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Abstract

Anextract of henna (Lawsonia inermia) was found to be active invitroagainst gram
(+) and gram (—) bacteria including Bacillus anthracis, B.cereus, B. subtilis,
Enterobacter aerugenes, Escherichia coli 0128-B7, E.coli 055-BS5, E. coli0127-B8,
Proteus mirabilis, P. vulgaris, Pseudomonas aeruginosa Salmonella typhosa,
S.paratyphi, Sarcina sp. Shigella dysenteriae type 1, S. dysenteriae type 7, S.
dysenteriae type 9, Staphylococcus aureus hemolyticus, S. citreus and S.
epidermidis Exposed lesions on rabbits, guinea pigs and mice caused by
subcutaneous inoculation of a beta hemolytic, coagulase positive strain of
Staphylococcus aureus were healed within 8 days after exposure to a lyophilized
extract of henna. The antimicrobial activity of the extract may be due to Lawsone,

the dying principle of henna.

Introduction

Since the discovery of penicillin and its antimicrobial
activity (7), interest has been centered on the search for
other antimicrobial agents (1, 2, 9, 10, 11, 12, 14, 18). A
number of plant extracts are known to have antimicrobial
activity (1, 2, 4, 6, 10, 11, 17). Henna (Lawsonia inermis
L. is cultivated in India, Iran and in many northern
African countries. The powdered leaves of henna have
been used in these countries as a cosmetic and a remedy for
skin infections (13). We show here that an extract of henna
is active in vitro against 20 human pathogenic bacteria and
cured Staphylococcus aureus infections in rabbits, guinea
pigs and mice.

Materials and Methods

Leaf Extraction: To determine the solubility of the
antimicrobial substance, water at different pH, 70%
ethanol, acetone, and ether were used as solvents. Ample
amounts of the powdered leaves of henna were soaked in
100 ml of the solvents and kept in the refrigerator for 8
hours, then strained through a cheesecloth and the residue
was squeezed out in a hand press. Ethanol, acetone and
ether were evaporated and the resulting extracts were
filtered through a Sietz filter or autoclaved. These extracts
were lyophilized and used in all experiments at a
concentration of 1/10 in sterile distilled water.

In vitro Studies

Fresh cultures of the following bacteria were prepared
from the stock cultures of the Biology Department:
Staphylococcus aureus hemolyticus, Sta. epidermidis,Sta.
al bus, Sta. citreus, Sarcina Sp., Bacillus anthracis, B.
subtilis, B. cereus, Escherichia coli 0128-B7, E. coli 055-
BS, E. coli 0127-B8, Salmonella typhi, S. paratyphi,
Shigella dysenteriae type 1, Sh. dysenteriae type 7, Sh.,
dysenteriae type 9, Proteus mirabilis, Proteus vulgaris,
Pseudomonas aeruginosa, Enterobacter acrogenes.

In all experiments 10 ml of each bacterial suspension
was prepared from a 24 hr. culture and the turibidity was
adjusted to give 65% light transmission at 650 nm. This
dilution resulted in approximately 160 million bacteria per
ml.

The filter paper disc-agar diffusion method was used
for testing extracts for antimicrobial activity. Filter paper
discs 7.mm in diameter (BBL) were placed in test tubes and
autoclaved for 20 min. at 15 Ibs pressure in” and then oven
dried for 4 hrs at 65° C. Discs then were dipped into the test
extracts aseptically, and the excess liquid was allowed to
drain by allowing the lower edge of the disc to touch the
side of the tube. Such discs with various concentrations of
the extract were prepared and carefully placed on the
surface of the seeded agar (fig 1). The disc in the center
was wetted with sterile distilled water.

The test plates were incubated at 37" C for 48 hrs
and the diameter of the zone of inhibition was measured to
the nearest mm. by means of a celluloid millimeter ruler. A
magnifying glass was used when needed.
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Bacteria Gram Dia of inhibition zone* average
reaction m.m, value
1 2 3 4 5

