O 
O 

O 

O 

O 

O 

O 

O 

(3) 
ß- Apopicropodophyllin 

(1) 
Podophyllotoxin 

(2)
 Picropodophyllin 

(6) 
1,4-Benzodioxan with

 cyclohexyl analog 

(4) 
Benzyl analog 

(5) 
Cyclohexyl analog 

Fig. 1: Structures of podophyllotoxin and its analogues 

*For correspondence 
E-mail: basavaraju_yb@yahoo.co.in 

.


podophyllotoxin which are potent antimitotic agents act 
by destroying the function of microtubules which 
constitute the spindle in the cell1. This spindle poisons 
bind non-covalently to the tubulin, the protein building 
block of microtubules and that this binding inhibits 
mitosis in the cells. Analogues (4-6) synthesized in the 
present work showed strong to moderate antimitotic 
activity. They might act with critical cell constituent 
either through hydrophobic forces or acylation is not 
clearly understood. 

Sample solution was prepared by dissolving known 
weight (1-3 mg) of synthetic compounds in 3 ml of 
absolute ethanol and diluted with distilled water upto the 
mark in a 250 ml standard flask. 
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TABLE 1: BIOLOGICAL ASSAY OF ANALOGUES OF βββββ- APOPICROPODOPHYLLIN 

Compound Conc. 
(X 10-6 mol/l) 

% dividing cells % dividing 
cells compared 

to control 

% inhibition 
compared 
to control 

ID
50 

(x10-6 mol/l) 

Control — 21.495 100 0.0 -

Podophyllotoxin (1) 

2.36 

3.77 

4.21 

14.51 

10.34 

9.09 

67.50 

48.10 

42.29 

32.50 

51.90 

57.71 

3.64 

Picropodophyllin (2) 

5.86 

6.42 

7.29 

17.49 

17.05 

16.46 

81.37 

79.32 

76.58 

18.63 

20.68 

23.42 

15.63 

2.42 11.31 52.62 47.38 2.55 

β-Apopicropodophyllin(3) 2.83 

3.15 

9.58 

8.24 

44.57 

38.33 

55.43 

61.67 

Benzyl analog(4) 

2.8 

3.22 

2.39 

7.627 

5.581 

9.677 

35.48 

25.96 

45.02 

64.52 

74.04 

54.98 

2.17 

Cyclohexyl analog(5) 

2.05 

2.52 

2.74 

8.095 

5.000 

3.448 

37.66 

23.26 

16.04 

62.34 

76.74 

83.96 

1.63 

1,4-Benzodioxan with 

cyclohexyl analog(6) 

2.79 

4.69 

3.30 

3.72 

14.782 

10.162 

13.584 

12.500 

68.77 

47.28 

63.20 

58.15 

31.23 

52.72 

36.80 

41.85 

4.45 

values indicates that the antimitotic activity of cyclohexyl analog (5) is more active than the benzyl analog (4) which is more active than the 1,4

benzodioxan with cyclohexyl analog (6) 

After removal of the old roots, onion base was immersed according to the method of Hakala et al13. ID
to an extent of about 0.5 cm in a sample tube (Ca 7×3 for the synthetic compounds for antimitotic activity are 
cm) containing the sample solution and the immersion is tabulated in the Table 1. 
continued for two days for germination. After two days, 
the germinated root tips were removed and placed in the The antimitotic activity data determined by using the 
sample tube containing the fixing solvent (ethanol-acetic onion root tip method puts compounds (3), (1) and (2) in 
acid: 3:1 v/v). After 24 h, the fixing solvent was decanted the same relative order of activities9. The fact that (3) 
and the root tips were washed with the preservating being the most active and (2) being the least active in 
solvent (70% alcohol) and kept in the same solvent. consistent with the previously found relative order of 
Similarly onion roots were also allowed to germinate in a activities for these three compounds by using P-815 
control solution (3 ml of absolute ethanol, diluted with mastocytoma cell cultured test5. Hence the onion root tip 
distilled water to 250 ml without the synthetic compound). method is quite valid and reliable for the determination of 
Root tips were placed on a clean watch glass containing the antimitotic activity of the new synthetic analogues. 

