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Abstract

As a result of screening the extracts of 41 Egyptian folk medicines, six plants showed inhibitory
activity against HIV-1 : methanol extracts of Abrus precatorius L., Artemisia absinthivm L., Crolon
tiglitn L. and Datura stramoniwm L., and water extracts of Bassia muricata (1) MURR., Centanrea
scoparia L., Croton tigliim L. and Datura stramonium L.. Their respective anti-HIV-1 activity (IC;,) for
MT-4 cells were 2.0, 9.8, 0.025, 4.1, 135, 46.2, 2.0 and 90.0 (xg/ml). Crofon tiglium L. also suppressed giant
cell formation in co-cultures of MOLT-4 cells with MOLT-4/HTLV-IIIB cells. Moreover, Abrus
precatorius L., Artemisia absinthium L., Croton tiglium L. had direct effects and decreased the infectivity
of HIV-1. However, none of them showed any inhibitory effect on the reverse transcriptase and

protease activity of HIV-1.

Egyptian folk medicinal plant, anti-HIV-1 activity.
CC, cytotoxic concentration ; CCs,, 50% cell toxicity concentration ; CPE,
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Abbreviations
cytopathic effect ; HIV-1, human immunodeficiency virus-type 1 ; IC, inhibitory concentration ; ICs,,
50 % inhibitory concentration ; SI, selectivity index ; TCIDs,, 50 %-tissue culture infective dose.
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Introduction

In the development of the drugs against acquired
immunodeficiency syndrome (AIDS), several stages in
the replication cycle of human immunodeficiency
virus (HIV) have been constdered targets for chemoth-
erapeutic intervention. Numerous compounds have
been described which inhibit the replication of HIV,
nevertheless, few agents have been formally licensed,
in the family of nucleoside analogs, such as azidoth-
ymidine (AZT)' and dideoxyinosine (ddI).zJ However,
long-term therapies with these reverse transcriptase
(RT) inhibitors often lead to the development of resist-
ant virus' and serious side effects. Since it is possible
that the efficacy of each drug might be enhanced and

the toxic effects might be reduced with the combined
treatment of multiple drugs that have different anti-
retroviral mechanisms, the development of a variety
of effective agents has been required.

Traditional medicines have been safely used for
the treatment of various diseases. We have evaluated
and reported the anti-HIV activities of several natu-
ral compounds.1 “In this article, we describe the inhib-
itory effect of Egyptian folk medicinal plant extracts.

Materials and Methods

Plant wmaterials and preparation of the extracts :
The plants were purchased at Harraz Herbal Drug-
store in Cairo, Egypt. They were identified by Profes-
sor El-Sayed E. Aboutabl, Faculty of Pharmacy,
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Cairo University, Egypt. A sample specimen of each
plant was deposited at the Museum of Materia
Medica of Tovama Medical and Pharmaceutical
University, Toyama, Japan. The powdered plant (5 g
each) was refluxed separately with methanol, and
water (50 mlIx3) for 3h. The extracts were concen-
trated and freeze - dried. To test their inhibitory
effects on HIV 1 replication, the water extracts were
dissolved in culture medium and the methanol
extracts were dissolved in methanol before adding to
the medium. The final concentration of methanol did
not exceed 2 9%.

Cells : The IITLV-1-carrying cell line MT-4 cells
and the human leukemic T-cell line MOLT-4 cells
were used. They were maintained at 37 C under 5 %
CO, in RPMI-1640 medium (Flow Laboratories, Irvine,
Scotland), supplemented with 10 9 fetal calf serum
(FCS, Flow Laboratories, North Ryde, Australia), 100
ug/ml of streptomycin (Meiji Seika, Tokyo, Japan)
and 100 U/ml of penicillin G (Banyu Pharmaceutical,
Tokyo, Japan).

Virus : The LAV-1 and HTLV-IIIB strains of
HIV -1 were obtained from culture supernatant of
MOLT -4 cells that had been persistently infected with
LAV 1 or HTLV -1lIB.

Primary screening for anti-HIV 1 activity - MT-
4 cells were infected for 1 h with HIV 1 (LAV-1) at
TCID;, of 0.001/cell. Then, the cells were washed and
resuspended at 1X10° cells/ml in RPMI-1640 medium.
A 200 pl/well of the cell suspension was cultured for
five dayvs in a 96-well culture plate containing various
concentrations (12 doses, maximum 1000 gg/ml and
minimum 0.49 gg/ml) of the plant extracts. Control
assayvs were performed, without plant extract, with
HIV-1-infected and -uninfected cultures. On day 5,
the IC of the test sample required to completely
prevent HIV-1-induced CPE was determined through
an optical microscope and the cell growth was
examined to give the CC that reduces the viability of
MT 1 cells.

