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The Impact of COVID- Prof.(Dr.)B.B National Journal of

1/19 on Different Sectors Lana o Y7777 Commerce | Research In Marketing, Oct.2021 ISSN - 2455-5398
of the Indian Economy g Finance & HRM
Opportunities and Prof.(Dr.)B.B National Research

2|Challenges of E- 7777 "|Commerce |Journal of Management Apr-22 ISSN 2348-9766

: Landge

Recruitment and Commerce
The Role of IPR in Prof.(Dr)B.B National Journal of

3|Protection of various Land o Y777 "|Commerce  |Research In Marketing, Mar-22 ISSN - 2455-5398
elements: An overview g Finance & HRM
‘Make in India
Scheme, Sustainability Prof. Tavade Mechanical Engineering

4land Small-Scale el Commerce |Vol.6 special issue Dec.2021 ISSN 0974-5823.

. A.P. .

Manufacturing ‘Kalahari’ Journal
Companies’
An Overview on New Prof. Tavade

5|Era in Business- E- AP el Commerce |VIDYAWARTA FEB.2022 ISSN 2319-9318.
Commerce’ o
‘The Role of IPR in .
Protection of Various [Prof. Tayade National Journal of

6 ) . ey Commerce |Research In Marketing, Mar-22 ISSN 2455-5398
Elements: Overview A.P. .

Finance & HRM

Vol.7-Issue |

7[Corporate Social Prof. Dr. National Journal of

8|Responsibility Wakhare p.B. [“°MMerC€ | Research In Marketing, Mar-22 |SSN 2455-5398




The Creation of

particular learning Prof. Dr. i i ]
9 methods for Blind Wakhare P.B. Commerce |VIDYAWARTA 01-Mar-22 ISSN 2319-9318.
Children
Corpora_te_S_omaI National Journal of
Responsibility Prof. .
10| .. Commerce |Research In Marketing, Mar-22 ISSN 2455-5398
Dislosures In selected |Borhade B.S. .
- . Finance & HRM
Indian Companies
The study on the . .
relationship between Prof. Sonam International journal of
11 P betwe ' Commerce |advance and innovative 31-Oct-21 ISSN 2394-7780
employee motivation R.Patwa
research
and work performance
S Bangal, past & present
12 Employee motivation - |Prof. Sonam Commerce |journal of Culcatta July-sept, 2021 |ISSN01-05-8807
and employee welfare |R.Patwa S .
Historical society
Impact of financial & )
non-financial International Research ISSN(O): (2349-
. . Prof. Sonam Journal of Human
13]incentives on employee Commerce . Mar-22 4085) ISSN(P):
L R.Patwa Resource and Social
motivation & . (2394-4218)
Sciences
performance
A study of employee
motivation and job Prof. Sonam Vidyawarta Peer
14|satisfaction for R Pa.twa Commerce |reviewed international Mar-22 ISSN: 2319 9318
organizational ' journal
performance
HRM - Training & Prof. National Journal of
15|Development Sonawane Commerce |Research In Marketing, Oct. 2021 ISSN -2455-5398
programme R.K. Finance & HRM
Advantages & Prof. Vidyawarta Peer
16|Disadvantages of Sonawane Commerce |reviewed international Mar. 2022 ISSN - 2319-9318
online education R.K. journal




The impact of

Prof.Gaikwad

National Journal of

17|branding on consumer IR Commerce |Research In Marketing, Oct. 2021 ISSN — 2455-5398
buying behaviour o Finance & HRM
A study on recruitment
& selection process of Prof Gaikwad Vidyawarta Peer
18|organisation with the IR ' Commerce |reviewed international Mar-22 ISSN —2319-9318
help of recruitment o journal
agencies
R tlﬁFR' a7TIT:ﬁ % Dr.S.V Gaikw Shodh — Rityu peer
19|3He fay A fafaa o Hindi Reviewed Refereed 2021 ISSN: 2454-6283
qIYTHDP I Journal April — Jun 2021
peer Reviewed ISSN
20 é?ﬁﬁﬁ??ﬁm Dr.S.V.Gaikw Hindi International Jul-21 12394
YIS Th AU ad Multilingual Research -5303
Journal July 2021
01 TSP [ggl BT [Dr.S.V.Gaikw Hindi UGC Care listed group | Jul21 ISSN: 0975 — 7945
Heod ad Journal
3MUHT §t ST H | Dr.S.V.Gaik | .. . Peer Reviewed Research _
22 AT T 'FFﬁﬁ?IFI wad Hindi Journal Jun-21 ISSN: 2320-4494
Research Hub
International
e 1 fEdh Multilingual Research
23(Sfdlq : Dr.S.V.Gaikw [Hindi Journal Feb-22 e-1SSN:2349-7637
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ad
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International peer
Reviewed Refereed

24 JISTIL: Q?a 3e"a d EJ'S'V'Ga'kW Hindi Journal Surabhi Feb-22 ISSN-2349:4557
g Feb-2022
TRTOI AP ‘T 33 Dr S\ Gaiku Printing Area
25| qeTaT=iY B o Hindi April-2022 Apr-22 ISSN-2394-5303
STdTardeedr
A Multidisciplinary
3. Elﬂtllﬁllili X International
m_d.q)_\m Level ISSN
: - Refered Journal 2230
26|39=arT S.N.Kokate [Hindi : Oct-21
A e peer Reviewed Journal 9578
S Oct 2021
1. Floristic studies on International Journal of
27|studies on Nawegaon  |Dr. D. N.Patil [Botany Research and i(2)30- 9578Volume -
Nagzira Tiger development
International journal of
28|Wild relative Dr. D. N.Patil [Botany Scientific research in 2395-6011 Volume -

Science and Technology
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SAMPLING
DISTRIBUTION OF
SAMPLE MEAN AND
SAMPLE MAXIMUM
UNDER SIMPLE

Vidyabharati
International

29|RANDOM g/IhZI;:I;eG. Statistics Interdisciplinary octomber 2021 |[ISSN 2319-497
SAMPLING AND Research Journal
STRATIFIED (Special Issue)
SAMPLING: A
COMPARATIVE
STUDY
Dr. Babasaheb Contribution of
... |[Mr. Subhash
go|Ambedkaranche arthik | o Economics | V\ahatma Phule and Dr. 2021-22  |2304-5890
vichar:chalan, sheti, Shinde Babasaheb Ambedkar in
kamgar,udyogdhande making of Modern India
Synthesis,
Characterization of
Rhodamin 6G Capped |Mr.Gopale . Wesleyan Journal of Vol.14 No.25
31 Gold Nanoparticles R.D. Chemistry Research, (September 2021) ISSN - 0975-1386

and Sensing Reactive
Oxygen Species




32

Biocatalytic
transformations of
bioactive
labdanediterpenoids
from
Andrographispaniculat
a (Burmf.) Nees: A
review, Biocatalysis

and Biotransformation,.

Dr.Swati
Kolet

Chemistry

Biocatalysis and
Biotransformation

Nov 2021
Volume 40, Issue
5

10292446

33

Design, synthesis of
anticancer and anti-
inflammatory 4-(1-
methyl-1H-indol-3-yl)-
6-(methylthio)
pyrimidine-5-
carbonitriles

Dr.Swati
Kolet

Chemistry

SYNTHETIC
COMMUNICATION

March 2022
Volume 52, Issue
5

397911

34

Microwave assisted
synthesis and study of
thermal effect of
Quinone and
Arylamide polymer

D.D.Gaikwad

Chemistry

Research journal in
Chemistry

Sep-22

35

Thermo Study of
Commercial Samples
of Lohabhasma

Dr.R.A.GUL
LKARI

Chemistry

Maharaja Sayagirao
Journal Badoda

Nov-21

ISSN : 0025-042
Only Print Version

36

Sodium Alginate
Biopolymer: An
Effcient Recyclable
green Catalyst for the
Synthesis of Chalcone
Derivatives under Mil
Conditions

Dr. M.A.Bora

Chemistry

Macromolecular
Symposia

Aug-22

ISSN 1521-3900
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SAMPLING DISTRIBUTION OF SAMPLE MEAN AND SAMPLE MAXIMUM UNDER
SIMPLE RANDOM SAMPLING AND STRATIFIED SAMPLING: A COMPARATIVE
STUDY

1. L. Limbore', A, S, Jagtap®, C. G. Shelake
'Department of Statistics, M.E.S. Abasaheb Garware College, Pune.
‘Department of Statistics, Tuljaram Chaturchand College of arts Science and Commerce, Baramati,
Pepartment of Statistics, Bharatiya Jain Sanghatana's Arts, Science & Commerce College. Pune.
"Jayalimbore 1 702 @ gmail.com, “avinash.jaglap65 @ gmail.com, “chakradharshelake @ gmail.com

ABSTRACT

Traditional sampling designs provide an estimator of the population mean through the saniple mean. The sample i iom
receives very lirtle attention. This paper sives the comparisin of starstical properiies of te sample mean and sample
maximum nder simple rondom sampling and  stratified sompling. In partdcofar, the sompling distribution of sample
mavimum {5 derived wnder simple randeom sampfing ond stratified sampling. The sampling discribution (s then used fo
derive the expected value and sampiing variance of sample maximum under these sampling dexigns,

Keywords: Sampling design, simple random sampling, sample mean, sample maxinum, sampling distribution,
sampling variance, strafified sampling.

Introduction

One of the most common statistical
procedures for collecting data that will be
evaluated for inferential purposes is
sampling. The population mean or
population total has been emphasized as the
most important population characteristic in
the majority of the literature on finite
population samples. As a result, the majority
of statistical literature focuses on estimating
the population mean or population total. In
real life, the interest may not always be
confined to the population mean or
population. There are various scenarios in
which the interest is in the population
maximum.For example, the maximum
temperature  indicates the intensity of
summer, and the severity of pollution is
determined by the maximum level of
pollutants present. In such instances, 1t
obvious to use the sample maximum as an
estimate of the population maximum. The
sampling behavior of the sample mean and
sample maximum is investigated in this
work using various simple random sampling
and stratified sampling. It is interesting o
note that the sampling vanability of the
sample maximum as the sample size
changes in comparison to the population
size.

Estimation of Population Mean Under
Simple Random Sampling

Simple random sampling (SRS) is a method
used to draw a sample of n number of
sampling unitsfrom a population which
contains N sampling units, in such a way
that every sampling unit of the population
has an equal chance to include in the
sample. There are two methods for drawing
the samples.

Simple  Random  Sampling  without
Replacement (SRSWOR): In SRSWOR the
units are randomly drawn one by one in such
a way that. the unit selected will be again
replaced, in the population before the next
draw.

Simple Random Sampling with
Replacement (SRSWR): In SRSWR the
units are drawn one by one in such a way
that the unmit selected will not be replaced
back in the population before the next draw.

