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V.o Taitle : "Studies on anti-shigella activity of garlic extract
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8. Abstract summary

In a recently concluded study undser a ICDDR,E and BMR(O sponsorsd
protoccl, we found that an agqueous extract of garlic or it’s
actilivse ceonstituent, allicin, inhibited the In vifre growth of a
[}
mumber of multiply drug resistant strains of Shigeldlls Flaxherr,
Shigella owvsgnterias type L and Shigells sonnsi. The In viwve
anti—-shigella activity of the agusous extract and allicin was

studied 1in a rabbit mcedel of expsrimental snigsllesis using =2

well—-characterized highly wvirulent strain of Swrwellas Filexneri Y
(sirain SH-4 ). Most of_the infected irabbits (4 out of H) dusa
Wwithin 3¢ houirs of bacterlia faeding (dozs 1011 Ctuy wren latt
untreated by any of the ﬁgeﬁts {contratl ). O Lhe contirary . the
sold&niis extract of warlic o allicin wisn orally sdmindstbered o

,

the w1ntected rabbhlits (asusous ﬁytﬁaut: 7.5 mlihg of body waight,
Luaging dose followed by 1.2 mil/Ska of bhody welaht every & Do
Faor 5 daye o or sl acrar loading dose S50 mg/ ke body wEraht followasd
by LE mg/ Mo body welght B8 heouirly For 5 davg) protectasd all the
ahtmais-(LO rabbits out 10) from the fatal attack. Ths anti-
shigella activity was detected 1n the sera of the rrabbifts that
recelved the agquaous exitract or alliolm thirrough ths oral route.,

These results are now being prepared for publication.

The promising results obtained in the previous study m=rit an
extension of the woirk to (1) the rabbit modsl of experimental
shigellcsis using other serotypes of Shigella Flewneri, (1ii1) the

monkey model of experimental shigellosis using &hiwgella

grsentariac | type 1 (the rabbit model is not responsive to this



serotyvps) ang {111) determination of maximum tolerable dose of

the agueous extract in healthy adult voluntesers to obtain

information that may be helpful in

1}

peossiple clinical trial of

the extract 1n human shigellosis.



SECTION II: RESEARCH PLAN

A. INTRODUCTION
1. QObjiective

To contribute towards the development of 2 herbal drug which will

be 2agy to use and sfficaciocus ir the treatment of shigeiloszie.

About BO-85% of the bacillarv dysentery cases in BSangladesh is
dus to ghigella infection (1. Since 1970, the treatment of
shigelleosis has become di®fficult because ot the emergence of
strazns r6315tant Lo a number of drugs sduch zas teliracvclinag,

chioramphenicel, streptomyvein and CoLrlimoxazole (]-3)

Ampicillin &and nali

o,

ixic acid wera then left as the drugs of

cheles in bhe trasatment of shnigellosis (2, 4. Devalopmant of

]

rasistance to these drugs have aleo been reportad CECSnLly (4860,
Mewly emerged multiply GrUG-res1stant Strains have —ee CHUS Y G

outbreaks of snigellosis 1n recapnt vears an BHanaladesh (4, 7

Hemce, ressairch on antimicroblal diugs that ma2y b2 effective

against multiply-drug resistant stirains of SS9 peils will be of
interest . ‘ ' )

The antimicrobial activity of garlic and it's .active constituent

allicin (diallyl thiosulifonate) against a number of bacteria

have
been reaported (§-13). To the best of our knowledge, no such
reports have bessn published on'Enggjiﬁ. It was also reported

) . ) _ ) e
that the garlic extract is active against clinically resistant
strains of Staphvicceocus, Fsoharichis, Arofeus and Aesgudomonas

(1473, Chinese werkers recently reported successful treatmant of



crvptococcal menlingiritis, a serilcous fumgal dz

Y]

ease, AL
intramuscular and or intravenous administration of garli: = ©ract
TR The antifungal actiwvity was detectable in the sSar:

~:althy human volunteesrs after oral administration of garii>
swtract (1é). Recgntlv, it was repbrted that the carlic sxiract
s Aalso activé against diffzrent strains of Mvoobacterium (170,
as =zugoested fhat the extract may have a poltential for USE 1N
= : tirzatment of tubergulﬁeiz in eonjunction wWith otihns?

antl icercular drugs (17).

