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SPRAY REAC}ENTS. 

Spray reae:ents have been used in t h is v.rork, and have 

aided in the identification of glycanthrones , anthra-

quinones, g-lycosides and resins, and bave be e n used for 

the ident ification of these on chromato!!rams. The 

following spray reaP.' en t s have been used in this work . 

ammonia vapours . 

Fast Blue B. 0. 571' aqueous. 

sodium metaperiodate 5% aqueous . 

mag:nes iurn acetate o. 5% methano li c solution. 

sodium nitrate 5% aqaeous, followed by ~lacial 
acetic acid. 

potassium hydrox ide 5% alcoholic. 
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INTRQDUCTION 

The dru~ aloes has been known since earliest times 

and is mentioned in the Ebers papyrus o f circa ~5po · 

B. C. .1\.lexand:Ti! the ~reat is reporteo. to hA.ve sent a 

commi ssion to Socotra to investigate the aloes ~rown 

there.(g3). The chemical composition of aloes is complex, 

and bein~ of plant oriqin,subject to variation. Both the 

complexity of the chemical constituent s and their bio­

logical variation has resulted in a very lar~e volume of. 

conflictin~ material b eing published on this dru~ export. 

Since aloes is used as a purgative for both human 

and veterinary use, it is obviously i mportant that the 

dosage and consequently the active constituents, should 

comply to an accurate mean~ of standardisation. To date, 

despite extensive world wide r esearch. into t his d.ru!!, such 

standardisation has not been achieved. Even t he methods 

used for the assay of the principal constituent, aloin, 

vary considerably in their results, and to comnlic~te 

matters new chemical principl~~ have been isolated from 

aloes in recent years. 

Consequently the purpose of t his wo rk has b een to 
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investi oate the mai n c}lemical assa~T metb.ods cur.,..,ently 

in use, and to determine lvhich was t he most accurate , and 

why d i s crepanci e s occurred in t he selected assay metho)ds . 

fu rt hermore t he results obtained bv c~emi cal assay have 

been co~pared with t hose ob t ained by biolo~ical assav in 

an attempt to co "rrelate aloin content 1,rith our~ative 

activity. NelAfly isolated compo unds ~lav e b een invest iQ'ate ; 

biological ly for t he first time, and t he biolo~ ical 

as sa ys of the resinous, !!lycosidal and other com·oounds 

of aloes have been performed. 

The a c t i vity of aloin and aloes has been investi~atcd 

in hurnans to determine tAThether there is any r elat i onship 

between c h emical assay, biological assay and activity in 

humans. 
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C H A P T E R 1. 

1.1 THE C~E>;ICAL ASSAYS OF ALOES. 

The object of analysin~ and standardisin~ crude 

drugs and their preparations is to croduce a fi~ure which 

will be directly related to t he raoeut ic activity . To 

achieve this object it is necessary 

a) to know precisely which chemicals oresent are the 

active ones, 

b) to be certain t hat the final analytical fi&rure ob-

tained renresents those chemicals ouantitatively and . -

exclusively j and 

c) that the analytical procedure is sufficiently 

defined so t hat all workers using it wil 1 ~et the 

same fi?ure for the same sample. 

Neither the B.P .196g (9)nor t he U. S.P.XVII (~5) have an 

assay for the aloin content of aloes, both usin~ a 

limitinq fi~ure for t he water-soluble extractive as t he 

criterion of whether a sample is official or not. 

There are nurnerous assays for the determination of 

aloin. The majority of these involve an initial aep-

aration of the aloin from the other constituents, or 
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conversion of the aloin to its aglycone w~ich is then 

separated from the ot her constituent s , the final step 

usually being a spectrophotometric determination . 

A summary of some of t he methods appears in Table 1, 

while for more comprehensive revie~s r eference may be 

made to VAN OUDTSHOORN ( ~6), HURHfu'-L:ER, WAClNER and 

BITTNER (50), KRAUS (56), FAIR~AIR:J (29) or JANi l~K 15-
.. 

BO:u ;ERT (52 ) . 

Table 1. 

Kethod 

Gravimetric . 

Spectrophotometric 

Reference. 

SC':-INEI TER (ex g6) 

LISTER & PRIDE ( 60) 

SC Hi\. EFFER. 

PEYER. 

MO:IRLE. 

(ex ~6). 

( 70) . 

MOHRLE modi fied b y :IOR:-IK-<!EER et 
alia. (50). 

