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SECTION 3. QuALITy mANAgEmENT 
OF FRuIT AND VEgETABLES



102

En
v

ir
o

n
m

En
ta

ll
y 

Fr
iE

n
d

ly
 a

n
d

 S
a

FE
 t

Ec
h

n
o

lo
g

iE
S 

Fo
r 

Q
u

a
li

ty
 o

F 
Fr

u
it

S 
a

n
d

 v
Eg

Et
a

bl
ES

16. DESERT PLANTS WITH mEDICINAL VALuE

Rivka Ofir
Dead Sea &Arava Science Center, Newe Zohar, 86910, Israel
E-mail: rivir@bgu.ac.il 

abstract
Treatment of cancer with chemotherapy has two main problems: toxicity to normal cells and failure to 

kill cancer cells. Cancer cells are characterized by uncontrolled cells proliferation and unlimited life 

span. Development of anti-cancer drug should involve the search for compounds capable of halting 

cell proliferation and/or leading to cell death. Combination of both types of drugs will make efficient 

chemotherapy. The compounds selected in this study are unique in their mode of action: they activate 

the protein procaspase-3, a critical enzyme in cell death process known as: apoptosis or programmed cell 

death. Although programmed cell death occurs naturally, too much or too little apoptosis cause diseases. 

Not enough apoptosis cause cancer. Apoptosis involves a cascade of enzymes (caspases) that are made as 

latent zymogens (pro-enzymes); procaspases activated following apoptotic death stimuli, lead to cleavage 

of cellular proteins, cleavage of DNA and cell death. The enzyme caspase-3 acts in a point of no return in 

this cascade. As such, compounds that will activate caspase-3 will be considered as potential anti-cancer 

drugs. In practice, for a compound to be considered as a potential lead drug, it should be a small molecule, 

stable, selective, and able to penetrate cellular membranes effectively. Following screening of plant extracts 

against several cancer models and through development of an assay that can detect compounds which 

activate caspase-3, several extracts capable of killing cancer cells by activating caspase-3 were identified. 

Introduction
Cancer is one of the leading causes of death. In the United States there are 1.4 million cases of cancer 

per year and 0.5 million cases of death. Cancer of the prostate, breast, lung and colon are the most 

frequent type of cancers.  onventional treatment work by killing the cancer cells with a dose of chemo-or 

radiotherapy. New generation of anti-cancer drug will be based on the knowledge regarding how cells kill 

themselves- a process called apoptosis or programmed cell death (Weil et al. 1996). Unlike cell death that 

occurs during and after tissue injury, apoptosis occurs in healthy tissue and does not trigger inflammation. 

Although programmed cell death occurs naturally, too much or too little cause disease. Excessive apoptosis 

may underlie the nerve damage in diseases such as Parkinson’s and Alzheimer’s. Not enough apoptosis, on 

the other hand, causes cancer. Too little apoptosis leads to too many cells; compounds capable of activating 

cell death will enable the reduction of cell number. The goal is a drug that triggers apoptosis in cancer 

cells but not in normal cells. At the heart of the conserved biochemical pathway that mediates the highly 

ordered process of apoptosis are a family of cysteine proteases, termed ‘caspases’ (cysteinyl aspartate-

specific proteinases). Caspases are produced as precursor molecules that require processing into two 

subunits to produce a fully active enzyme (Thornberry & Lazebnik 1998). On the basis of primary structure, 

proapoptotic caspases can be divided into two classes, class I including caspases that contain a long amino-

terminal prodomain, and class II with a short or absent prodomain. One of the key regulatory steps for 

apoptosis is the activation of caspases, leading to the characteristic morphological changes associated 

with apoptotic cells including chromatin condensation, DNA fragmentation into nucleosomal fragments, 

nuclear membrane break down, externalization of phosphatidylserine and formation of apoptotic bodies 

that are readily phagocytosed. The mechanism of caspase activation is poorly understood but recent 

studies demonstrate that procaspases can be activated through dimerization/oligomerization. Caspases 

are present as inactive pro-enzymes, most of which are activated following cleavage at a specific aspartate 

cleavage site and assembly of their active subunits. Caspase-8, caspase-9 and caspase-3 are situated at 
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pivotal junction. Caspase-3 appears to amplify the caspase-8 and caspase-9 signal into a full commitment 

to disassembly. We have recently shown that p53-null T lymphoma cell lines, but not normal T cells, are 

highly sensitive to inhibition of gene/protein expression. These lymphoma cells seem to be primed for 

apoptosis but protected by an unknown labile protein (Ofir et al. 1999, and unpublished results). Some 

protein inhibit caspase activity: when they are not produced, apoptosis begins. The hope is to find drugs 

that will inactivate such inhibitors of apoptosis only in cancer cells.