4 reoently concluded study, wWe mbheesrved fmapuscrint i

Zwdaimaiewiny Liwal i oauild 2ous S al b SoiE LA i AL ud ol Gein

Ao cramLfioant 1o owifoe ANt eiimalla activic, azatnit Loonumieor
s owmpibiply drud-sEsiistant SL0ELNE izl oant Lo AMoloriil

o L.l Aol eonirlmoxazole, CET Ay L ing ctwLDi'ghqnmerﬁlfisL Yooy
Sniwel la Sysenterilae Lype L Fiesnay: and Shigedsd
PR FEAL =S Tiam o kg lg ot L3 M ety v an At Lon O N o [N R
someaeh o oand aillicin azannst 2 L Flesoard 7oaweras S oand 34
iy, ml =

I Lhe sams study 1D was 31s0o £hown that tha agquasouns

1)

aliroln @ach poszassad L/ vivoe antl-shigella activitv 1n a rabpit
Ledel T expairimantal zhigaellecsis. Fach of thesa drugs, the

axiract 2 allicin, wnen acministersad  Lhrough pei aral roun@;

e o

aouesoug sxtract at o dose of 7.5 ml/kg of body welght azs a

1oading dose, Tollowed By 1.5 ml/kg of bodyvy weight svery elignt

hour for Tive Jdavs allicin 50 mz/kg of body Wwsight as lLoading
dose fTollowsd Dy 1S mg/ig of boay waight 8 heouirly Tor S davs;i



preventec the death of rapbits infectesd With a 1lsthal dose of

Shiwmella flexnerl Y (8H-4) 1n all the cas2s (10 out of 10

E Y ~r

n

infectea rabbits survived). On the contrary., the. survival of
identically infected rabpits which did not recelive any dirugs
{control group) was only 5% (1 out of & infected rabbiltis

survived the fatal attack of shigello

0
!4—'
0

—

The anti-shigella
actiwvity against Shigella Flexnsri Was also obssrved 1n ths zera
of the rabpits after oral agministration of the extract/allicin.

The LDggs values (per oral routeg) WErE detsrmined 1n mics and

1

=z were fTound to be 100 o,/ kg Tor sach CREC1IES. Ths

i~ el A b
rats anda wn

]
L

LDgn value (per oral route; of aillicin in mics was 200 mag/ K.

The walues when COmpare With thoss of effsctive dose

indicated that the drug zsemed to have Lheraseutic potential.

Newly emerdec ma’tisly-~difud reeictent (rFesistant foo ampicllling
terracyeline, cihloiramzhenicol ana

straptomvyelin} styrains ot SRigells have bhagn Causing outnreats of

-

in Bangladesh 1r recent vears (4, 7). Honoe, Lhare

i}
or
ot
<3|
M
—
4
1
)._l
]

&

s a nsad Tor tudying the anti shigsllea drugs active against

zuch resistant Lralns. in this context, the Bromising resulis

K8

n

of the anti shigslla activity of én aqueous egtract of garlic and
allicin marit extension. We wish to extend (i) the ragbit model
of shigetilozis to 1ncluce adcitional 2-3 mest commonly izsclated
serctypes of Shigellia fjﬁxéari'and {i1) use the‘monkey mogel of
shigellosis to =ztudy the tiherapeutic e%fect of the drugs againsth
5. owsenlkerias 1. The monkey model 1 chosen pacause of 1ts

sloss resemblance to humarn shigellosis and the fact that 5.



dvsenierias 1 cannol caugse diseass 1n abbit

i

. Finazly, (izi)