Notations

Let the population contains the N sampling
units Uy, Us, ..., Uy and sample contains the
n sampling units uy, u, ..., U

Y is the characteristic under consideration
Yi (i = 1, 2,...N) is value of the
characteristic for the ™ wunit of the
population and vi (i = 1,2,....n) is value of
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the characteristic for the i™ unit of the
sample. Then we define

. N
Populationmean =Y, = %z\‘l
=1

Samplemean =y_ = 12-,"
) =1
S’ =Meansquare for the population

szﬁ %Y

s’ =Meansquare for thesample

= —Eiv -y.)

.
=l

o” =populationvariance
1 L. Fges |
= EE}[\: e M}

Probability of drawing a Sample and a
Specified Unit
SRSWOR: If n sampling units are selected
from population of size N by SRSWOR then

the total possible samples m[:]

Therefore the probability of selecting any
one of these samples is N
4

The probability of drawing any unit at the 1*
draw is I/N, the probability of drawing any
unit at 2™ draw from among the available
(N-1) units, is 1/(N-1), and so on.

Let Ay be the event that any specified unit is
selected at the k'™draw then

1
=—:k=12,...,
PlAy) N n

The probability of a specified unit including
in the sample is

il
imN N

SRSWR: If n sampling units are selected
from population of size N by SRSWR then

the total possible samples areN". Therefore
the probability of selecting any one of these
. .
samples IEN.L ;
In SRSWR population size is remains the
same at every draw, therefore the probability
of selecting any element at any draw is /N,
In simple random sampling with
replacement and without replacement, the
sample mean is an unbiased estimator of the
population mean.
ie. E(y )=Y,

The vanance of the sample mean under
SRSWOR is

Var(y ) = [% - 1]51
N n.
nN *

And the variance of the sample mean under
SRSWR is

Var{y“} =N NIS

Estimation of population mean Stratified
Sampling

When the population is not homogeneous,
simple random sampling is ineffective
because some portions of the population
may be overrepresented while others may be
underrepresented. In these circumstances,
the population is sub-divided into k strata in
such a way that strata are internally
homogeneous. This procedure of dividing
the population inmto k strata is called as
stratification. Stratification is done based on
a characteristic that is closely related to the
characteristics of the units being studied.
After this process, a random sample is
drawn from each stratum by using
SRSWOR. All these units from different
strata constitute a random sample from the

population. Such a sample is called as a
stratified random sample.
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Between stratums, there is the maximal
heterogeneity. This is why, when our aim is
1o estimate the population mean, sampling
units are chosen from all strata, because
each stratum contributes to the mean
estimation.

MNotations
Let k be the number of strata.

N: Total number of sampling units in the
population, N; ;: Number of sampling units
ofi® stratum, mi : The number of sampling
units selected by using SRSWOR from ith
stratum, Y: characteristic under study, ¥, (j

= 12,....Ni, i = 1.2,...k): value of j unit in

: ek _
the i stramm.‘t'“=igi¥u: population

j=1

li Y, : sample

n 5=

mean of i stratum, w, = ﬂ n:inland
N

=)
k
N= ENI
=l

In stratified samplingpopulation mean is
weighted arithmetic mean of stratum means,
weights being equal to size of strata and is
— k r———
given by Y, = %Zmﬁm- Sample mean is
I=1
— R — io= g
¥a ™= Eznr‘!’m and E'-‘l'lllnl} o TH

“ ik SR
mean of i" stratum,y, =

MNow,
- 1 k —
E(y,) = — 2 nE(Y,)
=1
1 k —
“E;rlifﬂi
* ?H

Here ;,.,is biased estimator of Yn. Now to
obtain unbiased estimator of Y consider the

stratum mean which is the weighted mean of
strata sample means, weights being equal to
&

size of strata given by y_ = % SNy, -
=]
Now,
—_ 1 3 —
EYa) = Ezmﬂ?m}
i=1
A
N o Mi

'I'I'ms'p'f_ﬂr is an unbiased estimator of Yy .

— k W
var(y,) = Yw - g
=1 l'.}Imi

Estimation of Population Maximum
under Simple Random Sampling
Simple Random Sampling (SRS) provides
an unbiased estimate of the population
mean. This is the consequence of the fact
that simple random sampling imposes a
discrete uniform distribution on the finite
population that is being sampled. The
sample maximum is the most natural choice
when the purpose is to estimate the
population maximum. Statistical properties
of the sample maximum are investigated

here.

Let the population contains N sampling units
uy, Uz, ....ux. Let the varable of interest X,
have values. X;, Xz, .... X5 on these sampling
units, respectively in that order. If the values
X1, X2, ..., Xx are organized in an ascending
order of magnitude and written as x(;. Xg),
...» Xy, then the corresponding sampling
units in the population also get reorganized
and are recorded as iy, w2y, ..., Uy When
a random sample of size n is selected by
using SRSWOR from this population the
sampling units in the sample are denoted by

U u T U '
VORI L and the corresponding  values

Special Issue on Fostering Human Resilience-Catalyst for Management, Science and Technology (Oct. 2021) 288



Vidvabharati International Interdisciplinary Research Joumal (Special Issue) ISSN

2319497

of the variable of interest byx*'x'-"""x‘*.
When sample values are sorted and
organized in an ascending order of
magnitude, the resulting values are written
s Xay, X, ..., X and the corresponding
samp]ing units as U[u. U{.‘!;, Pl U[m. Since
the n sample values are different (because
SRSWOR), the sample maximum cannot
take any of the n — 1 smallest values in the
population, namely x(i, Xa), ..., Xw1y. It is
then clear that the sample maximum X, can
take any one of the N — n +1 possible values
Xinbe XimsD)ve oo XiN)- If Xy = X for some r
such that n < r < N, then no sample value
can exceed xi,. In other words, if X = x4,
then the other n — 1 sample values must be
from among the r — 1 possible wvalues

ey X@y+++¢ Xec1)  The number of ways in

which such selection can be made is given

by[r_ i)sume the number of ways of
n

selecting a sample of size n by using
SRSWOR from a population of size N is

N
n)
The probability that the sample maximum is
Xy 1s given by
s
n-1
P X =% = —(Fr..forr =nn+1,..,N
n
In other words, it is assumed that
xfl']' -y fﬂr F= 1!‘ 2!"*:”‘(1]
This simplification leads to the simplified
expression

[r-l
-1
0 =] O a1

)

Probability Distribution of the Sample
Maximum

The largest sample value, that is the sample
maximum, denoted by X(s, can take any one
of the N — n+1 possible values n, n+1, n+2,
.++» N, When X = r for some r = n, n+l,
n+2, ..., N, then one of the n sample values
is exactly equal to r and the remaining n — |
sample values are chosen from the r-I
possible values 1.2...., r~1. The number of
ways in which this can happen is[;" i]
This leads o the
expression

e
P[K{H‘I = x[l’]] = Lﬁ—-}—fr = n,n + .I.'a.u,N
)
(2)

Since it is assumed that
Xy =F forr=1,2,....N
It is also easy to write

[hs)

)

Expected Value and Sampling Variance
of the Sample Maximum

We use the probability distribution
of the sample maximum given in Equation
(3) to get the first two moments of the
sample maximum. The expected value of
sample maximum is given by

P[Xy =r]= JF=nn+1,..,N
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[ :n}] Er F[ (m = J

-

el

. [ﬁ] ir (n -(;:.“!(?i n)!
_[ltl]i (n- 1]r;ir -n)!
n

_nn.{N—n)l (N+1)!

" Nl (n+1)Y(N-n)!
N+1
Tl (4)

The sample maximum is clearly not an
unbiased estimator of the population
maximum, as shown by Equation (4).The
bias in the sample maximum X is given

by

bias| X, | =N-E[ X, ]
N-n

=r'|+1 (5)

Now, the sampling variance of the sample
maximum is obtained by obtaining the
of the sample
maximum. For this, consider the factorial

second raw  moment

moment

E[xm{xtn} " 1)] = ir[r " le[){w -

¢ o lnca)
r-nr [I-N;]

1 M (r+1)!
N]E (n-1){r-n)!
#

nin+1)x (r+1)!

) [N‘ Z{r:|-|-1)l{r—n:|!
e (102

e

ni(N-n)!  (N+2)!

]

=n(n+1).

(N+1)(N+2)
"M+ heD)n+3)

_(N+1)(N+2)

(n+2) 2.

(6)
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The second raw moment of the sample
maximum is then obtained by using the
following relationship

ELxln!] Ethnt( m 1}] E K[n}-l”

From Equation (4) and (6)
(N+1HN+2} N+1

E[Km] -—n

n+2 n+1
_[N+1](nﬂ+ﬂ+n}
- (n+1)(n+2)

(R)
Finally, we obtain the sampling variance of

the sample maximum as

var(X,, | =E[X},]- EIX.J)
C(NeYENNn)  (Ne1)
(n+1)(n+2) (n+ 1]
_(NenN-m)
{H 1] (n+ 2}
(9)

Since Xy is not unbiased for the population

maximum its mean squared error is obtained
as

MSE[J(:H}] - var[xw,] + {bias[xn]ﬁ

[N+l]{N n} [N n}
{n+1} {n+2‘j {n+1}
_(N-n)(2N -n)
(n+1)(n+2) (10)

Estimation of Population Maximum
under Stratified Random Sampling

When the goal of sampling is to estimate the
population maximum, stratified random
sampling may not be the best option
because, in its most frequent form, it aims 1o
acquire comprehensive data on a
heterogeneous population without increasing
the sample size unnecessarilly. When the
goal is to estimate the population maximum,
however, only one stratum can give the

essential information. As a result, only one
stratum should be sampled. with all other
srata and sampling units in those strata
being ignored.

Suppose size of population is N, K is
the number of strata and Ny, Nj, ... Ng are
siratum sizes. For h = 1,2,..., k, the stratum
boundaries are denoted by x

- {1 for lower
boundary) and x,

{u for upper boundary).

Without loss of generality suppose further

that strata are numbered in such a way that

% =Xgpforh =12 .. k-L I is then
obvious that the first K - 1 strata cannotl
contain the population maximum, and that
the sample must therefore be drawn only
from stratum number k. Let us denote its
size by S, so that the largest value among the
Ni sampling units in the stratum by selecting
a sample using SRSWOR of size ni from the
stratum.

It may be easy to understand the
situation if it is described as follows. The
sampling units in the population are
arranged in an ascending order, so that strata

are non-overlapping. The k strata can be
represented as follows.

If the problem is described as follows, it
may be easier 1o comprehend. The
population’'s sampling units are grouped in
ascending order to prevent strata from

overlapping. The k strata are represented in
the following way.

Stratum1 = {x(1),X(2) K3)e- (M)

Stratum 2 :{l{“t,f}.ﬂﬂi "'1.]" ...-'Jl'-lﬂl *H’lll-'.lq

Stratumk = !LK{H_ My + 1) % NNy ‘1'}....,::{“]'.‘-.