MOHRLE maclified by 30ID"'E &: 
KREUT'ZIG. ( 70) . 

FAIR":jAI Rl': & sr~IC ( 3q) . 

JOH.TT CO:f ~IT'!'EE OF P3AFC1ACY & 
ANALYTICAL C:iEMISTRY. (53). 

GIBSON & SC::'"!ARTr'G ( !~ 3). 



Method 

Spectrop ho tomet ric 

Thin Layer 
Ch romatograohy. 

Column 
Chromatography. 

Paper 
Chromatography 

5 

Reference . 

AJTERHOFF & BALL (2). 

GSTIRNER. (45) . 

~DERS . ( 46). 

AWE & ~hlC!(S~·:UT~L -ELM. ( 3). 

OSTERF.EIC:-iSES 1\:q?,~~EIBUC ~. ( 71) 

FORSDilE. ( 40). 

r!ERRITE'-!·;:A 8· VA~: RHEEDE VAN 
OUDTSqOORN. (42). 

TEIC:-!E.RT, 

BOHZE 8. 7REUT'ZIG. ( 6) 

HOR:iA~·Y:ER, '·,'A '!i.'~ ER, and 3ITTNER (50) 

iv!cCARTrtY . ( 65 ) . 

J At·HAK c BO:Il·:ERT (52) . 

DAB 7 (19). 

BRODY, VOI ~T & !l,l1.HER. ( 12) . 

.. 
BOffi~E & KREUTZIG . ( 6) • 



6 

Method. Reference . 

Paper 
Ch romato?raphy. 

KRAUS. (55). 

30RK01·.'SKI, 
( 1 0) • 

HENNEBERG & URS'ZULAK. 

MARY, C~RISTENSEi~ 0· BF.AL ( 63) . 

Paoer CORE & KI RCH. ( l g). 
Electrophoresis . 

PARIS & DTJ!iA:'T . ( 72) . 

Polaroszraphy. STONE & FUR~.L\~' . (go). 

STONE. (81). 

Potentiometric 
Titration . RUGG-IERI. (75). 

Sol vent extraction 
after clearing with S!VII TR, JORDAN &· DE KAY ( 73). 
lead acetate. 

-
Chlorination . LEGER. ( 46). 

' 

Pentose 
det erm ina tion. GOLDNER (46) . 

Persulphate 
( ~6) . method. SEEL. 
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In Table 2 are the result s obtained by some of t he 

methods stated in Table l. Some of t·.w earlier methods 

and in particular the calcium precipitation method, 

gave extremely low figures for aloin content . 

Table 2 . 

Aloin 'J. VI IW 

Cape Aloes 

4. 04-:-5. )2 

9% 
10.5-14 

12-15. 

15- 17 

18 . 5-19 . 2 

20.9-21. 9 

20. 9-22 . 2 

up to 20 

ca 2) 

15 . 16-24.6 

19.73-27.99 

)0. 9 

Cura9ao Aloes. 

16 . 3e-17.24 

25 

2-)1. 

25-;-29. 

35 .9-36 . 6 

39 . 1-39 . 2 

40. 2-41.1.! 

nearly l.jO 

16-13 

(Total anthr~:: quinones.) 

15-?0 . 

~~ethod 

TILDE!:. 

CALOIU!: ALOIN.l\T::I:. 

P AP.I S c_ DUliAND 

Ref­
e-rence 

SO~.EF?E~. u4 

~OLD!'.ER (Pentose) 46 

SEEL (Persulphate) 46 

LE~ER(Chlorination) 46 

hl\RDE!1S . 4 6 

~ :IT3 et alia. 7~ 

KRAUS . 55 

VA~ OUDTS~OORN. S6 

AUTE:iHOFF &. "SALL. 2 

2) ' 



This brief review s ho ws q_u.ite clearl:· b o1:;h_ t}1e d.iversity 

of methods and the large variation in results obtained by 

the methods, The followinP.: methods have been selected for 

examination as they appear to satisfy s ome or all of t he 

criteria of speed combined wit h accuracy. 

1. 2 THE METHOD OF FAIRBAIRN. 

The chemical assay of aloes o repared by the Joint 

Committee of t~1e Pharmaceutical Societ:v and t~e Soci ety 

for Analytical Chemistry on reco mfl!ended metho ds for the 

evaluation of d ruP"s ( 5?), 1.vill be refe-rred to in t h is 1.vork 

as the assay of Fl\IRBAIRl\T, s ince it ··as based. -orincipal ly 

on his work. 