Inhibitory effect of selected plant extracts on HIV -
I replication - After the primary screening test, eight
extracts (from six plants) were found to inhibit HIV-
1 induced CPE and they were further investigated by
more accurate method as follows. The assay was

carried out in a 48-well culture plate (600 wl/well) for

five days with the same method used for the primary
screening. After incubation, the CPE was observed
and the number of viable cells was counted by the
trypan blue exclusion method. The score of viable
cells in HIV-1-infected MT-4 cells exhibited the
amount of plant extract required to inhibit HIV-1
replication by 50 % (ICs), and in uninfected MT-4
cells culture, the dose that reduced the viability of
uninfected cells by 50 95 (CCsy) was observed. The
ratio of CCs;/IC; was calculated as the selectivity
index (SI).

Suppressive effect on gian! cell fammﬁmz& " The
eight plant extracts were also checked for any sup-
pressive effect on giant cell formation in a co-culture
of HIV - 1-infected and -uninfected MOLT -4 cells. An
equal number of MOLT 4 and MOLT-4/1ITLV-IIIB
cells were mixed (total cell number of 5x10° cells/ml,
600 ul/well), and cultured for 20 h in the presence of
various concentrations of plant extracts. After that,
the formation of a giant cell was examined with an
optical microscope, and cell viability was measured
with the trypan blue method. Finally, the fusion index
(FI) was calculated as follows :

Cell number in test well (Molt 4 +Molt-4/HTLV-HIB)

Cell number in control (Molt 4 cells)

FI-1

With this definition, the FI can vary between 0 (no
fusion) and 1 {total fusion, no viable cells remaining).
The FI values obtained for each concentration of the
compound can be expressed as a fraction of the con-
trol value. Thus, percentage of fusion inhibition was
calculated as,

FI,
Rl

where FI, is the fusion index of the test sample and

9 fusion inhibition= (1 ) X100

FI, is the fusion index of the control sample. Thus the
50 9 inhibitory concentration (IC;,) was calculated.
Direct effect on HIV -1 infectivity : Plant extracts
demonstrating the most effective 1C;, (methanol
extracts of 1,7 and 19 and water extracts of 19 and 20)
(Table II), were incubated with HTLV -IIIB for 1 h at
37°C. Then the suspensions were ultracentrifuged at
40,000 rpm for 1 h at 4 C (Beckman rotor SW 50). The
precipitates were resuspended in medium without the
test extracts. The infectious titers of HIV -1 were
assayed, both before and after treatment, by micros-

copy for CPE in MT-4 cells.
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Results

Primary screening for anli-HIV -1 activity
Forty-one Egyptian folk medicines investigated

for anti-HIV-1 activity are shown in Table I. When

these extracts were screened for their effects on viral

replication, eight extracts from six plants were found

“to inhibit HIV -1 induced CPE. Each IC value was a
quarter the respective CC values (Table I). Methanol
extracts were made from : the seed of Abrus precator-
ins L. (1, IC : 3.9 ug/ml), the aerial part of Awrtemisia
absinthitom L. (7, IC : 15.6 ug/ml), the seed of Crolon
tiglim L. (19, 1C : 0.04 pg/ml), and the seed of Datura
stramonium L. (20, 1C : 3.9 ug/ml). Water extracts

were made from : the whole plant of Bussta wauricata

Table I Primary screening for anti- IV 1 activity of Egyptian folk medicinal plant extracts.