The ID 
50 

values
50

staining solution (1 g of orcein in 45% of acetic acid - 0.2 
N HCl: 7:1 v/v) and heated on the flame until fumes 
come out. It was then cooled to room temperature. The 
heated onion root tips were placed on a microslide, a 
drop of stain solution and were squashed by a blade. 
The slide was next mounted for observation under a 
microscope. The total number of cells and the number of 
dividing cells were counted. The percent of the number 
of dividing cells compared to the control and the percent 
inhibition of mitosis by the sample at a given concentration 
against a control were calculated. A graph of 
concentration versus percent inhibition for each test 
compound was drawn. The concentration needed for 50% 
inhibition (ID

50
) was extrapolated from the graph 

It is interesting and significant to note from the data in table 
that the analogues (4) and (5) have increased activity, i.e., 
the compound (4) and (5) with ID

50
 of 2.17×10-6 M and 

1.63×10-6 M respectively when compared to the parent 
compound (3) with a ID

50 
of 2.55×10-6 M. The compound 

(6) is less active than the parent compound (1) (3.64×10-6M) 
with ID  value 4.45×10-6 M. It is believed that the

50

nucleophilic groups in the cell constituents might easily 
attack the electrophilic lactone ring system. 

The biological activities of the compounds mainly 
depends on the size of the substituents attached to the 
ring A and a nature of the ring C. Possibly the activity of 
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Lamivudine, ([2R-cis]-4-amino-1-[2-(hydroxymethyl)-1,3-
oxathiolan-5-yl]-2(1H)-pyrimidinone)1-6, nevirapine, (11-
cyclopropyl-5,11-dihydro-4-methyl-6H-dipyridol-[3,2-b:2’3’-
e][1,4]-diazepin-6-one)2,3 and zidovudine, (3’-azido-3’-
deoxythymidine)4,5,7,8 are well established anti HIV
agents1,2. Lamivudine is official in IP1 and USP6.
Nevirapine is official in IP1,3. Zidovudine is official in
IP4,5, BP9 and EP7. For the treatment of AIDS, most
antiviral agents are used as part of combination therapy.
Since there are several generic combination products
available in the worldwide market for polytherapy, an
assay method for the estimation of these drugs
simultaneously is of utility. No HPLC method has so far

A simple, precise, fast and selective HPLC method has been developed for the simultaneous estimation of lamivudine,
zidovudine and nevirapine from tablets by external standard method. The analytes were resolved by using mobile
phase of 50:50 mixture of methanol:buffer (0.1 M ammonium acetate in 0.5% glacial acetic acid) on an Inertsil
ODS 3V (250 × 4.6 mm, 5 µ) column as a stationary phase and UV 270 nm as detection wavelength.

Simultaneous Reverse Phase HPLC Estimation ofSimultaneous Reverse Phase HPLC Estimation ofSimultaneous Reverse Phase HPLC Estimation ofSimultaneous Reverse Phase HPLC Estimation ofSimultaneous Reverse Phase HPLC Estimation of
Some Antiretroviral Drugs from TSome Antiretroviral Drugs from TSome Antiretroviral Drugs from TSome Antiretroviral Drugs from TSome Antiretroviral Drugs from Tabletsabletsabletsabletsablets

NANDINI PAI* AND A. D. DESAI
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*For correspondence
E-mail: desai70@yahoo.com

been reported for the simultaneous determination of these
drugs in pharmaceutical preparations. This report
presents an HPLC assay for the simultaneous estimation
of lamivudine, zidovudine and nevirapine from tablets.

All the solvents used were of HPLC grade and all
reagents used were of AR grade unless otherwise
specified. Standard stock solutions were prepared by
dissolving 30 mg of lamivudine, 40 mg of nevirapine and
60 mg of zidovudine in 50 ml of mobile phase. Further
dilutions were made in mobile phase to obtain a final
concentration of the analytes as lamivudine (150 µg/ml),
nevirapine (200 µg/ml) and zidovudine (300 µg/ml). A
Shimadzu Class 2010A HPLC equipped with auto sampler
having a variable volume (1-200 µl) injector was used for
the assay. The column used was Inertsil C18-ODS 3V,
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the compounds decreased with increasing the size of the 
substituent groups. 
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