However, none of these values are unknown
in practice. The above representation can be
simplified even more using Equation (4.1),
resulting in the following representation.
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unbiased estimator of population mean
under sratified sampling whereas the
sample maximum is not an unbiased
estimator of population maximum under
simple rmandom sampling and stratified
sampling. When the goal of sampling is to
estimate the population maximum, stratified
random sampling may not be the best option
because, in its most frequent form, it aims (o
acquire comprehensive data on a
heterogeneous population without increasing
the sample size unnecessarily. When the

goal is to estimate the population maximum,
however, only one stratum can give the
essential information. As a result, only one
dgratum should be sampled. with all other
srata and sampling units in those strata
being ignored. But when the goal is to
estimate the population mean, all strata
gives the essential information. As a result,
all strata should be sampled to estimate
population mean.
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ABSTRACT ARTICLE HISTORY

A novel series of 4-(1-methyl-1H-indol-3-yl}-6-(methylthio} pyrimidine- Received 22 October 2021
S-carbonitriles (4a-i) was synthesized and evaluated for anticancer
potential against cell lines for breast cancer, Compounds 4b, de, and
4h exhibited prominent cytotoxicity against human breast carcinoma "E‘_'“"F“ .

MCF-7 cell line with Gl of 20, 0.5 and 0.5uM, respectively. m;ﬁ:;a al'ﬂ;;'ltimlidaﬂtj
Molecular docking study against EGFR tyrosine kinase could provide ., .. p}'rir?;i-dine
valuable insights into the plausible mechanism of action, The com- :

pounds could bind with significantly high binding affinity and their

binding affinity scores could correlate well with the observed anti-

cancer activity. Furthermore, compounds 4a, 4c, 4e, 4g, and 4i

exhibited significant inflammatory activities as well which could

expand the therapeutic domain of this novel series.

Introduction

Cancer is one of the major causes of mortality worldwide. Literature reports 10.0 mil-
lion deaths and around 19.1 million new cases just in 2020."" Perhaps the cancer fre-
quency will augment by above 30% in the forthcoming decades. Compared to all other
types of cancer, breast cancer is communal hostile with an assessed 2.3 million new
cases.” ™! Presently for breast cancer treatment numerous therapy are existing, such as
surgery, radiotherapy, teletherapy, chemotherapy, and nanotechnology techniques how-
ever, these tactics have some confines.””® In recent decades cellular pathways and spe-
cific biomolecular inhibition strategies have immense significant targets in cancer

therapy."”®! Henceforth there is a stipulation to find the anticancer compounds, which
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could act upon the multiple target site into the cancer cell ' Earlier reports suggested
that the scaffolds anticancer compounds enhanced the exploration for probable biomo-
lecular targets into the cancer cells./"* "/

Body physiological response to tissue injury is inflammation, it is because of infection,
physical damage, and toxin contact.'"”) Chronic inflammation may lead to various diseases,
such as arthritis, Alzheimer, cancer, and autoimmune disease.”"*"! Inflammatory cells
have a prevailing influence on the development of the tumor, which promotes angiogen-
esis, and creates a favorable condition for tumor growth early in the neoplastic proc-
esses,'®! Hence for cancer preclusion and treatment targeting inflammation is one of
the tactics.!"”!

Long-before indole nucleus received substantial focus due to its bioactivities, such as
anti-microbial,"*' anti-rheumatoid, anti-inflammatory, antioxidant, antipyretic, anticon-
vulsant, antidiabetic, antimalarial, analgesic, anticancer, and selective inhibitor of COX-
2152020 Literature review suggested that indole derivatives were excellent anticancer
agents and induced apoptosis in pancreatic, colon, cervical, squamous cell carcinoma,
prostate, and breast cancer cell lines.”** "

Pyrimidine is an aromatic heterocyclic compound having wide existence in nature,
which is present in uracil, thymine, cytosine DNA bases, and isolated from terrestrial as
well as marine plants.** " Pyrimidine and its natural, as well as semisynthetic deriva-
tives, were reported to have a broad range of pharmacological activities, such as antidia-
betic, anti-inflammatory, anti-HIV, antimicrobial, anti-tubercular, cardiovascular,
antioxidant, analgesic, diuretic, and anticancer.”"' ! Compared to all other bioactivities,
the anticancer activity of pyrimidine and its derivatives were studied extensively. It is a
potential anticancer skeleton, which showed cytotoxicity against a range of cancerous
cell lines."**"! Pyrimidines-based molecules were reported to demonstrate the most sig-
nificant cytotoxicity against breast carcinoma amongst all other cancer cell lines
fFTg I}I[ﬂlﬂ--#iﬂl

Chemical hybridization leading to the blending of multiple scaffolds is one of the
effective strategies for drug discovery, to enhance the bioactivity of individual mole-
cules.""""*" With this objective, we have synthesized indol-pyrimidine scaffolds, as cyto-
toxic and anti-inflammatory agents. Moreover, the in-silico approach of molecular
docking was adopted to gain an insight into their plausible anticancer activity for which
Epidermal Growth Factor Receptor (EGFR) Tyrosine Kinase was used as the target pro-
tein. Furthermore, these compounds were also evaluated for potential anti-inflamma-
tory activity.

Result and discussion

Synthesis and characterization of 4-(1-methyl-1H-indol-3-yl)-6-(methyithio)
pyrimidine-5-carbonitriles (4a-i)

In the present study, we have achieved the synthesis of the desired 4-(1-methyl-1H-
indol-3-yl)-6-(methylthio)pyrimidine-5-carbonitriles (4a-i) starting from substituted
1-methyl-1H-indoles by chemo and regioselective cyclization in a few steps with excellent
yield. Initially, 3-(1-methyl-1H-indol-3-yl)-3-oxopropanenitriles {2a-c) were synthesized
by cyano acetylation of substituted (-CN, -OCH;) 1-methyl-1H-indoles (la-c)using 2-
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Scheme 1. Synthesis of 4-(1-methyl-1H-indol-3-yl)-6-{methylthio)pyrimidine-5-carbonitriles.

cyanoacetic acid in acetic anhydride under reflux conditions.!*”' Then, 3-(1-methyl-1H-
indol-3-yl}-3-oxopropanenitriles (2a-c¢) on reaction with carbon disulfide in the presence
of sodium tert-butoxide followed by alkylation with dimethyl sulfate converted to 2-(1-
methyl-1H-indole-3-carbonyl)-3,3-bis(methylthio)acrylonitriles (3a-c).***"' Further, 2-
(1-methyl- 1H-indole-3-carbonyl)-3,3-bis(methylthio)acrylonitriles (3a—c) on cycloaddition
with substituted guanidine hydrochloride under an alkaline condition in acetonitrile fur-
nished desired 4-(1-methyl-1H-indol-3-yl)-6-(methylthio) pyrimidine-5-carbonitriles
(4a-i) (Scheme 1). The products obtained were purified using the column chromatogra-
phiy using ethyl acetate in hexane. All the synthesized compounds were characterized by
infrared (IR} , high-resolution mass spectrum (HRMS), proton, and carbon
NMR spectra.

Anticancer activity

All the synthesized target molecules (4a-i) were screened for their anticancer potential
against MCF-7, a human breast cancer cell line. The VERO African green monkey kid-
ney epithelial cell lines were used as a control. The cytotoxicity was measured by deter-
mining the Glsy, TG, and LCsq values, and adriamycin was treated as a positive control
(Table 1). Gl is a drug concentration that causes a 50% reduction in cell proliferation
whereas the concentration required to kill test cells by 50% was stated as lethal concen-
tration (LC;g) and cells total growth inhibition of was denoted TGI.

Among the compounds screened, 4b, 4e, and 4h are found to be more potent in total
growth inhibition concentration studies than other 4-(1-methyl-1H-indol-3-yl}-6-{meth-
ylthio)pyrimidine-5-carbonitriles. Results revealed that compound 4b, 4e, and 4h have
cyano group at C-5 position. Indol ring play a significant role in the activity due to
which the molecule could snuggly fit into the active site of EGFR tyrosine kinase with a
significantly higher binding affinity.

Compound 4h and 4b exhibited cytotoxicity with TGI values of 50 and 60%, respect-
ively. 4-(1-Methyl-1H-indol-3-yl)-6-(methylthio)pyrimidine-5-carbonitriles  derivatives
(4a, 4c, 4d, 4f 4g, 4i) disclosed poor activity as compared to the adriamycin.
Compound 4e, 4h, and 4b revealed significant cytotoxicity with 50% cell growth inhib-
ition at 0.5, 0.5, and 2.0 uM concentrations, respectively.

The lethal concentration studies indicated that all the compounds were found non-
toxic. In total growth inhibition concentration studies except for 4e (39.3 uM), other
synthetic derivatives were found non-toxic against VERO cells. In vitro cytotoxicity
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studies indicated that 4b, 4e exhibited moderate cytotoxicity against VERO cell
line with 2.0uM Gl;, values. Compound 4b (Gl 7.0uM) showed low cytotoxicity,
whereas derivatives 4a, 4¢, 4d, 4f, 4g, and 4i are non-cytotoxic (Glsy > 100 uM) against
VERO cell line.

Molecular docking

To gain mechanistic insight into the anticancer activity demonstrated by 4-(1-methyl-
1H-indol-3-yl)-6-(methylthio)pyrimidine-5-carbonitriles (4a-i) investigated herein, a
molecular docking study was performed against a crucial target intervening the breast
cancer pathophysiology, epidermal growth factor receptor (EGFR) tyrosine kinase.
Amplification or over-expression of this target has been associated with the develop-
ment and progression of certain destructive types of breast cancer. Specifically, the aber-
rant activity of EGFR has shown to play a major role in the development and growth of
tumor cells, where it is involved in numerous cellular responses including proliferation,
signaling, differentiation, adhesion, migration, and survival of cancer cells. With this
objective, the crystal structure of Epidermal Growth Factor Receptor Tyrosine Kinase in
complex with its inhibitor was retrieved from the protein data bank (PDB) (PDB code:
1M17) and subjected to molecular docking using the standard protocol implemented in
the Glide (Grid-Based Ligand Docking With Energetics) program'***"! integrated into
the Schrodinger molecular modeling package (Schridinger, LLC, New York, NY, USA,
2018) (detail protocol is described in the Experimental section).

The in-silico binding affinity study could yield crucial information concerning the
orientation of the 4-{1-methyl-1H-indol-3-y1)-6-(methylthio)pyrimidine-5-carbonitriles
(4a-i) in the binding pocket of the EGFR tyrosine kinase protein. Their docking scores
and the binding energy values corroborated well with the experimental anticancer
potency showing a significant correlation, with an average docking score of —7.622 and
Glide binding energy —40.602 kcal/mol (Table 1). Visual inspection of the binding poses
indicates that these indole-pyrimidine scaffolds (Fig. 2, Figs. S5a-1) could accommodate
well within the active site of EGFR tyrosine kinase protein, and the complex formed
with the target enzyme was stabilized through a network of significant bonded and
non-bonded interactions. A detailed analysis of the ligand-receptor interaction is elabo-
rated for one of the most active analogs 4h in the next section and could be visualized
pictorially through Figures S5a-i for the remaining molecules in the series.