3N

the agueaous extract nesus toe be adminisitered te heazlthy acult
human wvoluntesrs to ascertzin the maximum tolsrated dose which
could be useful 1in clinical trials 1f conducted at some stage.
At least three doses will be given to three groups, ong dose oncs

to every individual 1n a group. This shall indicats what

e the
maximum tolerated dose of garlic extract which can be 1ngssted

Wwithout a burning sensation in the stomach, vomitting, anorexia
ard other giscomforts. The =study of tre Bilochemical paramsisirs

of the bocdy fluids ot the veolunteers will irevsal wWwhether Lhe

aguaous extiract has anv adveirss sffects. The aguecus sxtiract was

-t
tl}

~—

not found to have any adverse reactions in patients in Crizna {15

and in adult healthy wveolunteers (18) in the U.I3.A. Mence this
cortion of the study is an extension the werk already carried out
in Chona angd the .Sl 8. nly giffgrencs 19 than the present
Wwoit  1e pranned in healtny zaulrn Banolaasshy voelunt2er g WROSe
bodvewerght, nulriticonal sitatus, Clssase pro‘ll%. ebthnnc

componsnts are diffsersnt from those of Lha_Chjness anc the
americans. The anti~shigella activity will alsc pe determined 1n
the sera of the voliunteers who witl receive the garlic extract
orally. 1£ the drug is found to be safe in a single dose reglme,
stucies using multiple therapeutic doses {that wWill be calculated
on the basis of the animal studiess) for five days in the heaithy
velunteers shall be‘initiated at a later stage not within the

framework of this protocol.



E.

1)

)

SPECIFIC AIMS

"o extend the study of Jri vIwvo anti-shigella activity of the

agueous ewtract of garlic and allicin to rabbit model of

-

.

ExXDEr1imeEnTal shlgallosis UsS1ING additional 2-3 most commoniy
isciated serotypes of Shigelila FI1@xrierl. The dose rangs TOF
therapeutic effect (E.D. B0) of the extract shall also bhe

determinad: The dose ragime wWhich protecied tne infectead

3

ambits *rom fztalities in our previous study onall be ussd

as a guidesline. The other doses shall be 1/2 and L/4 ofF

{l

o}

nat doss= (Lhe GOIES ueed in tneg oravious study Were agusocus

ct

11

wtract: 7.5 mi/kg of Sogviwelaht 2% & loading doss followed
by 1.5 ml/kg bodyweidht svery eight hourly for £ dave:

allicin: loading dOSE of 50 ma/ke or boay welight followa2d DY

15 mo/kg of body wesight & hourly Tor 5 cayc ).

To ewtend Tne study to monwey moedsil er SNl GELI0TLE using

ctraine of Snigells Flexneri v strain Sk-d)  and Shigel1a
dvsenteriag type 1, to determine tne therapeutic efficacy

and toxicity of the agents 1n the moenkevs .

To study the effect of mUltiple therapeutic dose of the
garlic extract for a lonaer period dn trne biochemical
paramegiers (BGOT, SGPT, Serum alkaline phosphatase, BUN ,
serum creatinine) of tne blood .and the histological
properties of liver and kidney in animals (rabbits and

monkeys) .
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1m healthy adult volunteers. Three groups ofF
volunteers each groul consisting of thnirege persons. Wwill

receive three different dos=es (0.125 ml

son, 0.23 ml/kg 3.8 175 mi/eerzon anc O.% mlskg L.s.

mE oml/fmerson. The disocomtoirt such as purring eensation in
the =stomach, NaUsss, light headsduesc 1 esxperienced by The

voluntsers will De racorded. bLevels of varilious toyiec1 Ty

incicator enDymas 1n the bHlocd - -will be determinsd Following

oral administration ot the sxtract.

c. METHODS

1. PREPARATION OF THE AOUECUS EXTRACT . OF GRRLIC

The peasled and crushed carlic cloves (500 g wWill DS expiractec

Witk 180 mi of waters fto =z total wolumz =00 mld. The material
Will be filiersd Chrrougn &8 moSiLT clehn and ths TL:zLTIN&LE WLll e
cantrifuasc et 2000 XE for w0 rinutesn. TNE supeirratant KWi1ll D
sterilized by passing 1t chrougsh & millrpore fTiliser paper

(0.4% u) and wWwill be stored at 4% For use Wwitnin & maximum

peiriod of Six Gays. . .