Experimental procedure for the c hemical assay of aloes. 

1) \'feig:h accurately about 0. 2 gm . of powdered Cura9ao 

aloes or about 0 . 4 gm of po-r,vde-red Cape aloes and 

place the sample in a 200 ml conical fla sk. ~oisten 

with 2 ml of methanol, add 5 ml of water previously 
0 

warmed to about 60 C, mix, adCI. a furt her 75 ml of 
0 

water at about 60 C and shake t he mixture for 30 

minutes. Cool the mixture, filter throuq-h a 
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Whatman No41 filter paper into a 100 ml calibrated 

flask, wash the conical flask wi~h 20 ml of water, 

and make up to 100 ml with wRter . 

ii) Trans f er 10 ml of t J:li s solution in to a round.:... bot tom ed 

100 ml flask, a-::ld 1 ml of hydrochloric A.c id :s . P . , 

attach a water-cool ed, double- surface condenser to 

the flask, place the flask in a bath of continuously 

boilincr. \.Yater (so that the '"'ater level is above that of 

the liquid level in the flask) and heRt for 15 minutes . 

Cool the solution, transfer it into a separating 

funnel and rinse out the round-bottomed flask with 5 

to 10 ml of water , -addine: these washine:s to the 

contents of the separating funnel. 

iii) Extract the contents of the separating: funnel with 

two 20 ml portions of carbon tetrachloride . Wash t ::le 

combined carbon tetrachloride layers with two 10 ml 

portions of water . Reject the c~rbon tetrachloride 

layer and return the washinqs to the aaueous a cid 

layer in the first separating,- funnel. Transfer the 

contents of this funnel into a 100 ml calibrated 

flask, rinse the funnel with lva t er, ancl IDA.ke uu to 

100 ml with water . 
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iv) Place 10 ml of this solution in a round-bottomed lOOml 

flask containing 1 ml of 6o per cent, iron (iii) 

chloride solution and 6 ml of hydrochloric acid 

B. P. Attach a water-cooled, double-surface c0nd.ense ; .... 

to the flask, place the flask in a bath of continuous ly 

boil in~ water (so that the 1/IJater level is above tbat 

of the liouid level in the flask) and heat for 4 

hours. 

Cool the eolution, transfer it into a separating 

funnel, and rinse out the round-botto~ed flask 

successively wit h 3 to 4 ml of water, 3 to 4 ml of 

N sodium hydroxide and 3 to 4 ml of water, adding 

these rinsings to the contents 0 f the separatin~ 

funnel. 

v) Extract the contents of t he separHtinR' funnel with 

three 20 ml portions of c~ruon tet r achloride . Wash 

the combined carbon tetrachlorid e layers v.ri th two 

10 ml portions of water. Reject the washings. 

Extract the carbon tetrachloride layer v.ri t h one 15 

ml portion and with successive 5 ml portions of N 

sodium hydroxide until the final sodium hydroxide 

extract is colourless. Combine the alkaline ex~ 

tracts, heat t hem in a shallow dish on a bath of 
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boiling water for 5 minutes, with constant stirrin~ 

to remove carbon tetrachloride, cool and. adjust to 

50 ml with N sodium hydroxide. Determine the ex­

tinction of t h is solution in R 1 em cell at 44 0 nm 

and at the maximum, at 500 nm, a~ainst N sodium 

hydroxide in a similar cell . The readinqs should be 

taken within 1 hour of be~inn ing the a l kaline extract-

ion with one 15 ml portion of N sodium hyclroxide 

(step v, line 5) and particular c2re s hould be 

taken to carry o ut these sta~es of t he estimation 

in subdu ed l i ght. 

vi) Calcul a te t he percentage of anhydrous b arb aloin 

present, on the assumption that t he El%/lcm value 

at 500 nm of the red solution obtained from anhy~ 

drous bar baloin is 209. Also calculAte the r Rtio 

value E 500/ E 440. If t his ratio is less t han l.Q 

reject t he result. 

Experimental procedure for the a ssay of anhydrous 

Barb aloin. 

i) We i gh ac curately about 200 me: of barbaloin and dry 
0 0 

it to constant wei~Zht at 105 to 110 C in vacuo, 
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taking due care to dry the air readmitteo. to the 

vacuum oven. Calculate the moisture cont en t of the 

samole of barbaloin. Discard t ·le dry material. 