The lowest energy docked conformation of 4h (Fig. 2) showed that the molecule
could snuggly fit into the active site of EGFR tyrosine kinase with a significantly higher
binding affinity (docking score of —8.228 and Glide binding energy —47.478 kcal/mol)
engaging in a network of bonded and non-bonded interactions with the surrounding
residues. A detail insight into the per-residue interactions revealed that the molecule
could establish a network of significant van der Waals interactions with Asp831
(—4.187 keal/mol), Thr830 (—2.119kcal/mol), Thr766 (—1.295kecal/mol), Leu764
(~2.169kcal/mol), Met742 (—1.143kcal/mol), Glu738 (-1.365kcal/mol), Lys721
(—4.427 kcal/mol), e720 (—1.022 kcal/mol), Ala719 (—1.498 kcal/mol), and Fhe699
(—2.689kcal/mol) through the 3-(5-cyano-6-(methylthio)-2-phenylpyrimidin-4-yl)-1-
methyl component while the 1H-indole-5-carbonitrile portion exhibited similar type of
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interactions with Leu820 (—3.615kcalimol), Cys773 (—1.166kcal/mol), Gly772
(=1.474 kcal/mol), Pro770 (—1.781kcal/mol), Met769 (—2.098kcal/mol), Leu768
(—2.564 kealimol), WVal702 [(—4.647 keal/mol), Gl}fﬁ":}ﬁ (—1.101 keal/maol), Leud94
(—=3.924 kcal/mol) lining the active site. The enhanced binding affinity of 4h is also
attributed to favorable electrostatic interactions observed with Asp831 (1.2 kcal/mal),
Lys828 (—1.261 keal/mol), Met769 (—1.941 keal/mol), Gln767 (—1.234 kcal/mol), Thr766
(—1.125kcal/mol), Glu738 (—1.106kcal/mol), and Lys721 (—3.099kcal/mol) residues.
Furthermore, two prominent hydrogen bonding interactions were also observed through
pyrimidine nitrogen with Lys721 (2.660A) and the second with Thr766 (2281 A)
through the nitrile function. Such hydrogen bonding interactions “anchor” the ligand to
the active site of the enzyme and facilitate the steric and electrostatic interactions adding
to the stability of the enzyme-inhibitor complex. Interesting introduction of a functional
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Figure 1, Structure of bioactive natural products with indolyl-pyrimidine scaffolds.

Figure 2. Binding mode of compound 4h into the active site of EGFR tyrasine kinase (On the right
side: pink lines indicate hydrogen-bonding interactions).
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Figure 3. Active anticancer 4-(1-methyl-1H-indol-3-yl}-6-{methylthio) pyrimidine-5-carbonitriles.
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group capable of engaging in hydrogen bonding at the R2 position of the pyrimidine
ring viz. 4a, 4b, and 4¢ (NH;) resulted in an additional hydrogen bond through Asp83]
residue which was missed in case of molecules lacking such group viz. 4d-4i. A similar
network of banded and non-bonded interactions was established by other molecules in
the series which served as the primary driving forces for mechanical interlocking of
these molecules into the active site of EGFR tyrosine kinase. This information derived
from this analysis is now being fruitfully utilized for the point-specific mutation around
the scaffold to identity molecules with higher binding affinity and potency toward
EGFR Tyrosine Kinase. 4b, 4¢, and 4h (Fig. 3) more anticancer potential compared to
other screened compounds in molecular docking and TGI concentration studies.

Heat-induced protein denaturation

As the protein’s denaturation is a well-studied cause for inflammation. Therefore,
in vitro anti-inflammatory activity of synthesized compouds (4a-i) was evaluated by
using egg albumin denaturation method (Table 2). The results of anti-inflammatory
screening reveal that compounds 4d, 4e, and 4g displayed substantial inhibition (76.25,
80.72 and 75.10%, respectively) at ImM concentration, compared to the positive control
diclofenac sodium (90.21%). All other derivatives displayed moderate inhibition of heat-
induced albumin denaturation (68.70-73.12%) except compounds 4a and 4b compared
to the reference standard.

Antioxidant activity

It is well-documented that free radicals, such as the reactive oxygen species (ROS) are
important in the pathophysiological mechanisms related to several inflammatory disor-
ders. These free radicals were interacting with cell biomolecules, which may affect the
normal physiological functions of the cells and may lead to cancer. Free radical scaveng-
ing is possible by using antioxidant therapy, which is one of the current options. Hence,
we have tested all the synthetic derivatives to study their direct scavenging potential
against various sensitive oxygen and nitrogen radicals, such as nitric oxide (NO), 2,2-
diphenyl-2-picrylhydrazyl (DPPH), and superoxide {SOR). The results presented in
Table 3indicates that most of the derivatives exhibited good to excellent activity, Utmost
all the synthetic analogs exhibited substantial NO and SOR scavenging activity except 4b

Table 2. Effect of 4-(1-methyl-1H-indol-3-yl)-6-{methylthio}pyrimi-
dine-5-carbonitriles (4a-i) on heat-induced protein denaturation.

Entry % inhibition {1 mM)

64372 1.10
56,62 £ 2.06
T6.25+0.08
Ti2+213
80.72 =0.15
71872008
72102 LT
68.67 £2.16
71301 3.05
2021 *1.75
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Table 3. In vitro anti-oxidant activity of 4-(1-methyl-1H-indol-3-y1)-6-{methylthio)pyrimidine-5-carbon-
itriles (4a-i).

% inhibition {TmM)

Entry DPPH NO SOR H.0,
4a 5294+ 118 6721+ 062 8373+ 0.43 34314175
4b 30,63+ 023 3589 + 1.44 6585+ 156 39.35 2054
4 45.29+ 250 5491 +037 9593+ 0.78 2082+ 264
ad 29.41 + 068 64.75 + 0.66 5290+ 2.85 2495 + 013
Ae 30.90 + 124 6153+ 045 8292+ 1.16 4291+378
af 47.05 + 145 3770+ 213 BE61+ 4.45 2495 + 0.83
ag 35,20 + 0,38 6803+138 7479+ 1.90 2553 £ 0.97
ah 36,36+ 1.10 6282 +053 75,60+ 0.67 45.75+122
4 44704079 6229+ 487 76924 3.48 2962 + 261
AA 44.18 4+ 054 4253 +122 74074 2.39 4717 + 042

AA: Ascorbic acid (at 15 pg/mL); data represent mean of two replicates,

and 4f. Compounds 4a, 4d-f. 4g-h, 4i showed greater inhibition of NO radicals
(>54.91%) compared to the positive control ascorbic acd (42.63%). However, only 4b and
4f showed poor activity with 35.89 and 37.70% inhibition, respectively. Compounds 4a,
4d-h, 4i showed significant SOR scavenging activity with >74.79% inhibition compared to
the standard drug ascorbic acid (74.07%). However, 4b displayed moderate SOR scavenging
activity. DPPH scavenging activity results suggested that only a few derivatives were found
to be more active, da (52.94%), 4c (45.29%), 4f (47.05%), and 4i (44.70%) compared to the
ascorbic acid (44.18%). The results of H,O, radical scavenging studies showed that except
compounds 4e and 4h all other derivatives were inactive compared to the ascorbic acid.

Conclusion

In conclusion, new 4-(1-methyl-1H-indol-3-y1)-6-(methylthio) pyrimidine-5-carbonitriles
4a-i were synthesized with excellent yield (90-96%). All the synthesized compounds
exhibited potent anticancer activity against breast cancer cell line, which was signifi-
cantly altered with the substitution of indole and pyrimidine. Compounds 4b, 4e, and
4h showed prominent cytotoxicity against MCF-7, whereas these derivatives exhibited
weak cytotoxicity against normal VERO cell line. Furthermore, molecular docking study
could provide valuable mechanistic insight of the binding mode and affinity toward
EGFR tyrosine kinase which is a crucial target intervening in breast carcinoma. In add-
ition, compound 4e was found to be an effective anti-inflammatory agent and 4a, 4c,
and 4i were exhibited potential DPPH , NO, and SOR radical scavenging activity. This
synthetic approach can be explored for the synthesis of new indole-pyrimidine based
anticancer drugs.

Experimental

General procedure for the preparation of 2-(1-methyl-1H-indole-3-carbonyl)-3,3-
bis(methyithio)acrylonitrile (3a-c)

To a stirred suspension of freshly prepared sodium ferf-butoxide (3.0mmol} in dry
THF (7mL) at 0°C, a solution of substituted 3-(1-methyl-1H-indol-3-yl)-3-oxopropane-
nitrile (1.0mmol) and carbon disulfide (1.2mmol) in dry THF (5ml) was added
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through a pressure equalizer funnel, and the mixture was vigorously stirred at 0°C for
1h. To this suspension, a solution of dimethyl sulfate (1.2 mmeol) in dry THF (5 mL)
was carefully added dropwise during 10min at 0°C, and the reaction mixture was
allowed to stir at 0°C for 1h After completion of the reaction (TLC; hexane/EtOAc,
8:2), the mixture was diluted with ice water. A light-yellow solid was collected with fil-
tration followed by water washing. The crude solid was purified by recrystallization
with ethanol or dichloromethane-hexane mixture,

General procedure for the synthesis of indole-pyrimidine scaffolds (4a-i)

A mixture of 2-(1-methyl-1H-indole-3-carbonyl)-3,3-bis(methylthio Jacrylonitrile 3a-d |
1.0mmol), guanidine hydrochloride (1.2mmol), anhydrous K,CO; (1.5mmol), and
acetonitrile (10 mL) was heated at reflux for 12h. After cooling, the reaction mixture was
poured into ice water. The white solid obtained was filtered, washed with water, and
recrystallized from ethanol to obtain pure compound 4a-i
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ABSTRACT

Medicinally active labdane diterpene lactones, andrographolide (1), necandrographolide (2),
dehydreandrographolide (3) and deesyandrographolide (4] are isolated from medicinal plant,
Andrographis panicwata, These diterpenes have many beneficial health effects such as anti-viral,
anti-inflammatory, anti-cancer and anti-diabetes. However, 1o improve bicactivity and water
solubility, analogues of labdene diterpenes have been synthesised using synthetic and biotrans-
formation routes. Biocatalytic madification has extensive potential for the preparation of a wide
varety of complex, structurally diverse and more potent organic compounds at milder and eco-
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friendly reaction conditions. Therefore, it is necessary to systematically accumulate the biotrans-
formation reports for isolated lactones. This article reviews the regioselective transformations of
bigactive labdane diterpenes isolated from Andrographis paniculata. The whole-cell and pure
enzymatic transformations of andrographolide (1) and its derivatives are presented condisely.