Natural products research continue to be an invaluable source of leads, with examples such as antibiotics, 

analgestics such as epibatidine, the cholesterol-lowering drug mevinolin and the anticancer agent taxol. 

Purification of the active constituents of natural products enable to define their chemical structure and 

make it possible to chemically modify them to improve their efficacy and their safety. According to recent 

studies on apoptosis in plants it became clear that the process of apoptosis is conserved also in plants and 

as such it is reasonable to assume that there are activators/inhibitors of apoptosis in plants.  It has been 

shown recently that natural compounds like resveratrol (Jang et al. 1997; Szende et al. 2000), wheat bran 

(Jenab & Thompson 2000), the Chinese herb Tripterygium Wilfordii hook (Lee et al. 1999), agents found in 

plant extracts like mistletoe and Semicarpus anacardium (Thatte et al. 2000) induce apoptosis. The progress 

in defining, at the molecular and cellular levels, the mechanisms of pathology in plants and the finding of 

caspase- like enzymes in plants (Korthout et al. 2000) make the search for caspase activating compounds 

in plant less dependent on serendipity than in earlier times. 

In the present study we identified plant extracts capable of activating the protein procaspase-3. 

Two pathways for processing of procaspase-3 are described (Scheme 1): I. Cleavage between the large 

and small domains following by cleavage between the pro domain and the large domain. II. Cleavage 

between the pro domain and the large domain following by cleavage between the large and the  small 

domains. Among the active extracts described in this project, one extract uses pathway II and three use 

pathway I for the activation of procaspase-3. 

Scheme 1: Two pathways for processing procaspase-3                                     
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results
In this section results will be presented showing that the selected active plant extract activate the enzymatic 

activity of caspase-3. The parameters tested were: enzymatic activity, DNA ladder, Western blotting and 

processing of procaspase-3 in situ ( in the test tube) and in cellular extracts. In addition, the processing of 

procaspase-3 synthesized in reticulocytes lysate from the cDNA of procaspase-3 was also tested. 

The active plant extracts were identified by the following symbols: RO4 and RO39, are aqueous plant 

extracts; RO139, RO144 and RO197 are plant extracts prepared in ethanol.  

Cytotoxicity of Plant Extracts in various tumor models
Cell lines representing various tumor models were incubated with plant extracts and cellular viability was 

measured; results are summerized in Table 1.

table 1. Viability of human tumor cell lines following incubation with plant extracts.

Plant Extract
Human tumor models

Lymphoma Prostate cancer Melanoma Breasts cancer Ovarian

RO4 + + - - -

RO39 + - - - -

RO139 + + + + -

RO144 + + + - -

RO197 + + + + -

+ more than 50% killing; –less than 50% killing. 
Viability was defined as cell survival above spontaneous death. Viability was measured with the reagant XTT ( XTT as a 
tetrazolium salt react with mitochondtrail enzymes that are active only in alive cells).

apoptosis of human and mouse hematopoietic Cell lines following Incubation with Plant 
Extracts 
Cell were incubated with plant extracts and the apoptotic cells were identified by FACS analysis. The results 

are summerized in Table 2.

table 2. FACS analysis of leukemic cells following incubation with plant extracts.

Plant Extract

Apoptotic cells (%)

Mouse cell line Human cell line

5 h 16 h 5 h 16 h

Control 0.5 2 1 1

RO4 2 47 0 58

RO39 0.5 6 1 10

RO139 2 56 0 0

RO144 22 33 0 13

RO197 0 26 1 25

Caspase-3 activation following Incubation of tumor Cell lines with Plant Extracts
Initial screening for proapoptotic activity in plant extracts lead to the identification of 5 extracts containing 

agents capable of inducing caspase-3 enzymatic activity. The results of caspase-3 activity, as measured in 

cellular extracts following the incubation of mouse leukemic cells with plant extracts, are  summarized in 

Table 3 and Fig 1. 