At the same time weigh accurately about 50 mg 

of the sample of barbaloin, o.is?olve it in ~~rater 

and adjust the volume to 500 ml . 

ii) Proceed with t he method as for aloes, sections iv) 
and 
iii) and v), beginnin~ at ..• Place 10 ~l of t his solution 

in a round-bottomed 100 ml fl asl~ ... and continuing 

to the end of section v). 

iv) Calculate the E 1%/ lcm value for anhydrous 

barbaloin at 500 nm, as examined by this method. 

Also calculate the ratio values E 500 /E 440. If 

this ratio value is less t han 1. 9 reject the result. 

The basis of the assay is the BORNTR~~ER reaction, where -

by an anthraquinone in alkali produces a red colour. 

The assay as laid down by t~e Joint Committee of the 

Pharmaceutical Society and the Society for Analytical 

Chemistry on recommended methods for the evaluation of 

drugs (53), is bas ed on the estimation of barbaloin in 



13 

aloes by t he method of FAIRBAIRN and SIMIC ( 39), with 

only minor modifications, which include the precise de­

fining of the conditions used in the estimation. The 

purpose of the various steps is explained below. 

Step ii) hydrolysis With hydroc hloric acid destroys 

any 0-glycosides which may b e present (i.e. 

alo ino sides A and B). 

Step iii) r emoves any free aloe-emodin which is selec­

tively soluble i n carb on t et rachloride. 

Step iv) here t he barbaloin, 1.vhich is unaffected by the 

mild acid hydrolysis of stacre ii) is converted. 

into aloe-emodin by t he mo r e drastic con­

ditions of step iv) in which iron (iii) 

chloride and hydrochloric acid are used. 

The aloe-emodin produced by the hydrolysis of the 

barbaloin is then extracted by carbon tetrachloride and 

finally determined spectrophotometrically after extraction 

with N sodium hydroxide. 

The ratio value E 500/ E ~40 '-ras c ~1osen to give a 

ratio of about 2. 0. This beinP: merely a measure of t he 

cleanliness of the separations in the assay (20). 

It is seen that if aloinosides A and B (rhamnose-
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0-glycosides of aloin) are present, that they are 

converted to aloin by the removal of the r hamnose in 

step ii ) and that they are i ncluded in t he total aloin 

content, thi~ not being a very serious error in view of 
•• 

the fact that work by HOR~4ER et alia (50) indicates 

that they have a similar purgative activi ty to aloin. 

1. 3 T~IN LAYER CHROMATOGRAPHIC ESTI:·~ATION OF ALOIN IN 

ALOES. 

Thin layer chromat ography Nas used. to separate the 

aloin from the other constituents, a modification of VAN 

OUDTSHOORN'S (36) method bein~ emoloyed for anal ysis . 

Preparation of Plates . 

Plate glass chromatoe:raohic plates 1) em x 9 em x O. Q 

em were coated with a slurry of Silica Gel G ( Merck), 3 

parts of silica gel to 20 parts of distilled ~ater. The 

plates were than allo,.ved to dry in air . 

Activation of Plates . 

Immedia tely before use the prepared plat es were 
0 

placed in an oven at 105 C for t hirty minutes (STAHL (?9)), 

to activate them. These plates were then cooled by 

stan dine: on glass. 
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Application of Solutions. 

In all the assays performed methanol was used as 

the solvent for bot h aloin and aloes, A micropipette 

(as per GERRITSl-11\. and FREDERICKS ( 2.~1) of volume circa 

0,006 ml was calibrated accurately . 

0.2 to 0.4 gm of aloe lump, finely po\..rdered i n a 

mortar and accurately wei ghed (containing thirty to 

ei?hty ug of aloin) , was dissolved and made up to six ml 

with methanol. 

The micropipette was then used to spot the plate one 

em from the bottom of t he plate apnlyin~ three spots to 

each plate. This was done bv nlacin~ the microninette " . 

filled With the solution, on the surface of t he silica 

gel plate, and allowing it to drain. Both before and 

after use, and in between applications of the same or 

different solutions, the micropipette was washed three 

times with methanol and allowed to drain on to f ilter 

paper. 

Develonment. 

The methanol from t he aloe solution was allowed to 

evaporate and the plate was placed in a solvent tank 



closed with a glass top . The plates 1•re2:•e placed back to 

back in the small tank to facilitate removal and to en­

sure no loss of silica during removal. They were then 

allowed to run until the solvent front had travelled a 

distance of ten to twelve em. The solvent used was 

chloroform: ethanol ( 3 a v /v). 