GRAPHICAL ABSTRACT

1. Introduction

Andrographis paniculata is a medicinally important
plant that belongs to Acanthaeceae family and trad-
itionally known for the treatment of diseases such as
cancer, ulcer, diabetes, dysentery, malaria, skin dis-
eases and high blood pressure (Rajagopal et al. 2003),
Labdane diterpenes isolated from different parts of A
paniculata such as andrographolide (1), necandrogra-
pholide (2), dehydroandrographelide (14-deoxy-11,12-
didehydroandrographolide) {3) and deoxyandrogra-
pholide (14-deoxy-didehydroandrographolide) (4) are
responsible for medicinal properties of the plant
{Figure 1). These diterpenes in pure form also exhibits
vast array of pharmaceutical activities such as anti-
inflammatory, anti-cancer and anti-diabetes (Levita
et al. 2010; Sivakumar and Rajeshkumar 2016).
Andrographolide (1) is very useful in arresting wiral
infections, plays an important role in the treatment of
colitis and also shown to inhibit atherosclerosis and
suppress skin diseases [Michelsen et al. 2013; Shao
et al. 2016; Gupta et al. 2017). Andrographoelide (1)
has bioactive skeleton with six stereccenters, primary,
secondary and allylic hydroxy groups at €19, C-3 and
C-14 positions, respectively. It also consists of a

sensitive lactonic ring existing in twisted conformation,
exocyclic double bond and E-configuration of y-lac-
tone bridge (Aromdee 2012). The structure-activity
relationship analysis of 1 and its derivatives have
shown that the existing hydroxy groups, lactone moi-
ety and conjugated double bond are core functional
groups responsible for specific activities (Dai et al,
20149). Despite of various known biological activities,
further development of structurally modified deriva-
tives with increased efficacy, stability, solubility and
decreased toxicity is desirable to improve dinical
applications of major metabolites  isolated from
Andrographis paniculata.

One of the commonly accepted approaches to
improve the biological and medicinal properies of
previously known active entities is structural modifica-
tions (Ameenah 2006). Chemical methods of modifica-
tion have been traditionally used for the synthesis of
medicinally important derivatives, However, chemical
synthesis has limitations for stereoselective reactions
and involves several protection and de-protection
steps. This lead to low yield, environmental pollution
as well as increases cost of the process, On the other
hand, biocatalysis is an alternative - "green” and envir-
onment friendly approach which can efficiently
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Figure 1. Diterpene lactones isolated from Androgrephis paniculata (Burm ) Mees,

substitute  reagents based synthetic  methods,
Biocatalytic derivatization offers regio- as well as
sterenselective functionalization of complex and sensi-
tive molecules (Clouthier and Pelletier 2012; Haldar
et al, 2013). Biotransformation reactions proceed under
mild conditions, do not generate toxic byproducts and
have ability to modify carbon atoms difficult o be
functionalized. In addition, biocatalytically modified
active molecules are considered as of “natural” origin
{Bicas et al. 2009). Conseguently, the importance and
demand of the biochemical approach is increasing at
high rate. Biocatalytic modifications of compounds can
be achieved by fermentation using whole-cell microor-
ganisms like bacteria, fungi, yeast as well as purified
enzymes from different classes such as lipases
(Ferm'Andez et al. 2006; Kumar et al. 2016; Sharma
et al. 2006). Therefore, use of purified enzymes and
microbial cells for the transformation of natural prod-
ucts is well studied.

Few groups of scientists have explored microbial
lipases extracted from bacteria, yeast and fungi for the
regio- and stereo- selective functionalization of
andrographolide (1) Further, reports are available elu-
cidating the use of fungal cultures such as C. blake-
sleeana, A. ochraceus, A, Niger, R. stolonifier, M.
spinosus, C. elegans and F. graminearum for whole cell
transformation of solated diterpene lactones into

hydroxylated, reduced and oxidised derivatives. This
review summarizes altogether the biochemical modifi-
cations of medicinally active labdane diterpenoid lac-
tones isolated from Androgrophis paniculata with
respect to the nature of biocatalytic reactions, experi-
mental conditions, transformation products and struc-
ture-activity relaticnship studies. A couple of review
arficles based on biocatalytic modifications of labdane
diterpenes are known in the literature, However, they
have not included the diterperne lactones isolated
from Andrographis paniculata or discussed the bio-
transformation reports from previous decade (Frija
et al. 2011; Wang et al. 2013).

2. Enzyme catalyzed transformations

The hydroxy groups existing in andrographolide (1)
have considerable impact on its biclogical activities
and a significant enhancement in activities has been
observed on individual modification of these groups
(Fern'Andez et al 2006). Selective modifications of
hydroxyl groups in 1 are difficult using synthetic
routes due to their similar reactivity and presence of
sensitive lactone ring. However, the transformation
potential of enzymes, specifically lipases has been
explored extensively for regio and stereo-selective
maodification of hydroxyl groups in complex substrates.
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Scheme 1. Lipase catalysed transformation of andrographolide (1)

Table 1. Acylation of 1 at C-14 hydroxyl with vinyl acetate
catalysed by various enzymes,

Conversion (%)
Entry Enzyrme Source Chen at al, 2009)
1 Rowvazym 435 Candida Amtarchica type B W5
2 Lipozyme™ TL  Thermomyres lanugingsus 51.0
1 Lipooyrme™ RM  Rizomucor mished 233
4 Lipozyme'™ Mucar miehei 141
5 Lipase AH Prodamanas copais 190

Accordingly, various microbial lipases have been used
for acylation of hydroxyl group specifically at C-14
positions of 1 using different acyl donors (Scheme 1).
For the first time, Chen et al. (20090 have
developed a highly efficent and lipase mediated
bioconversion process of andrographolide (1) to 14-0-
acetylandrographalide (5). Various commercially avail-
able lipases and proteases were screened for regiose-
lective acylation of 1 using winyl acetate as an acyl
donor. The transformation reaction was carried out in
acetone at 45°C with winyl acetate. Out of the
screened enzymes, four enzymes namely Movezym
435, Lipozyme TL, Lipozyme™ RM, Lipozyme™ have
shown monocacetylation activity, Table 1. Maximum
conversion (99%) and highest yield (96.5%) was
obtained with immobilized lipase from Candida
Antarctica (Novozyme. 435}, however, proteases were
unable to show desired activity. Further, the same
group reported exclusive monoesterification of 1 at C-
14 position using PSL-C an immobilized lipase from
Burkholderia cepacia (Chen et al. 2010). The effect of
different factors such as water activity, reaction tem-
perature and time on bioconversion of 1 was investi-
gated. It was depicted that the performance of
acylation reaction in acetone depends on water activ-
ity. Maximum substrate conversion was observed with
.11 water activity. The thermal stability of the enzyme
was evaluated in the temperature range from 30 to

70°C and maximum production of 14-acetyl androgra-
pholide was observed at 45-50°C. Time course experi-
ment indicated that 99.0% substrate conversion was
obtained on incubation of 1 with PSL-C for the period
of 4hrs under standardized reaction conditions. The
investigation of reusability of PSL-C enzyme for indus-
trial production revealed that PSL-C could be used at
least five times without significant loss in enzyme
activity. In the extension studies, immobilized Candida
antartica lipase B (Novezym 435} and Amano lipase
AK (P, flugrescens) enzymes along with different acyl
moieties were used for the production of series of 14-
substituted andrographolide derivates, Table 2 (Chen
et al. 2011). The scale up and operational stability
experiments revealed that Novozym 435 could be
recycled for the production of 14-acylated androgra-
pholide derivatives on 35 gram scale for B batches
while maintaining 77-92% of s original activity. The
structure-activity study of the obtained derivatives
against Gram-positive and Gram-negative bacteria
evaluated that there is a significant effect of acyl moi-
ety on the antibacterial activity. The strongest activity
was shown by 14-butyryl andrographolide against the
Gram-positive bacterium 8. cereus and Gram-nega-
tive E.coll,

Different combinations of lipases and acyl donors
have been screened for the transformation of 1 (Patil
et al. (2018). The focus of the study was monoesterifi-
cation of 1 specifically at C-14 position using different
acyl donors. Out of the studied enzymes, Amano lip-
ase AK (P fluorescens) was able to transfer selected
acyl groups such as acetate, propicnate, butyrate, dec-
ancate and laurate 1o the hydroxyl group at €-14 pos-
ition of 1, Table 2. Further, the kinetic study of
esterification with respect to solvent for reaction, tem-
perature, chain length of acyl donors and incubation
period up to 6hrs revealed the optimal conditions for
monoesterification of andrographolide (1) wusing
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Table 2. Effect of acyl donor chain length on the regioselective acylation of 1.

Conversion (%)
Entry Byl Donar Novozym 435" (Chen et al. 2011) Amano lipase MK (F. fluorescens)”, (Patil et al 2018}
1 Vinyl acetate g2 og2
2 Vinyl propionate nd® 9.5
3 Vinyl butyrate S04 063
4 Vinyl octancate B32 nd
5 Vimyl decancate nd 955
3 Vind lawrate 857 w5
7 Vinyl e ate 744 nd

"The reaction conditions: 0.1 mmol of 1; 10mmal of acyl donor; 00U enzyme; 5mil scetone; water activity [aw) =0.07; 45 "C; 150 rpm
"The reaction condition: 5mg of lipase; O.1.mmod of 1; 1.0 mmol of acy donor, 3 ml of acetane and incubated at 55°C 100 rpm for 5h

“rad: ot determined,

Amano lipase AK {Pfluorescens) are temperature in the
range from 50 to 55°C with an incubation period of
5hrs in acetone,

3. Whaole- cell transformation

Fungal cultures are capable of catalyzing different
chemical transformations such as hydroxylation, reduc-
tion, elimination, oxidation, rearrangement etc. The
fungus catalyzed biotransformations of principal diter-
penoids extracted from Andrographis paniculata is
studied by several research groups to assess the struc-
ture-activity relationship and to find new chemical
entities with better medicinal properties, Different fun-
gal cultures were screened for the hydroxylation,
reduction as well as oxidation of andrographolide (1)
and other isolated labdane diterpenes (2-4), Table 3,
Few transformations were lead to the novel com-
pounds and further investigation of their biclogical
activities revealed the improvement in the efficacy as
compared to the parent compounds.