Staphylococcus aureus haemolyticus + 16 16 16 17 16 16
§. epidermidis. + 15 14 15 15 15
S. albus + 12 11 11 2 1 12
S. citreus. + i1 12 12 1 12 12
Sarcine. Sp + 15 15 16 15 15 15
Bacillus anthracis. + 17 17 16 17 17
Bacillus subtilis. + 11 12 12 172 1 12
Bacillus cereus. + 10 10 10 9 10 10
Escherichia coli 0128-B7 - 9 8 8 9 9
Escherichia coli 055-B5 - 9 9 8 9 9 9
Escherichia coli 0127-B8 - 9 9 9 9 9
Salmonella typhosa. - 1 1 9 9 10 10
Salmonella paratyphi. - 9 10 10 0 10 10
Shigella dysenteria type 1 _ 9 9 8 9 9 9
Shigella dysenteria type 7 _ 9 8 9 9 9
Shigella dysenteria type 9 - 8 9 8 9 9
Proteus mirabilis. _ i1 11 il 10 11 11
Proteus vuigaris. - 11 10 1 i1 10 11
Pseudomonas aeruginosa. _ * . * * * *
Enterobacter aerugenes. 8 7 7 7 7 7

* Diameter of paper disc: 6 mm.

Table 1. Antimicrobial activity of lyophilized henna extract against bacterla assayed
by paper disc method

Pharmacological Tests

~ Inorderto understand how to use the extract safely,
the following tests were conducted: .

1) The extract was applied as a 10% aqueous
solution in a shaved area on the back of rabbits,

2) Amounts of 1, 2, 3 (up to 10 mi) of the 10%
aqueous solution of the lyophilized extract were injected
intraperitoneally in rabbits.

3) Pyrogenic tests were conducted in rabbits (1.8 -

2.0 kg). by injection of 1ml. per kg of body weight,

according to the standard test of Pasteur Institute of Iran
used for antibiotics, Sera, and other biological products.
4) For demonstrating the antigenic effect of the
extract, 5 ml of the extract was injected in the rabbits, and
injection was repeated every 3weeks for a2 month period.
The effects of the lyophillized extract on the healing
-of staphylococcal skin lesions in rabbits, guinea pigs and
mice were investigated by a subscutaneous inoculation in a
number of animals (20) with 8x10° beta hemolytic,
coagulase positive strain of Staphylococcus aureus.
Inoculation and dosage was calculated to produce a lesion
in each animal. All inoculations were made within a | hr
period from the same suspension of bacteria. Then the
induced lesions were treated with the 4/10 concentratjon of
the lyophilized extract by means of a cotton pad every 2

hrs. Similarly control animals were treated with sterile
distilled water.

Characterization Studies

Chromatographic separation of the lyophilized ext-
ract and Lawsone (the dying principle of henna) was
carried out with Watman No.1 paper (3.5%50 cm.) with n-
butanol-acetic and water (4:1:2.2) as a descending sobvent.
The extracts were applied as spot (0.1 ml). After drying,
chromatograms were cut into 2 cm strips and bioassayed by
plating on nutrient agar seeded with S. aureus

Results and Discussion

Leaf extraction:

The results of leaf extraction by various solvents
revealed that the active principle of henna is soluble in
polar solvents and was readily extracted from henna leaves
with aqueous Na, CO; (pH 8). This extract showed great
antimicrobial activity against S. aureus, while the ether
extract gave no inhibition against S. aureus.
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No Time br. body body mi. of Temperature measurements Temperature
weight  temp. Injection change
(normal) hours

0 ‘11 12 13 14 15 16 - +
1 9 1800 381 1.8 388 385 383 381 — — — 0 0.7
2 9 2000 383 2 389 385 384 382 — — — 0 0.6
3 9 2000 38.5 2 391 39 387 386 — — — 0 0.5
4 9 2100 38.1 21 388 386 383 38 - - - 0 0.7
5 9 1800 381 1.8 388 385 384 381 — — — 0 0.7
6 9 2000 38.2 2 389 386 384 381 — — — 0 0.7
Average temperature change: 0.6
Substance injected: Lyophilized henna extract in saline solution (conc: 1/10)
Route of injection: I.V.
FILE 76-069

Tahle 2. Pyrogenic test of the Lyophilized Henna Extractin Rabbits
No Timehr. body body ml. of Temperature measurements Temperature
weight  temp. Injection change
(normal) hours

10 1 12 13 14 15 - +
1 9 2100 38 2.1 38 381 38 38 - = 0 0.1
2 9 2000 38.1 2 38 38 381 381 — — 0 0
3 9 2050 384 2.05 382 383 384 385 — — 0 0.1
4 9 2000 383 2 382 383 383 384 — 0 0.1
5 9 1800 38.1 1.8 381 381 382 381 — — 0 0.1
6 9 1800 38.4 1.8 383 383 384 386 — — 0 0.2

Average temperature change: 0.10

Substance injected: Lyophilized henna extract in saline solution (conc: 1/10)

Route of injection: I. M.
FILE 76-069

Table 3. Pyrogenic Test of the Lyophilized Henna Extract in Rabbits

In vitro studies:

_ When the extract was assayed in vitro against
bacteria , the results revealed that both gram positive and
gram negative bacteria were inhibited. Inhibitory activity
was greatest against S. aureus hemelyticus and B.
anthracis and least against E. aerogemes while Ps.
aeruginosa was not inhibited at the concentration used
(Table 1).