Detection. 

Many of the principles of aloe fluo_resce bri~htly 

under ultra-violet light. ~loin fluoresces orange, in 

contrast to the blues, greys and b rowns of t h e other 

components, and the red of aloe-emod in. It is thus easily 

identifiable,and once identified t he use of aloin ae 

control is unnecessary. 

AN~LYTICAL PROCEDURE • 

.After developmen t t he plat e •ras r emoved from t he tank 

and dried i n air. The plate '"as t hen placed_ under a lonq: 

wave ultra-violet lamp and the silica !!,el above and below 

the aloin was carefully scraped away, _leaving only the 

three aloin dots joined by silica gel . 

Each aloin dot was then carefull y scraped onto a 

clean ~lossy sheet of paper and transferred completely 

to a numbered centrifuge tube. Met hanol, 5 ml, was t hen 
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pipetted into each centrifu~e tube and stirred with a 

glass rod. The solution was then centrifuged and the 

supernatant t hen filtered through Whatman 542 filter 

paper, directly into spectrophotometric cells. Triplicate 

readings were then made in a double beam sp ectrophoto~ 

meter at a wavelength of 360 mm, using methanol as the 

blank. These readings were t hen averaged and the 

percentage aloin present determined by reference to a 

standard calibration curve. 

l. 5 THE METHOD OF MOHRLE FOR THE DETERi.JJINATION OF ALOIN 

IN ALOES AS MODIFIED BY BOHME AND KREUTZIG (?). 

Experimental procedure. 

50 mg of aloes was finely po\-Jdered (sieve No.5 ) and 

accurately weighed. to t he fourth Cl.ecimal place. This was 

then transferred to a 100 ml measuring flask with five 10 
0 

ml portions of water a t 60 C. This was then shaken well 
0 

for five minutes. The solution was then cooled to 20 C 

and made up to 100 ml with distilled \vater. 

10 ml portions of this solution were then pipetted 

into two 50 ml measuring flasks. To t he one flask 5 ml 

of 25% ammonia was added. To the other flask 1.0 ml of 
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5% sodium metaperiodate solution and 5 ml of 25% ammonia 

solution. Both flasks were t hen P.:entl:" shaken and placed 

in the dark for two hours. After t wo lmurs the solutions 

were then made up to 100 ml and s haken well and allol·,red 

to stand in the dark for a further 15 minutes . 

The red colour produced was t hen measured in a 1 em 

cell, at a wavelength of 510 nm in a double beam spectro-

photometer, using the aloe plus ammonia solution as a 

b lank. An extinction of 0.250 r epresents S. 32 mg of 

anhyo.rous barbaloin. 

It is seen that the above assay makes allowances for 

the aloe-emodin already present in the aloe and for the 

yellow colour that is produced by the r esins and ammonia 

by using an ammoniacal solution of aloe as a blank. 

1. 4 THE METHOD OF MOHRLE FOR THE DETERi~INATION OF ALOIN .. 
IN ALOES AD :-WDIFIED BY ~ORHAi~I-1ER , \\'NJ.NER & BITTl,~ER 

( 19 6 3) ( 50) • 

Exp~rimental procedure. 

35 mg of finely powdered aloe lump was accurately 

wei~hed off and transferred to a 100 ml measuring flask 

with five 10 ml portions of hot water. Aft er shakin? for 
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0 
five minutes, the solution was co oled to 20 C and made 

up to 100 ml with distilled water ; 10 ml of this 

solution was then pipetted into a 50 ml measuri ng flask . 

Then 1 ml of a 5% solution of sodium metaperiodate and 

5 ml of 25% ammonia were added. The flask was well 

closed, shaken lightly and placed in the dark for two 

hours. After two hours the solution was made up to 

volume (i.e. 50 ml) with distilled "~1vater, shaken well and 

again placed in the dark for a furt her 15 minutes. The 

red colour p roduced was then measured at a wavelength of 

505 nm, in 1 ern cells in a double bE;am spectroohotometer 

using water as the blank. 

The aloin content vJas determined from the following 

formula. 