5 ISOLATION OF ALLICIN ‘ :

fl1licin wWwill be extracted accordlng to tThe 1iterature.metﬁod
f18). In the method the, garound garlic cloves (500 g) was
extracted with ethyl alcohol (100 ml x 3). The combined alcohol
extract was evaporated to dryness in vacuo. Te the olly residue,

water (200 ml) was added and the resulting suspension Was



— L i T = A -

—per-oral and (iv) tincture opium

distilled till the volume Was Feéaééd fo'oné—thifdn'JTHé

dlctlllate_was -extracted with - ether” 1100 mITx 57“”““Th€“66mbrﬁéd““ s

ether e)(tr‘aot Wwas evaporated _zn b'&l’_uo tO y_Leld an Oll Wthh was Tl

S e -z = R _.._,-.

*malnly alllcln (ﬁtruobure estab11¢hed oy U.V,,_IhR and N M”P;-

¢

.epectroscopies) : - S

3. IN VIVO ANTI-SHIGELLS ACTIVITY

(a) RABBIT MODEL OF EXPERIMENTAL SHIGELLOSIS--

-

The model was originally developed forhia; ofiolarae by Spira er
21 {19) and modified by Cray =& 2] (20). By following the
ﬁodlflcatiohs suggestzd by Cray ef a1 (19). tha model was
axtended te Shfgelia Flexngerl Serotypes ¢ and Y by or. Gawvid Zack
and Di-. Zia Ahmed (21). In our oravious study, we used the model

successfully to assass the therapsutic motential of ths extract

or allicin. The model involved fasting the rabbits for 40 hours.

TDUFing thie perieod they were allowed to have only drinking water
containing tetiracycline (1 mg/ml) ag Irbilum. After the period,
the rabbits received (i) cimetidine (50 mg/kg body weignt, 1.v.
at time 0O), (i) 5% sodium bicarbonate solution {15 mlx 2. per
oral, at 15 min and 30 min), (iii) an inoculum of the virulent
strain of Shigella Ffiexnsri Y (loll"Cell5 syspended in BHI broth;
(2wl 179 )T AT e “these ~ T
t?eatments, rormal food and water were allewed.” By conditioning -~ 77
rabbits in this manner and by using Shigella Flexneri &, it was.
observed that the organism colonized in the G.I. tract, caused T

death to most of the animals and left protective immunity to the

suirviving animals. In our proposed studiss, the medel will be

10



vsed similarly (using adult 21bino rabbits each weighing 2 kg
approximately. For each agent five rabbits will be usad) but 2-3

mest commenly iselated strains {from ciimical ecases o

-+

shigellosis) of Shigella Flexnerl will be used instead of
Shigella Flexnerl Y (strain SH-4 ). Treatment with the aqueous

extract or allicin will be started from 8 hours after inoculum

feeding. Different doses of agusous extract of garlic/allicin
will be used to find out E.D. 50. The ¢contrel group will
recelve distilled water in place of the agent. The statistical

treatments on the data shall be done to find out the significance

of antibacterial activity and toxicity of the agents.

{b) MONKEY MODEL

Irn the model, the monkKeys will be fed with some well
characterizaed wvirulent strains of Shigsllzs Flaxnsrl or Shigsllia
Jvsanrerlge type 1 according fto the standard methods (22). after
the appearance of symptoms of shigellosis the animals Will b=
treated wWwith the acusous extract/allicin {(decses shall be
eguipvalent to what has been used for rabbit) (through the per
oral route). The Ffrequency and wvolume of stocl and body
temperature will be recorded and réctal swab cultures {(once
everyday)} will be done on MacConkey and 85 ' agar plates. The
anti-shigella activity of the sera of the monkeys, 30 and 60

minutes after oral administration of the agents, will be

determined.