Andrographolide (1) was  biotransformed by
Rhizopus stelonifer ATCC 12939 into ten oxygenated
and dehydrated bioconversion products (He et al
2010). The bioconversion was carried out by shake
flask fermentation in potato medium at 28°C for
96 hrs. The extracted metabolites were characterized
by spectroscopic  technigues and  indentified as
12{R),13(R)-12-hydroxyandrographolide (6), 12(5),13(5)-
12-hydroxyandrographolide (7], isoandrographolide
9), 3-dehydro-iscandrographolide (10), 14-deoxy-
11,12-didehydroandrographolide (3}, 3-oxo-14-deoxy-
11,12-didehydroandrographalide  (11), 3-dehydroan-
drographolide (8}, 14-deoxyandrographolide  (4),
3-dehydro-14-deoxyandrographolide (12) and 3-dehy-
dro-14-deoxyandrographolide-19-oic acid (13). Among
the identified compounds 10 and 13 were novel
metabolites, Further, the structure-activity relationship
of the metabolites was studied by testing their anti-
proliferative activities against human breast cancer
{MCF-7), human colon cancer (HCT-116) and human

leukaemia (HL-60) cell lnes. Results of the experiments
showed a considerable and slight decrease in the anti-
profiferative activity of 1 on oxidation of w-hydroxy
group at C-3 carbon to keto group and hydration of
A'*"? double bond respectively, whereas no effect on
activity was observed after dehydration of hydroxyl
group at C-14 {Scheme 2},

Biocatalytic transformation of andrographolide (1)
using Aspergilius ochraceus (ATCC 1008) afforded five
regioselective hydroxylated, dehydrated and oxidized
products {He et al. 2011). During transformation, 1
was incubated with fungal culture in fermentation
media for 96 hrs at a concentration of 4.8 mg/mL The
metabolites were isolated from the fermentation
media and characterized as 14-decwy-11,12-didehy-
droandrographolide (3), 14-deoxy-11,12-didehydroan-
drographolide 19-0ic acid (14), 8f-hydroxy-8{17)-
dihydro-14-deoxy-11,12-didehydroandrographofide
115}, Bf-hydrowy-8(17)-dihydro-14-deaxy-11,12-didehy-
droandrographolide 19-cic acid (16} and Bf-hydroxy-
817 )-dihydroandrographolide (17). Out of the isolated
metabolites 15, 16 and 17 were novel compounds.
Isolated metabolites were investigated for cytotoxic
activity by MTT assay. Most of the bioconversion prod-
ucts showed considerable oytotoxic activity against
human colon cancer (HCT-116), human breast cancer
(MCF-7) and leukaemia (HL-601 cell lines (Scheme 3).
Further, andrographolide (1) was isomerized and dehy-
drated to form 14-deoxy-11,1 2-didehydroandrographo-
lide 13} and andropanclide (18) in a regio- and
sterenselective manner (Sultan et al. 2014} using two
fungal cultures vz, Cunninghamella elegans {TSY 0865)
and Cephalosporium ophidicola (IMI-68589) (Scheme 4).

FengQiu et al. has investigated the microbial trans-
formation of necandrographolide (2), one of the major
constituent of ene-labdane diterpenods obtained from
Andrographis paniculate using Aspergifius niger (AS
3.739) {Chen et al, 2007). After whole-cell transform-
ation of 2, five metabolites viz. 8(17),13-ent-labdadien-
16,15-olid-15-0ic acid (19), 19%hydroxy-8(17),13-ent-lab-
dadien-16,15-0lide (200, 18-hydroxy-8(17),13-ent-
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5. Mo,

Labdane diterpenoid isubstrate)

Fungal culture (biocatalyst)

Transformation produscts

1

Aredrograghotide (1)

Andrographolide {1}

Andrographotide (1)
Andrographolide (1)

MNegandrographolide (2)

Negandrographolide (2)

Dehydroandregraphalide (3]

Dehydroandrographolide (3}

Drehydreandrographolide (3}

Deaxyandrographalide [4)

Deaxyandrographolide (4]

Rhizapus siakonifer (ATCC 17939)
{He et al. 2010}

Aspergilus ochraceus (ATCC 1008)
(He et al. 2011}

Curmingtamella eleqans (TSY 0865
{Sultan et al. 2074

Cephalosporium aphidicoln TAM-68659)
{Sultan et al, 2014)

Aspergiilus niger (A5 3.739)

[Chen et ak 2007)

Murcor spinosus (AS 3.2450)
{Wang et al. 2011)

Cunrtimghamelia elegams
(Xinac eg al. 2009

Cunminghamella echinwkata (A5 3.3400)
(i et al, 2008

Cuminghamelia blakesleana (A5 3970}

(Chena &t al, 2071)

Cuerninghamedla biakesieana (AS 3970)
(Chena et al. 2011)

Fusarium graminedrurm (A5 3.45%8)
(Kin et al, 2077)

T2(R, 1311 2-hydroxyandrographolide 12),

1d-deoxy-11,12-didehydreandrographelide (31,

14-deoxyandrographotide (4],

12[5113{5)-1.2-hydroxyandrographolide (7],

I-debydroandrographolide {B),

isnandrographolide (9),

J-dehydro-iscandrographalide (10],

F-oxe-14-deoxy-11,12-didehydrosndrographolide (17,

3-dehydro- 14-decxyandrographolide (12},

F-debydro- 19-deoxyandiogra pholide-19-oic acid (13).

14-decxy-11,13-didehydroandrographolide 19-0ic acid
(14],

B-hyedrooty-B1 7-diyd ro-14-deony-11,12-
didahydroandrographolide (15),

Afi-hydnouy-B 1 T-dihyd ro-14-deowy-11,12-
didehydroandrogragholide 19-olc ackd (16,

8- hydroxy-B(1 Fdibydroandrographalide (171,

T4-deqxy-11,12-didehydreandrogragholide {190

14-deoxy-11,12-didehydroandrographolide (3}

andropanclide {18)
Zez-hrydroocy-81 7], 13-ent-labdadien-16,15-olid-19-olc acd
14,

BT 1 3-ent-lbdadien-16,15-0lid-19-ic agd (19),
19:hydroy-8117), 13-ent-labdadien- 16,1 5-olide {20),
JB-{I'?'TI:IH'HE]?I'.HM-I&MMIHI-IE,] S-olid-19-0ic acid
I r
3, 19-cibyckaay-ent-labd-1 3-en- 16, 15-olide (22)
14-depxyandrographolide ),
801711 3-ent-labdadien- 16,15-0lid-19-0ic add (19},
3 14-didecuyandrographolide (207,
phiogantholide-# (23],
7 i-biyebroncy-3, 14 dideuryandragraphalide (24},
18- -D-glucopyranosy oy }-19-0xo-ent-labda-8i17),13-
dien-16,15-ofide [25],
B 07,1 9-tribwydroxy-ent-labd-13-en-16, 15-olide (6],
17, 159-difyd roocy-7,13-ent-labdadien- 16,1 5-olide. (271,
17 1% dihydroo-8,1 3-entlabdacien- 16,15-olde (28],
B 17 frepoxy-3,14-dideoxyandrographolide (297,
J-oxo-defwdroandrographolide (30},
3-omp-2 [-hydrowy-dehydroandnographolide (31),
J-oxo-8[.1 Ta-epoxydetydroandrographobide32),
3,19-ditwpdrony-7.1 1,1 3-ent-tab-datrien- 15, 16-olide (33)
F-oxg-hydroxydehydroandrographaolide (30], 7r-
hydromydehydroandrographolide (34),
9f-hydrooydahydroandrographolide (35),
8k 179-eposydehydroandrographolide {36),
F-oxe-9f-hydeoxydehydroandregrapholide (37),
J-oxo-dehydroandrographolide (204
B, 1 7-epoydehydroandragraphalide (24),
3-oxo-8 1 7a-epoxydehydroandrogeaphobde (27),
Sit-hydroxydehydroandrographalide (35),
F-omp-9f-hydromyciehydroandrographolide (37)
3o, 125, V9-trivycromy-817, 911 emt-tabdadien-16, 15-
olice (38}
1d-deoxy-128-hydroxyandrographelide [39)
3-oxo-14-decxyandrographolide (12),
3e,17,19-tribwdrosy-7, 1 3-ent-labdadien- 16,1 5-olide (80},
Ti-hydroxy-14- deoyandrographolide (42),
F-om-TR-hydroxy-14-deanyandrographolide (43),
B 1 73~ epoxy-14-decxyandrographolide (44}
F-owo-Bf 1 To-epouy-14-decgandrographolide (45)
3o, 17,1 9-mityedrosy -8, 13-enr-Bbdadien-16, 15-olide {41),
3-owe-B.1 7 frepouy-14-deoxyandrographolide 46)
9f-ydromy-14-degxyandrographolide (47)
J-oxp-14-deaxyandrographalide (12),
7i-hydroayl-14-decxyandrographolide (42),
3-ono-8.1 7 frepouy-14-decxyandrographolide (46},
1f-hydroonyl- 14-decwyandrographolide (48),
F-omo-17,19-dihydrowyd-8,1 3-ent-labdadien-15.16-
olide (49]

{comtinued)
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Table 3. Continued.

5. No. Labdane diterpenoid (substrate) Fungal culture (Biocatabyst) Transformation products
12 Decxyandrographolide (4] Alternaric afternate (A5 34578) dehydroandrographolide {3},
(i et al. 2017 af-hordroatydehydroandrographalide (35),

e 47,19 tribwpdrovey -8, 1 3-en rHabdadien- 15, 16-olide (41},
af-hydroaydeonpandrographalide (47),

3-omo-2f-hydeosydeoxyandragrapholide (50)
13 Breoxyandrographolide {4 Cumnimghamelia biokeskeana (A5 32004} 3-omp-17,19-dibypdroy-7, 13-ent-labdadien- 15, 16-ofide
(¥iao et al. 2021 140),

3-o%o-2 f-hydeany-14-decxyandrographaolide (55),
F-0m0-1 fr-hyarosy-14-deowy-andrographolide (58],
F-omo-19-hydroxky-1,13-emi-labdadien-15,16-olide (57)
Cther 21 metabolites (Schema 13)

14 Deowyandrographolide (4] Curmnimahamela echinulata (AS 3.3400) 37,1 9-trihydrowyl-7, 1 Fent-abdadien-1516-ofide (47},

LLi et al. 2071}

3-ox0-72-hydegy-14-deoxyandrographolide (43),

Fooxo-BfL 1 Ta-epoey-14-denxyandrographolide (45),

Ba-formyl-1d-dacuy andrographolide (59)

Bf-methayl- 17 a-hydroyl-18-deoxyandro-graphokde
el

Ti-hydroay- 14-decxyandrographalide (42),

F-omo-14-decwyandrographalide (12),

defhydroandrographolide (3],

8t 17 a-epoxy-dehydroandrographolide (44)

S-hydrooy-dehydroandrographolide (35),

3-ox0-8 [ hydramydehydroandrographolide (37}

HO"
TH0H

Andragrapholide (1)

9.R;=H,R;=0H
10.R &R, = O

3.Ry=H,R;=0H

4. R1 = H. ﬁ.g = IL'.'PH. Hg = CH;‘DH
12, Ril?nR;- =0, R; L CHEGH

- RARz =0 13. R,8R. = O, Ry = COOH

Scheme 2. Biotransfromation of androghapholide (1) by Rhizopus stolonifer,

labdadien-16,15-olid-19-oic acid (21), 3x-hydroxy-8(17),
13-ent-labdadien-16,15-olid-19-0ic acid {4} and 8[19-
dihydroxy-ent-labd-13-en-16,15-0lide  (22) were iso-
lated and purified from fermentation media. Out of
the solated metabolites, 21 and 22 were new

compounds. The preparative scale biotransformation
of 2 (2gm} was carried out in 150mL fermentation
media and the transformed products were identified
by speciroscopic techniques. (Scheme 5). The fungal
culture Mucor spinosus (AS 3.2450) have transformed
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I A. ochraceus
: e

Ho

TH,OH

Andrographaolide (1) 3.R; = CHOH 153. Ry = CHOH 17
14. R, = COOH 16. R; = COCH

Scheme 3. Biotransfromation of andreghapholide (1) by Aspergilius ochraceus.