% .L\loin =( E 505 - 0. 0325) 100 

0 . 31~75 X 3.5 

In the above assay the aloin in t he aloe is oxidised 

by the sodium metaperiodate to aloe-emodin which then 

gives a red colour with the ammonia. No consideration is 

given to the aloe-emodin which is already present in the 

aloe, nor to the yellow colour w:1ich is produced by the 

resins with ammonia, which also reads at 505 nm . 
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1.6 DETEfu~I~TION OF THE WATER-SOL~LE EXTRACTIVE 

(B.P. 196~). 

The B.P, Mono~raph for aloes lays do1-m as the Officia'. 

Standards: Solubility in alcohol, a.n As h value, Loss on 

drying and a Water-soluble extractive. 

Wate~soluble extractive. 

The B. P. states that t h is shall not be less than 

75%, calculated with reference to t ':1e air dried drug, 

when determined by t h e followin~ method. 

Shake 1 gm, finely powdered aloe s '-'Jith 50 ml of 
0 

water at 30 C in a stoppered flask until dissolved as 

completely as possible. Cool, dilute to 100 ml with 

water, and again shake. Set aside at room temperature 

overnight. Add 1 gm of kieselguhr, shake well and filter. 

Transfer 25 ml of the filtrate to a tared flat-bottomed 
0 

dish, evaporate to dryness, dry t he residue at 105 C for 

three hours , and wei~h. 

The U.S.P .XVII includes a very similar water 

soluble extractive method to t hat of t he B.P., but the 

extractive reQUired is only 50%. 
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C H A P T E R 2. 

COMPARISON OF THE ALOIN CONTENT OF DIFFEREl\iT COMMERCIAL 

SAMPLES OF C1\PE ALOES AS DETERMINED BY THE DIFFERENT 

METHODS OF ASSAY. 

A series of commercial aloe samples was assayed 

by the as say methods already outlined. The al o in 

c0ntent o f these samples varied between 11% and 30%. 

In additl0n the c hemical const ituents varied and the 

samples used contained all the chemical compounds 

known in aloes. 

2 .1 . COMPARI SON OF THE ALOIN CONTENT AS DET'SRMINED BY 

THE r~ETHODS OF FAIRBAIRN AND BY THIN L.llYER 

CHRO!.f.llTOGMPHY. 

'A'hen various samples of aloes 1,re:re ~ssayed by the 

methods of F.lliRB.L\IRN and thin l ayer chr')rn8.tOP'rA.phy the 

results obtained were n')t c 0nco r dant . It can be seen 

from Table 3 that the thin layer method g-ave c rmsistently 

hi !Zher results. 
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Table 3 . 

. 
Sample FAIRBAIRN T L . C. .. 

1 13.3% 14.3% 

2 15.9% 17~2% 

3 19.9% 23olr 

4 12.9~ 1). 5% 

5 19.6% 20. e'! 

6 14.97" 16.51 

7 12 . 3~ 15. OrJ 

2.1 . 1. INVESTIGATION INTO VARIANCE BE'J:'l/lEEN THE TWO 

ASSEi 1v: ETHODS. 

TltJ0 fact0re could "'ive rise t::> a hiD'her result with 

the T.L.C. method, these bein!2': 

i) Interference fro m 0ther cnmp0unds . 

ii) Interference from the silica ~el. 

i) Interference due to other c 0mpouno.s . 

A li~Zht blue hal0 spreads above the al')in and 

mer~es with it at the top, (blue resin ment10ned by 
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.LWTERHOFF (1), BOHME & KREUTZI'J (5), HORHMmER et alia 

(50) and others) and it is n·Jt possible t0 re!T!0ve this 

completely from the al0in sp0t. Variati0ns \\rere tried 

in the solvent, thinly spread plates and thickly spre~d 

plates, different lenqths of activation of the pl~tes, 

but complete separati')n C')uld not be ')l) tained. The 

amount of overlap could be deter~ined by sprayin~ the 

resin spot with fast blue B, the resin spot turnin2 

orange b0th in dayliqpt and under ultra-vi'1let li~ht. 

Fortunately this resin has its peaks at 296, 253 

and 245 nm and the readin2 it gives at 360 nm is 

negli£?:ible. This may hence be d isreqP.rded as a p~ssible 

s0 u r c e o f error. 

ii) Interference due to silica qel dissolving in the 

methanol. 

KORTE and SIEPER (54) in their ~~rork with Cannabis 

reported that the silica ~el interfered with their 

readin2s below 500 nm . So it was decided t') determine 

whether it interfered A.t 360 nm, in vie\·T 0f the fact 

that b •Jth BOHME and KREUTZIG (6), and McC!JRTHY (6~) 

had preVi)usly observed no interference with readin~s 
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taken at this wavelen~t h. 