11



{c) HEALTHY ADULT VOLUNTEER STUDY

(1) Selection criteria: Nine healthy adult male volunteers will

be selected for the study after medical examination by a
physician not associated with the pfoject. Infermed consent will
be obtained from the volunteers prior to their inclusion 1n the

study.

(ii) Place of study: The wvolunteer study will be conducted at
the facilities of the BIRDEM hospital. The trial will be carried
out under the overall supervision of Dr. A.K. Azad Khan,

Profaessor of the Department of Gastroenterclogdgy, IRPGM&R, Dhaka

i

now on deputation in BIRDEM as its Research and Development

Director.
(iii) The agents and the dose: Only the agusous extract of
garlic will be orally administered to the wvolunteers. The doze

of the extract will be adjusted according to the body weight of
the subject and keepihg in view the réportéd.safe {(15) dose as a
rough guidelines. The tinree doses, O.1Z5 ml/kg (7.25 ml/person);
0.253 ml/kg (12.35 ml/perscn) and 0.5 ml/ kg (25 mi/person) will be
given to nine persons of thrse groups. These dosecs ﬁay alsoc be

adjusted according to the EDSO values to be obtained from rabbit

m

experiment. The normal bio~medical parameters such as (1) Heart
rate, (1i) E.C.G., {(iii) Bilocod pressure, (iv) Body temperature,

(v) Feeling, etc. wWill be recorded before and after the

administi-ration of the garlic sxtract. On thes third day preceding
the administration of tha agant the T.C., D.C., Hbx and E£.5.R.
will be determined. SGPT, SGEOT, serum alkzaline phosphatase,

12




blood urea nitrogen and serum creatinine will alsoc be determined.
The stool and urime of the volunteers will be subjected to
routine examination. Discomfort such as burning sensation in the

stomach, nausea, light headedness, if felt by the volunteers

shall also be recorded.

(iv) Duration of the hospital confinement: Each of the

volunteers will be confined to the hospital for one day for
observaticons and studiec, following the administration of garlic

extract.

Ty

() TOXICOLUGICAL STUDI

[

Toxicity studies wWill bpe extenrded to monkeys using standara

methods (22). The chronic toxicity =study shall bpbe studied after

multiplae therapeutic doses over a longer period of tims. Studiss
on the blood and biochemical parameters of the volunteers after
administration of the aquesus extiract of garlic shall alsec raveal

the foxicities, if any, of the agent.
D. SIGNIFICANCE OF THE WORK

This 'study of anti-shigella activity of the agueous sxtract of
garlic and allicinm in the rabbit and monkey mode:l may be of
significance in the development of a treatment against
shigellosis by using this edible herb. The volunteer trial to

determine the maximum tolerable dose of the aqgueous extract is a

ore-requisite for clinical trizl of the agent.

13



E and F. FACILITIES REQUIRED AND COLLABORATIVE ARRANGEMENTS

The general operational strategy Will be similar to that of thé
last protocol (Title: Shigella drugs from Garlic, ’'#shok’ and
"Neem’ sponsored by PCC, ICDDR,B and BMRC Collaborative Research
Programme May 1987 to 30th April 1988). Monkeys cshall be
procured by the prinoipal investigafor. The ICDDR,B is expectad
to lend some cages for the monkeys and assist in training his

woirkers in monkey handling and feeding procedures,

14



SECTION III:

YEAR 1

1. Pegrsonnel services

BUDGET

Name

LI

| Time réequired|Honorarium/Salary P.A.
I

Dr. A.K. Azad Chowdhury
Principal Investigator 20%

Dr. Zia Uddin Anmed
Co~Investigator 5

8¢

Dr. A.K. Azad Knhan
Co—-Investigator 5%

Dr. Muniruddin Ahmed
Co-Investigator T %

Research Fellow

(to be appointed) 100%
Laboratory fissistant 20%
Animal House Attendant 10%

2. Supplies

Fetri dishes,
dlass ware

syringss and

Bacteriological media, disposable

(b) Chemical and reagents and
bicchemical tests

{(c) Animals:
Monkeys Tk. 2000x25 = 50,0C00.00
Rabbits Tk, 400x50 = 20,000.00
Rats Tk. 2550 = 1,250.00
Mice Tk. 12x25 = 300.00

Tk. 71,550.00
(d) Animal feed, drugs

and maintenance

15

Tk. 6000x12 = 72,0006.00
Tik. 2000x12 = 24,000.00
Tk. 40C0x12 = 48&,000.00
Tk. 1000%12 = 12,.000.00
TK. 300x12 = 6,000.00
Tk. 25,000.00
Tk. 40,000.00
Tk. 71,550.00
Tk. 30,000.00

Page total Tk. 3,28,550.00

S —



e

YEAR 1 {continued)

b/f Page total

- ‘. .. Tk. 3,28,550.00
3. VMoluntesr study (including missed salary

or wWages of the volunteers), hospital

chargesg, cilinical tests Tk . 50,000.00
4. Transport and conveyance Tk. 15,000.00
5. Overhead, contingency and stationary Th. 20,000.00

Grand total Tk. 4,13,550.00

= UsSg 12,923.00

16




YEAR 2
1. Personnel services (same as vear 1) Tk. 1,62,600.00
2. Supplies
a) . Chemicals, reagents, expendables TK. 20,000.00
£) Animals (mainly maintenance) Thk. 45,000._00
3. Transport Ti . 15,000.00
4. Overhead, contingaency, stationery Tk, 12,000.00
Total Tk. 2,57,000.00

17
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CONSENT FORM

Garlic has shown significant promise i1n the treatment of
experimenrntal shigellosis in a rabbit wmodel (maruscript in
_preparation}. We wish to study in the future it's usefulness in
human dysentery caussd by  Shigellia. Baefore using this in human
subjects, it 1is imperative that a formal safety study be done 1in
healthy adult volunteers. Garlic at =z dose of 30 g/person
administered once has been shown to be free from any adverse
effects 1n healthy adult volunteersl. It has alsc bkeen orally
aﬁd intravenously administered to patienfs With crygptecoccal
meningitis at a daily dose of 18 g and 80 to 100 mg,
respectively, With no adverse gffects. In our toxicity =tugies

in mice, rats and rabbits., the above doses wers found to be

completely safte.

I vou wish te particisate in the pressnt cafety study of garlic
extiract you.will be given 25 ml of the axtract (contents of 25
garlic cloves) to difrink. A 5 ml sample of blood will bes taken
from your anticubital wvein .twice, 30 and 60 min after drinking
the extract. A sample of your urine will also be collectied for
analysis of the biochemical parameters and also for the
determination of anti-shigella activity. You will ke reguired to

stay in the hospital for & maximum period of 24 h for routine

obsasrvation. You may withdraw yourself from the study any time
vyou wish. ~Your hospital treatment at BIRDEM will not be
influenced in any way by your decision to withdraw. Complete
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confidentiality of your hesalth records snall bs maintained. We

shall be ready to answer any guestions ragarding the trial.

If vyou agree to participate 1in the trial please put vyour

signature below.

Signature of the investigator Signatur=s of the wvolunteer
Date: Address:
1. Caporaso N, Smith 8M and Eng RHK. Anti-fungal activity 1in

human urine serum after ingestion of garlic (Allzum saflivum),

Antimicrob, Agents Chemother., 1983, 23(5): 700-702.

2. Hunan Medical Collegs. Garlic in cryptococcal menlngliis, a

preliminary report of 21 cases. O52n Med J. (Engl. Edy. 1980,

{papers enclosed)
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