Pharmacological tests:

Application of the extract as a 10% aqueous solution in
a shaved area on the back of rabbits indicated that it was
non-irritating to the intact skin of rabbits.

In intraperitoneal injection (0.5 ml) of 10% solution of
the lyophilized extract, the LD30 values for the guinea
pigs were found to be in the range of 2 - 2.7 g per kg of

body weight. In intravenous (I.V.) administration of the
extract, body temperature rose 1 hr after injection, then
dropped to normal within three hrs; while in I.M.
administration, body temperature dropped slightly for 1
hr, then returned to normal. According to the standard
test, since the average temperature change in .M. injected
animals was less than 0.6 degree and in L.V. injected ones
0.6 or higher, we may conclude that the lyophilized extract
is pyrogenic intravenously, but non-pyrogenic when
injected .M. (Table 2. 3).

In the experiment determining the effect of the extract
on the healing of staphylococcal skin lesions in the test
animals, the results showed that the exposed lesions to the
extract were healed within 8 days while in the control
animals no evidence of healing was observed within 21 days
(Fig, 2, 3, 4).
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Fig (5) - Spectrophotometric analysis of the lyophilized extract andauthentic Lawsone sample at 265nm by Beckman

Du spectrophotometer

When the chromatograms were cut into strips (2 cm)
and bioassayed by plating them on nutrient agar seeded
with S. aureus, the results showed that part of the
chromatogram with Rf value 0.71 gave an inhibition zone
on agar plates. When the chromatograms were sprayed
with 3% ferric chloride it gave a greyish blue color
indicating that the spots with Rf value 0.71 on both
chromatograms were phenolic substances.

Spectrophotometric analysis by Beckman Du spec-
trophotometer confirmed the similarity of the absorption
peak of the lyophilized extract as compared with authentic
Lawsone samples at 265 nm as shown in fig. (5).

Studies on the antimicrobial properties of the medicinal
plants of the world have been investigated by many
biologists (3,4,6,8,13,15,16,17). The mechanism of action
and biological activity of substances isolated have drawn
great attention (5, 7, 9, 10, 12). The antimicrobial activity
of henna has been explored previously (9, 10). The
purpose of this work was primarily to show the therapeutic
effects of henna. The results showed the presence of this
property in henna. Comparison of antimicrobial activity,
solubity, Rf values (0.71), and the absorption spectra of
the lyophilized extract and Lawsone showed that the

10

Fig1:

Inhibition of syaphylococcus aureus

Growth by (Clockwise from discs showing the least inhibition):
0.0125, 0.025, 0.05, 0.1, 0.15 and 0.2 g/ml of Lyophylized henna
extract using the filter paper disc-agar diffusion method.

Micrograph 1 (2000 x)
Micrograph 2 (2000x)
Micrograph 3 (2000%)
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Fig 2:

Therapeutic effect of henna extract on healing of staphylococcal skin lesions in rabbit:

(A) Control animal 48 hours after bacterial infection.

(B) Control animal 8 days after bacterial infection.
(C) Treated animal after 8 days.
In each experiment 20 animals were used.

Fig 3:

Therapeutic effect of henna extract on healing of staphylococcal skin lesions in guinea pig:

(A) Control animal 3 days after bacterial infection.
(B) Control animal 8 days after bacterial infection.
(C) Treated animal after 8 days.

anitimicrobial activity of henna is possibly due to the
presence of this substance. This substance can be used as a
potential chemotherapeutic agent against bacterial and
fungal infections in animals as well as humans without any
harm.

Fig 4:

Therapeutic effect of Lyophilized henna extract on healing of
staphylococcal skin lessions in PR 8 - Kantlebury mouse.

(1) Control animal 2 days after bacterial infection.

(2) Treated animal after 4 days.

(3) Treated animal after 6 days.

(4), Treated animal after 8 days.
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