No Botanical name (Family name) Part used Extract 1C (eg/ml) CC (ug/ml)
1. Abrus precatorius 1. (Leguminosae) seed Methanol 3.9 31.2
Water NE 125
2. Aloe vera L. (Liliaceae) resin Methanol NE 250
Water NE 250
3 Ambrosia maritima 1. (Compositae) aerial part Methanol NE 31.2
Water NE 125
4 Aponi majus L. (Umbelliferae) fruit Methanol NE 125
Water NE 1000
5. Anagallis wreensis L. (Primulaceac) whole plant  Methanol NE 250
6 . Artcmisia herba alba Asso. (Compositae) aerial part Methanot 125 250
Water NE 500
T Artemisia absinthion L.(Compositae) aerial part Methanot 15.6 62.5
Water NE 125
S . Bulunites acgyvptivca (1) DELLE (Balanitaceae) fruit Methanol NE 15.6
Water NE 62.5
9 . Bassic muricata (L) MuUrr. (Chenopodiaceac) whole plant Methanol NE 500
Water 500 > 1000
10, Boswellia carteril BIRbw, (Burseraceac) resin Methanol NE 31.2
Water NE 250
11, Brvonia crefica 1., (Cucurbitaceae) resin Methanol NE 31.2
Water NE 31.2
12, Cassia acutitolic DEL. (Leguminosae) leaf Methanol 250 250
Water 00 1000
13, Catharanthus roscus G. Don (Apocynaceae) leaf Methanol NE 3.9
Water NE 3.9
14, Centetrea scoparia 1.. (Compositae) aerial part Methanol NE 15.6
Water NE 62.5
root Methanol NE 62.5
Water 125 1000
15, Citredlus coloevnihis (1) Sciirab (Cucurbitaceae) pericarp Methanol NE 1000
Water NE 125
seed Methanol NE 500
Water NE 500
16. Cleome droserifolic (Forssk.) DiL(Cleomaceac) bark Methanol 62.5 125
Water NE > 1000
17. Colchiciom yitchii R. Br.(Liliaceae) seed Methanol NE 3.9
Water NE 7.8
18. Commiphora mobnol L. (Burseraceae) resin Methanol NE 125
Water NE 1000
19. Crofon tiglinm L. (Euphorbiaceae) seed Methanol (.04 .37
Water 6.2 33.0
20. Datura stramoniwn 1. (Solanaceae) seed Methanol 3.9 15.6

Water 125 ol
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21. Dugitalis purpurea L. (Scrophulariaceae)

22, Feruda foctide ReceL (Umbelliferae)

23. Gyimnocarpos decandrion Forssk. (Caryophyllaceae)
24. Hibiscus sabdariffa 1.. (Malvaceae)

25, Juniperus phoenicea 1. (Cupressaceae)
26. Lepidium sativion L. (Cruciferae)

27. Lupinus fermis Forssk. (Leguminosae)
28, Macrua crassifolic Forssk, (Capparaceae)
29, Nigella sativa 1. (Ranunculaceae)

30, Petroselinumn sativion L. (Gmbelliferae)
31, Phvllanthus emblica 1. (Euphorbiaceae)

2. Polycarpea repens Forssk, (Caryophyllaceae)
3. Quercus pedunculata Euri. (Fagaceae)
|

. Rumex evprins Murn. (Polygonaceae)

33, Solamwn nigrion L. (Solanaceae)

36. Solenostenuna wgel (DEL) 1TavysE (Asclepiadaceae)

37, Terminalia bellerica Roxs, (Combretaceae)

38, Terminalia chebule Rirz. (Combretaceae)

39, Terminalia horrida Stich. (Combretaceae)

40, Trigonclla foenum graeciom L. (Leguminosae)

1. Zvgopllliom dwnosun Boiss (Zygophyllaceae)

leaf Methanol NE 31.2
resin Methanol 62.5 62.5
Water NE 1000
whole plant  Methanol NE 1000
calyx Methanol NE 1000
Water 1000 > 1000
fruit Methanol NE 15.6
Water NE 31.2
seed Methanol NE 500
Water NE >1000
seed Methanol NE 250
Water NE > 1000
leaf Methanol NE 125
Water NE 250
seed Methanol NE 15.6
Water NE 250
fruit Methanol 125 125
Water NE - 1000
fruit Methanol NE 62.5
Water NE 62.5
whole plant  Water NE >1000
fruit Methanol NE 125
fruit Methanol NE 62.5
Water 250 500
fruit Methanol . NE 31.2
Water NE 62.5
leaf Methanol NE 250
Water NE >1000
fruit Methanol NE 62.5
Water NE 3.2
fruit Methanol NE 62.5
Water NE 62.5
fruit Methanol NE 62.5
Water NE 31.2
seed Methanol NE 125
Water NE 31.2
seed Methanol 31.2 62.5
Water 1000 > 1000

All the above mentioned plants were extracted with methanol and water separately except for plants number 5, 21, 23 and
33 (methanol extract), and 32 (water extract). NE : Not effective. Inhibition of HIV-1 induced CPE on MT-4 cells was

not observed below their CC.