C. aphidicala z ol
i E
o 3
’ | -
HO" ™, }'-:“:} HO" Br
| cioH
s 18
E :: T 0
3 1
G (8]
o |
cHom /
Andrographalide (1) G- ofegana =2
+
HO™
CHLOH
3

Scheme 4. Biotransformation of andrographolide (1) by Cunninghamelia elegans and Cephalesporium aphidicola,

A, niger 5

j +
3 Ry
o i r{ R
HE}HE%G
19. R, = H, R, = CH,, Ry = COOH
H?IG 20. Ry = H, Ry = CHa, Ry = CHyOH 22
21. Ry = H, Rz = CHOH, R; = COOH
Neoandrographolied (2) 4. R; = OH, R; = CHg, Ry = CH,OH

Scheme 5. Biotransformation of necandrographalied (2) by Aspergilfus niger,

7
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—

-
1«&/\[/§“D
1Y
Ry
L]
R 3

7 R
19. R, = H, Ry = CHs, Ry = COOH

20.R, = H, Ry = GHy, Ry = CH,0H
4 R, = OH, R, = CHy, Ry = CH,OH

Ry

Eh,om

H.F'.|=GH, R2=H
24.R, =H, R, = OH

—Q
1
R o]
3 ' M. spinosus
A -

19
HGHH%%HD
HQio

Mecandrographolied (2)

[a] A=0

HOHEW
A

ee)
Eh,0H
26.R, = H, R, = OH, Ry = CH,0H, R, = H

27. Ry=R;=A"" Ry=CH;OH, Ry =H 29
2'3. R-! = H.. R2=Rq=£1lx'“. Ra = EHﬁH

Scheme 6. Biotransformation of necandrographolied (2) by Mucor spinosos.

necandrographelide (2) in fermentation media into
different metabolites (Wang et al. 2011}. Different kind
of enzymatic reactions such as hydroxylation, oxida-
tion, glycosylation, epoxidation and elimination had
occurred after 3 days incubation of 2 with M. spinosus.
Total ten biotransformed products were isolated
from fermentation media viz, 14-deoxyandrographo-
lide (4), 8(17).13-ent-labdadien-16,15-olid-19-0ic acid
(193, 3.14-dideoxyandrographolide {20}, phlogantho-
licde-8 (23], 7p-hydroxy-3,14-dideoryvandrographolide
(24),  19-[(f-D-glucopyranosyljoxy]-19-oxo-ent-labda-
8(17),13-dien-16,15-clide (25), 8,17,19-trihydroxy-ent-
labd-13-en-16, 15-olide (26), 17,19-dihydroxy-7,13-ent-
labdadien-1615-clide  (27),  17,19-dihydroxy-8,13-
entlabdadien- 16,15-olide (28) and 8[3,17-epoxy-3,14-
dideoxyandrographolide (29). Among the transformed
products five viz. 24, 25, 27.28, and 29 were new
compounds. The effect of isolated metabolites on
nitric oxide production induced by LPS in macro-
phages was investigated. Some metabolites showed
inhibitory effect on NO production same as 2
{Scheme @)

Dehydroandrographolide also known as  14-deoxy-
11,12 didehydroandrographolide (3) is an active phyto-
chemical extracted from A. paniculata. It is transformed
into its derivatives by different Cunninghamella sp. The

transformation of 14-deoxy-11,12-didehydroandrogra-
pholide (3} using Cunninghamella elegans resulted into
four metabolites wz, 3-oxo-dehydroandrographolide
i30), 3-oxo-2[-hydroxy-dehydraandrographolide (31), 3-
oxo-80,17x-epoxydehydroandro grapholide (32), 319
dihydroxy-7,11,13-ent-labdatrien-15,16-olide (33) out of
which 31 to 33 metabolites were new compounds (Xin
et al. 2009). During tramsformation 500mg of 3 was
incubated with fungal culture for 6 days in the femrmen-
tation media (Scheme 7). Highly regio-specific hydroxyl-
ation of dehydroandrographolide (3} at C-9 was
observed on incubation with Cunninghamella echinulata
A5 3.3400 in 72% vield, Five metabolites were isolated
fram fermentation media and identified as 3-oxp-
hydroxydehydroandrographolide (30, Ta-hydroxydehy-
droandrographolide (34), 9p-hydroxydehydroandrogra-
pholide (35}, 801 7x-epoxydehydroandro-grapholide
(36) and 3-owo-9f-hydroxydehydroandrographolide
(37), respectively. Out of the purified metabolites three
were novel compounds (34, 35 and 37). The cytotox-
idty study indicated that metabolite 35 has more activ-
ity as compared to the substrate 3 (Xin, Su, et al. 2009)
{scheme B),

The fungal culture Cunninghamella blakesieana (AS
3.970) has efficiently transformed dehydroandrogra-
pholide (3) into seven oxidised derivatives (Chena
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HO' %18 o %19
CH,OH CH,OH
1d-deony-11,12- W.R=H 12 33
didehydroandrographolide (3) N.R;=0H

Scheme 7. Biotrasformation of 14-deoxy-11,12-didehydroandrographolide (3) by Cunninghamella.

i —
- Q
V
3 C. echinulata
3 e

8
CH,0H
Dehydroandrographolide (3)

34. R1=GH.RJ=H
35. R1=H,H2=DH

Scheme B. Biotrasformation of dehydroandrographolide (3) by Cunninghamella echinulore,

Q I—G
1 1
I 0 4%/5::0
4
3 ' C. blakesleana 3
H D‘“ R R?' s
=18 =) )
CHa0H ' THLO0H
Dehydroandrographolide (3) 36.R; =H,R:=0H

32.R; &Ry = O,

218
CH,0H
35- R'l = H|H2=EH".HE=UH
3U.H1&RZ=G,R3=H
37.R; & R, = O, R, = OH

B R, =0H R =H
39.R; =H, Ry = OH

Scheme 9. Biotrasformation of dehydroandrographalide (3) by Cunninghamella bigkesdeana.

et al. 2011). The transformation afforded 3, 125, 19-
trihydroxy-B{17}, 9{11}-ent-labdadien-16, 15-clide (38}
new compound, Other six metabolites were character-
ized by comparing their spectroscopic data with
reports in the literature and identified as 3-oxo-dehy-
droandrographolide  (30), 8]},17x-epoxydehydroan-
drographolide  (36),  3-oxo-8[,17w-epoxydehydro
andrographolide (32), 9f-hydroxydehydroandrogra-
pholide (35), 3-oxo-9p-hydroxydehydroandrographo-
lide (37) and 14-decxy-12R-hydroxyvandrographaolide
(39). The evaluation of inhibitory activity of the

isolated metabolites on nitric acid production in lipo-
polysaccharide-activated macrophages provided pre-
liminary information about the structure-activity
relationship (SAR) which can be extended to establish
3 as anti-inflammatory agents {Scheme 8).

The diterpene lactone, decwyandrographolide (4)
obtained from A poniculoto exhibits anti-cancer and
anti-inflammatory activity (Dai et al. 2019). It is also
known as t4-deoxy-didehydroandrographolide (4), The
microbial transformations of 4 have been carried out
for finding the derivatives with better bioactivity and
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C. blakesleana
S ikl

'-'__?g‘
CH;OH

Deoxyandrographolide (4)

R?' '3
Ry

: 40. Ry =R.=A""  Ry=H
1. Ry = H Ry = Ry ™

1@0

A0
CH,OH
44.R,=H,R,=OH

18
CH,0H

‘2.R1=H,H2= DH.H3=0H.H4=H
43.R, & Ry = 0. Ry = H, Ry = OH
12.R, &Ry =0. Ry =H Ry= H

48

45. R1 & Ez =0
Scheme 10. Biotrasformation of deoxyandrographolide (4) by Cunminghamella blakedemna

—0 o —0
i 1 |
A ] S0 R0
= 3 R = =Ry = 5
5 ' P
3@( F. graminearum J Ry w
HO" HO™ Ro 0% > 0™ "
cif,oH cHoH CHLOH tHoH
48, R, =0H,R,=H  12LR,.Ry=487 R,=H 46

Deoxyandrographofide (4)

42, R;=H RB; =0H

48, Rs = CH,OH, Ry.R; = A™

Scheme 11. Biotransformation of deawyandrographolide (4) by Fusarum grominegrum.

water-solubility properties. The fungal transformation
of decxyandrographolide (4) by Cunninghamella blake-
slegna (AS 3.970) in the potato medium with substrate
concentration of 4mgfml at 28°C for 4Bhrs yielded
three novel metabolites wiz, 32,17,1%trihydroxy-8,13-
ent-labdadien-16, 15-olide (41), 3-oxo-Bo,17[-epoxy-
14-deoxyandrographolide  (46) and Sfk-hydroxy-14-
deoxyandrographolide (47) (Chena et al. 2011). Other
known six metabolites isolated from fermentation
media are 3-oxo-14-deoxyandrographolide  (12),
32,17, 19-trihydroxy-7,13-ent-labdadien-16,15-olide (40),
75-hydrioxy-14- deoxyvandrographolide (42), 3-0xo-7R-
hydroxy-14-deoxyandrographolide (43), 8,172 epoxy-

14-deoxyandrographolide (44) and 3-oxo-Bf17a-
epoxy-14-deoxyandrographolide (45). All the isolated
metabolites were evaluated for nitric acid production
inhibition activity in lipopolysaccharide-activated mac-
rophages to reveal structure-activity relationship (SAR)
(Scheme 10).