105

Se
c

ti
o

n
 3

. Q
u

a
li

ty
 m

a
n

a
g

em
en

t 
o

f 
fr

u
it

 a
n

d
 v

eg
et

a
bl

eS

table 3. Caspase-3 activity following incubation of mouse leukemic cells with plant extracts*.

Plant Extract Caspase-3 activity (pmol/min/ug) of protein

RO4 11

RO39 11

RO139 78

RO144 99

EtOH 0

*mouse leukemic cells were incubated with plant extracts for 6 h Caspase-3 activity was measured in cellular extracts 
using a colorimetric substrate according to the manufecturers instructions.

fig 1. The inhibitor DEVD-CHO inhibits Caspase-3 activity induced by plant extracts. Leukemic mouse cells were 
induced to undergo apoptosis by treatment with a plant extract. Cellular extracts prepared in lysis buffer (50 mM HEPES,                          
1 mM DTT, 0.1 mM EDTA, 0.1% CHAPS, pH 7.4) were incubated with the colorimetric substrate DEVD-pNA. Cleavage of 
the substrate by the active caspase-3 lead to changes in the absorbency at wavelength 405nm as measured along the 
experiment (every 15-30 min). Caspase-3 activity is expressed as arbitrary units of absorbance at 405 nm. In order to 
show the specificity of the cleavage, the enzymatic reaction was performed also in the presence of the caspase-3 specific 
inhibitor DEVD-CHO (0.1μM). 

One of the hallmarks of apoptosis is the unique fragmentation of DNA into a ladder pattern. Caspase-3 

activation following incubation of mouse leukemic cells with RO139, RO144 and RO197 resulted in DNA 

fragmentation (data not shown).

Processing of Procaspase-3 in Vitro following Incubation of Cellular Extract with Plant Extracts
One of the goals of the project was to find a compound capable of directly activating procaspase-3. We 

developed an assay, which will enable us to follow in vitro the processing of the inactive procaspase-3 into 
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an active enzyme. A cellular lysate prepared from untreated cells was incubated with plant extract for 90 

min at 37 ºC. According to the Western blotting shown in Fig 2, the extracts RO39, RO197, RO144 lead to 

the conventional processing of procaspase-3 (scheme 2 pathway I): 32kDa----->20kDa----->17kDa (lanes 

1,3,4) while RO4 (lane 2) uses an alternative path (scheme2 pathway II): 32kDa----->29kDa----->17kDa. 

A similar processing mode is used by RO4 when incubated with procaspase-3 produced in a reticulocyte 

lysate (Fig 3 lane 1; the procaspase-3 protein is the translation product of the cDNA of procaspase-3). Heat 

inactivation of RO4 abolished its capability to process procaspase-3 (data not shown), indicating that RO4 

contain an active protease.   

fig 2. Activation of procaspase-3 following incubation of plant extracts with naïve cellular extract. Western blot 
analyses of the activation of procaspase-3. Procaspase-3 is detected in naïve cellular extract (extract prepared from 
untreated U937 cells) as 32kDa protein by antibody directed against the large subunit. The presence of large sububit 
indicates activation and is detected following treatment with RO39, RO4, RO197, and RO144, lanes 1,2,3,4, respectively. 
Treatment with  RO39, RO197 and RO144 generated the intermediate pro+large subunit as well (lanes 1,3,and 4, 
respectively). Treatment with RO4 generate an intermediate consisit of large and small subunit (-pro).  

fig 3. Procaspase-3 protein translated in reticulocytes lysate is processed following treatment with plant extracts. 
Western blot analyses of translation product of procaspase-3 cDNA incubated with caspase-3 activator plant extract C8 
(lane 2) or with RO4 (lane 1). Detection was performed with anti caspase-3 antibodies.

Conclusion
The extracts RO4, RO39, RO139, RO144, RO197 directly induce caspase-3 processing and enzymatic activity. 

It is suggested that each extract contain at least one active compound that can be lead for anti cancer drug.
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