(L) Murg. (9, IC : 500 gg/ml), the root of Centaurea
scoparia L. (14, 1C : 125 ug/ml), the seed of Crofon
tiglim 1. (19, IC : 6.2 ng/ml), and the seed of Datura
stramoninm 1. (20, 1C : 125 pg/mil).
Inhibitory effect of selected plant extracts on HIV -1
replication

As a result of screening, eight extracts from six
plants showing anti-HIV activity were investigated in
more detail. The IC;, and CC,;, values of each sample
were observed in five day MT-4 cells culture (Table
II). Methanol extracts of 1,7,19 and 20, and water

extracts of 19 showed relatively strong anti-HIV-1

activity (ICs), which was 2.0, 9.8, 0.025, 4.1, 2.0 xg/ml
respectively. In particular extracts of 19 revealed a
high SI (Table II). The other extracts (water extracts
of 9, 14, and 20) showed lower activity (from 46 to 135
ug/ml) than 19..
Suppressive effect on giant cell formation

The abilities of these extracts to inhibit giant cell
formation in cocultures of HIV-1-infected and -unin-
fected MOLT -4 cells were also evaluated (Table III).
The methano! extracts of 19 were the most effective
(IC;6 : 2.9 ug/ml), followed by water extracts of 19
(IC; : 25 wg/ml), water extracts of 14 (IC;, : 98 gg/ml)
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Table 11 Inhibitory effect of Egyptian plant extracts on HIV-1 replication.
Material (part used, extract) 1Cs, CCso SI
(ug/ml) {(pg/ml)
1. Abrus precatorins L. (seed, methanol) 2.0 43.5 21.8
7. Avrtemisia absinthiim 1.. (aerial part, methanol) 9.8 31.0 3.16
9 . Bassia muodcata (L) MURR. (whole plant, Water) 135 > 100( >7.4
14. Centaurea scoparie L. (root, Water) 46.2 > 1000 >21.6
19. Croton liglin L. (seed. methanol) 0.025 0.86 344
19. Croton tiglim 1. (sced, Water) 2.0 100 30.0
20. Datura stramonium L. (seed, methanol) 4.1 6.0 1.49
20. Datura stramoniiwon L. (seed, methanol) 90.0 840 9.3

The data show the inhibition of CPE on MT-4 cells. Cell viability was measured by the trypan blue
method. ICs,, 50 9% inhibitory concentration ; CCs,, 50 % cell toxicity concentration ; Sl. selectivity

imdex (CCi/1Cs,). All data represent median values of two experiments.

Table III

Suppression of HIV 1 -induced giant cell formation by Egyptian plant extracts.

Material (part used. extract)

1. Abrus precatorius L. (seed, methanol)
7. Artenisia absinthim L. (aerial part, methanol)
9 . Bussia muricata (L) MURR. (whole plant, Water)

14. Centanrea scoparia L. (root, Water)
19. Croton tigliun L. (seed, methanol)
19. Croton tiglivm L. (seed. Water)

20, Datura stramoniion L. (seed, methanol)

20. Datura stramonium L. (seed, Water)

ICso CCso
(g/ml) (eg/ml)
NE 900
NE 200
600 > 1000

98 >1000

2.9 248
25 1880
NE 243
NE 1660

The data show the suppression of HIV-1 induced giant cell formation on MOLT-4 cells.
Cell viability was measured by the trypan blue method. [C;,, 50% inhibitory concentration ;
CCsy, 50 9% cell toxicity concentration. NE, not effective. Inhibition of HIV-1-induced giant
cell formation on MOLT 4 cells was not observed below CCjq.

Table 1V

the infectivity of HIV -1

Inhibitory effect of Egyptian plant extracts on

Material (extract) Concentration TCID;so/mi
(ug/ml)

1. Abrus precatorius L. (methanol) 20 10 328
2.0 10375
7. Artemisia absinthivm L. (methanol) 100 10 328
10 10 425
19. Croton tiglim L. (methanol) 0.25 104
0.025 10378
19. Croton tiglion L. (Water) 0.37 10+2°
0.087 1040
20. Datura stramoniion L. (methanol) 8.2 10 +28
.82 10 ¢
Control 0 10 475

TCID;, : 30 9 tissue culture infective dose.
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and water extracts of 9 (IC;, : 600 gg/ml). But the
other extracts (1,7,20) did not show any inhibitory
effect at the concentrations lower than the cytotoxic
concentrations limit.
Direct cffect on HIV -1 infectivity

Methanol extracts of 1,7,19 and water extracts of
19 and 20 were tested for direct effect on HIV-1
within the concentration range including respective
ICsos. After incubating the virus with these extracts,
methanol extracts of 1,7 and 19 reduced the infective
titer at low levels ranged from 107" to 107 (Table
IV). Whereas the inhibitory effect of 19 was not
repeated in a dose related manner. The other extract
(water extracts of 19 and 20) did not show an obvious

inhibitory effect against HIV 1.
Discussion

In the chemotherapy of HIV infections, a variety
~ of drugs that inhibit different stages of HIV replica-
tion cycle are needed to reduce the risk of drug resis-
tance and side effects. We have investigated anti-HIV
effects of natural products from China, Indonesia,
Panama and Sri Lanka to discover new compounds
against HIV -1. We have reported that various plants
such as Pogostemon heynaenus, Jatropha curcas,”
Stvietenia mahoagoni L." and Shikon (Lithospermi
radix)7 inhibited the replication of HIV-1.