The regioselective transformation of deoxyandrog-
rapholide (4) by Fusarium graminearum (AS 3.4598) for
Sdays, leads to different enzymatic reactions such as
hydroxylation, epoxidation and oxidation (Xin, Cui, et
al. 2011}, The transformation afforded five more polar
products, 3-oxo-14-decxyandrographolide (12), 7h-
hydroxyl-14-deoxyandrographolide (42), 3-oxo-Bx 17
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epoxy-14-deoxyandrographolide (46), 1-hydroxyl-14- The fungal culture Alternardo alternate (AS 3.4578)
deoxyandrographolide (48) and 3-ox0-17,19-dihy-  have hydroxylated deoxyandrographolide (4) after fer-
droxyl-8,13-ent-labdadien-15,16-olide  (49), out of mentation into dehydroandrographolide (3), 9§
which compounds 46, 48 and 49 were novel hydroxydehydroandrographolide  (35), 32,17, 19%trihy-
iScheme 11). droxyl-8,13-ent-labdadien-15,16-olide (41}, G-

"
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Scheme 14, Biotrasformation of deoxyandrographalide (4) by Cunninghamelia echinulata.

hydroxydeoxyandrographolide (47), and 3-oxo- 9
hydroxydeoxyandrographolide (50) (Xin et al. 2017)
{5cherna 12). In continuance, Deng et al. (2012) have
investigated the transformation of deoxyandrographo-
lide (4] by Cunninghamella blakesleana (AS 3.2004). On
Sdays incubation with C. blakesleana, the substrate 4
was transformed into twenty five different analogues,
among them four metabolites viz,3-ox0-17,1%dihy-
droxy-7,13-ent-labdadien-15,16-clide (40}, 3-oxo-2-
hydroxy-14-deoxyandrographolide  (55),  3-oxo-10-
hydroxy-14-deoxy-andrographolide (56) and 3-oxo-19-
hydroxy-1,13-ent-labdadien-15,16-olide {57) were new
compounds. All isolated metabolites were analyzed for
the cytotoxic activities on RAW 2647 macrophages
and inhibitory activities against LPS-induced NO pro-
duction in RAW 264.7 macrophages. The 5AR studies
indicated that y-butyrolactone and epoxy moieties
may be responsible for cytotoxic activity. Further, it
was evaluated that presence of the 3-ketone group,
v-butyrolactone or the absence of hydroxyl group at
C-3 are the key functional groups responsible for
enhancing the inhibitory activity of 5 (Scheme 13).
The fungus Cunninghamella echinulata (AS 3.3400)
have metabolized deoxyandrographolide (4) to eleven
derivatives [Li et al. 2011). Out of the purified metabo-
lites five were novel compounds and charactenzed as

33,17, 1% trihydroxyl-7,1 3-ent-labdadien-15,1 6-olide
(40), 3-oxo-7a-hydroxy-1d-deoxyandrographolide (43),
3-oxe-8[,1 7u-epory-14-decwyandrographolide (45), 84-
formyl-14-deoxyandrographolide (59} and  8fF
methoxyl-17_-hydroxyl-14-deoxyandro-grapholide {60).
The in vitro cytotoxicities of metabolites were deter-
mined against MCF and A562 cells by the MTT bio-
assay. The SAR study revealed that presence of the
carbonyl group at C-3 improves cytotoxic activity
whereas there is no significant effect on activity due
ta hydroxylation at C-17 (Scheme 14).

4. Conclusion

In summary, whole-cell and pure enzyme catalysed
transformations s an attractive, cost effective and
environment friendly altemative tool for the regiose
lective derivatization of bicactive labdane diterpenes
isolated from Andrographis paniculata. The transform-
ation processes can further be standardised and scaled
up to commercial scale for industrial production
Consequently, exploring a wide range of biocatalysts
as well as integrating the biotransformation process
with chemical synthesis are promising approaches to
prepare wide range of diterpene derivatives, which



can be probed as novel lead molecules in pharma-
ceutical and medicinal field,
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Abstract:

Ayreeved firstly nirod . . i
alihough rcﬁ:,-};,ga, ,:;::Jd::; :hn:“wlmn-;;iiﬁ:,'l; mf::ﬂqimmn.l sysiem hut, " is :Ii[ﬁ:.-ulll fo trace oun the origin of tis concept,
il danshrit i, 3 o Bz o :ﬁl m ancient .-a.:rus#m.lnerawm From the ulll-lllllﬂl'l\ related in hhasma’ n
well a5 non-vegetable materials sed it fm“ '.:nl"fma“n” af (i) living as well as non-living malters (ii) vegeable as
wnkong . possessed some special significance and importance 1n vanous rehgions funciions, yoga and
mmhﬁmlln_;i:;z f;::rlcm:.lf Ifh:m: :!r:m:: the '{‘a"mpﬂmliw—‘ :;.I-ud}' ur_:h;;wm.mn: analysis of two commercial amples of
s 1o i sl n pr!pamhm.ni Iohablipsma 15 also Lm!mﬂant, Cmiginally, aptirvedic system of medicine was
hmeyu etc. Later on metal-bas d:,m;,:: vanoushdi) and 1o some extent to animal products such as cow-uring, cow-dung, cow-milk,
s ':lnsm sy ed bhasmas were inroduced and suhseguently they constituies the most impartant class of drugs of
s ! ,Hd and mprvedic frf:'dn;mﬁ will receive miove and mese appreciation and imponance all over the world. Meral-
sed apurvedic drugs being the superior drugs as compared 1o all other classes of drugs. there i an excellent opportunity 1o
rejuvenate this original art with the help of modem scientific development
Keywords: lohabhasma, ayurved, vanaushdi, drgs, cowurine

Introduction:

Iran, hﬂll‘ls_an element of vital importance, in life process, possesses equal importance in 2l medical sysiems, castem o westem.
Therefore, iron based medicinal preparations are pharmaceutical products of common interest of all pharmacies. Lohabhasma is
one of such product for which there is large scale demand both for clinical purpose as well s for other mvurvedic formulations of
which .Mﬂﬁhfm‘m& it an important constituent. Accordingly, the numher of ayevedic pharmacies and modern pharmacies,
preparing -fah’:b.lmmn on small or large scale is tremendous and, m every staic, lohabhasma is prepared by waditional methods.
'I"imhi::ecimn of particular method depends an the localion of the pharmacy and availability of the raw materials required for
HYIINesIs,

All the commercial samples sold in the market i India may be broadly divaded into two or three calegories as Ordinary
fuhabhasma prepared from metallic iron, which is synthesized hy some inditional process, the desails of which are not
specifiedd. Since cheaper or waste iron powder or sheets are used a5 santing materials and readily available media are used such as
cow-urine or medicinal plant materials are used for bhasaikarane, these are much cheaper and therefore they are commonly used
for clinical purpose. Antn lohabhasma prepared hy using magnetite or other type of magnenc iran s the starting material. This is
more costly and prepared by some apurvedic physicians for their treatment, Here also the method of synthesis is neither specified
ot literature reference s given.

From medicinal point of view, no significant difterence in the properties of fafiahhasnin helonging to any calegory i%
reported along with experimental supports. Thereloe. all the commercial samples are mare or less similar in their guality
utility. Due 10 this reason, and because the number of pharmacies is very large, only representative pharmacies from different states
are listed in Table | For lofabhasma some work has been carried out by us previously,

Hut the present work is the first attempt to carry out a systematic work
on comparative study of two comimercial samples using modern technigees such 33 thermogravinetric analysis, Comparative

suudy of the commercial samples of metal-based avrvedic biosmas 15 one of our main activity during past few years,

Experimental Procedure.
I this method firstly the iron powder (300g) was subjected to general method of purification in which the powder was heated 1o

red heat and then dipped successively in il ail, hutter milk. cow urine and aquenis extract of dolichas (Aufith) and nce {karfi). For
special purification, the above processed iron powder {500g) was heated and dipped in freshly collecied cow-urine. This aperntion

of heating and dipping the hat iron powder in cow urine was repeated seven fimes.
After special purification, the iron powder was taken in 2 mortar and mixed with cow-urine and the mixture was trituraied

for six hours, This mixture was kept avernight for interaction to complate the destruction of metallic state (naranal,

SOME REPRESENTATIVE AYURVEDIC PHARMACIES MANUFACTURING LONABHASMA
Table (11 Representative awmnedic pharmacies, which inanu factuse Jolihiasi

No. | Name of the pharmacy Place | Stale

1 Kalpataru Avurvedic works Lid Kolkanz | West Benual

2 | Dhanwantan Mumbai | Maharastra

3 | Deendaval Averved Phanmacy padva Pradesh |
| 4| Unza Pharmacy | Unea | Gujrat |

Volume-35, No.2 2021 2
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polymer:

- }he Synthesis of

and easy availability, However, the uge of such macromolecules

in pure form, as heterogeneous catalysts, is of great impar.
ance owing to elimination of toxicity of metals, and their oxides,
biodegradability, eco-friendly properties, and cost-effectively/*
Sodium alginate acts as Bronsted acid in chemical transforma-
tions and additionally, the ability of sodium alginate for absorb.
Ing water, promotes jts catalytic activity, expecially when water jo
3 byproduct of the reaction such as condensation reactiong, |57
The chemistry of chalcone has generated intensive scientific
studies throughout the world. The presence of a reactive a, i
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nt, Recyclable Green
Derivatives under

Unsalirited ke fuaric ticpal Broup in
chalcone is foung g, b responsible for their
AntEmicrebis) ACivity M1 1 e Claisen-
Schmide reaction, the encentration of 5.

kali used, usually ranges between M ang
60% or its carripd Ut under ghrong acidie

conditione [0 reachon is carried gy
Atabiout 50 C for 12-1 Shorat room femper.
ature for almiost 1 week. Also, the Claisen
Schmidt reaction Was improved by using
Various catalyst systems (1718 Herein we
Teport a one-pot green chemistry reaction
method by using sedium alginate biopaly

2. Experimental Section

Melting points were measured on an Electro therma] melting.
POINE apparatus snd were uncorrected, [nfraped (IR} spectra were
recorded on a Shimadzy Fourier transform IFT)-iR 8101 PC IR
spectrophotometer,

2.1. General Procedure

A mixture of the aromatic methyl ketone (5 mmol), arematic alde.
hyde (5 mmol) wag dissolved in § m L ethanel. 15 mal2 of sodium
alginate was added as the catalyst, and the reaction mixture wag

stirred at ropm lemperatre an 3 magnetic stirrer for the appro-
priate time (Scheme 1}

2.2. Optimization of Reaction Conditions
2.2.1. Sereening af Catalyst and its Amount

A control reaction experiment was performed without caty.
lyst resulting in low yields of products and high reaction time
(Table 1). Various catalysts such as acetic acid, tartaric acid, chi.
tosan, starch, sodium alginate, and reaction without catalyst were
tested and compared with respect o vields of the product under
fhagnetic stirring. The conteol reaction in the presence of sodinvm
aginate affarded the praduct quickly with higher yield inethanol
inder magnetic stirring,
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