In this report, We screened 41 Egyptian folk
medicinal plant extracts for anti-IIIV -1 activity.
Among these, six plants were shown to have an inhibi-
tory effect at concentrations below cell toxicity. As
the results of a more detailed test of these extracts,
we found that Croton tiglaom L. (19) had especially
strong anti-HIV-1 activity (Table II). Moreover, this
extract suppressed giant cell formation in co-cultures
of HIV -infected and non-infected MOLT -4 cells
(Table II1), suggesting that 19 can inhibit virus adsorp-
tion or fusion, as giant cell formation depends on the
interaction of HIV envelope protein with virus rece-

8,10

ptors on the cell surface * In addition, we found
that the methanol extract of 19 inactivated the virus
immediately by 10-' (Table IV). To determine the
precise mechanism, we investigated whether these
extracts may directly interact with the viral glyco-

protein gp 120 and/or CD4 +cell, using 0.5 £ and anti-

Leu3a monoclonal antibody (mAB), respectively.
However, all of these extracts, including 19, did not
interfere with the binding of mAB (data not shown),
indicating that these extracts do not directly bind to
the CD4 receptor or gp 120. Moreover, in these six
plants, including 19, an inhibitory effect on reverse
transcriptase " and protease activity of HIV-1 was
not shown (data not shown). In conclusion, although a
detailed mechanism is not clear, the prevention of
virus adsorption or fusion and virus inactivation may
be the main process for anti-IIIV-1 properties of the
19. Although active constituents were not isolated and
identified in this study, it is well known that the seed
of Croton tigltum L. includes croton oil, and the prin-
cipal ingredient, phorbol ester, was reported to have
an inhibitory effect on HIV-1."Ttis possible this compo-
nent might also prevent the replication of IIIV-1.

Although the inhibitory concentration was higher
than 19, water extracts of Buassia mauricata (L.) MURR.
(9) and Centaurea scoparia L. (14) also inhibited HIV -
I-induced giant cell formation. These extracts also
might suppress virus - cell binding or fusion. The
extracts of Abrus precatorius L. (1) and Artenisia
absinthizon 1. (7) did not prevent giant cell formation,
but they had the weak direct effect against HIV-1 as
in 19.

As mentioned, none of these six plants showded
any inhibitory effect on the reverse transcriptase "
and protenese activity (data not shown) of HIV-1,
These finding suggests that 1,7 and Datura stramo-
niwm L. (20) had an alternative action mechanism of
the anti-HIV activity.

Several laboratories have launched an extensive
screening to identify potential anti- HIV agents in
natural sources ' We have also reported anti-HIV -
1 properties of some compounds from natural mate

. 170150 16)
rials.

In this investigation, some active comi-
pounds with unknown action mechanism were found
out. We expected that our further anti-HIV screening
will result in the discovery of novel seeds for clinically-
useful anti-AIDS drug with a new action mechanism

of anti-HIV and fewer side effects.
038R
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Wiz o T i vitro 12807 B EHLHIV -1 iGPE & W7
Z 7, Abrus precalovius L., Artemisia absinthiion L.,
Croton tigrivem 1.., Daturva stramonium L. DA Y 7 — L
M35 kO Bassia nmuoicata (L) MURR, Cenlairea
scoparia L, Croton tigliem L., Datura stramonium L. D
/J<«H| Lz gl b IV -1 6 1E 2 dl &)to MT- 4 fihaic
P2 1V 1o £ 2 CPEBILLEYY (1C,,) 32 h Tt
2.0, 9.8, 0.025, 4.1, 135, 46.2, 2.0, 90 pg/ml TH -~ 7z, &
2 Croton tHglium LIS ESHINY & JE Iy e
WAz 5 Ta L ILA NI ZIE 2 Loi CHN L 72 2 &
A, PCIIV-T MBS P o -2 8 LT 4 v 2 &
DI BT A 2 X AR E L, £ 72, Abrus
precatorius L., Arlemisia absinthivm L., Croton tigliuom
L AZBWTE, A e AT R L T AU &
BB ES D, L, ZHLG 6 MR 1Y
L7z 8 ootz E, TV -1 ol fig s L oo 7
T Y AR e 72
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