100 m~ of silica gel was scraped ~ ff a u late 

which had b een developed in chlor '1 f n rm: ethanol ( 3:1 

v/v) . This was transferred t 0 a c entrifu~e tub e, 5 ml 

of methanol pipetted in and well stirred. This w~s 

then centrifu!2.'ed and the supernat ant filtered t hr 0urrh 

Whatman 542 filter paper directly i nt o a 1 em cuvette. 

The spectrum 0f this solution WRS t hen scanned , t he 

r eadings obtained in t he 1on~ wa ve re~ i0 n of t he 

spect r um were very l :)W hut t h ese i ncrea s ed as t he ultra­

vio1et region wa s a pp r oached. At 360 nm t he readin~s 

obtained were quite appreciab le. 

Thi s erro r can be 0b viated either: 

i) By usin~ a b l ank o f silica ~el in methen 0l 0r 

ii) By intrnducin~ a c0rrecti o n factor. 

2.1. 2. DETEffiHNATION OF A CORRBCT IO~: FACTOR FOR 

SILI CA GEL. 

Graded wei~hts o f sil i ca ~el ran~in~ fr0m 25 t '1 

100 m~ were rem0 ved from a pla te which had b ee n run in 

chlor oform: ethanol ( 3:1). Th ese ~·;ere transferred t o 

centrifug e tub~ 5 ml :) f methanol p i·petted in and 
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stirred well. The tubes were centrifuCl'ed. and tbe 

supernatant liquid filtered thr~u~h tfuatman ~42 filter 

paper directly int~ a 1 em cuvette . This was then 

read at 360 nm a~ainst methanol . 

Table 4 • 

. 

weight of reading 
silica gel 1 2 3 4 

25m~Z o. 025 0.022 o. 024 0 . 021 

50mg 0.022 o. 020 0 . 022 o. 020 

75mg 0.022 0.022 0.021 0.022 

lOOmg 0.021 o. 024 0 . 022 o. 023 

From Table 4 it is seen that a c~nstant figure ~f 0.02(2) 

was obtained , irrespective o f t h e weig-ht 0 f silica 

gel taken. This t,.rt:-s then subtracted fr0m al l spectr0-

photometric reaCl.inO's of al~in, elute-::1. fr1m silicB. '?"el, 

and read at 360 nm. 

It is hiq-hly p r 0bable thR.t t h e interference due tro 

silica &r.el varies from batch t0 batch, in view o f the 
.. 

fact that BOH:i,E and KREUTZIG (6) ano. i~cCARTHY (6~) 

f0und no interference. 
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2. 1. 3. COMPARISON OF TRE ALOIN Co~rTEl\T'r OF ALOES li.S 

DETERM I NED BY THE METHODS OF FAIRSAIRr~ AI:.TD BY 

THIN LAYER CHROMATOGRA~HY CORRECTED. 

Table 5 shows t he results obta ined by the meth')d 

0f FAIRBAIRN and corrected T.L. C. met h0d . 

Tab l e 5. 

Sample FAIRBAIRN T . L.C. 
corrected. 

J 13. 3% 12.5% 

2 15. 9% 15. 3~i 

3 19.9~ 20.51 

4 12.9'/ 12.21 

t; 
./ 19 .6% 19 .11 

6 14. 9% 14. 4>; 

7 12 . ~'! 1 "3 . 2'/ 

~ 11. a:; 1 o. 5;·· 

9 12.4% 11.71 

10 12. 5r!/ 11,51 

11 29.7% 20 gr< / • ;< 

12 30. 5~ 29. 91. 

13 30.5% 29. ~li' 
-
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From this it is seen that there is c l0 se a~reement 

between the results obtained b~r t he t'l:v0 diff erent assay 

methods. Especially when it is considered th8.t t he 
+ 

limits o f erro r of the FAIRBAIRN method are - 11 and 

C + 2 ' that 'Jf the T.L •• meth0d are- % 

2. 2 ALOIN CONTEi~T OF ALOES 1\S DETER?·:! NED BY T~IE r~ETHOD 

OF MOHRLE ( .L\8 ~-WDIFIED BY HOffii~C:ER et alia (50) ) 

CO:,~p ii.RED WITH THAT OBT.t~IN:GD BY T:IE METHODS OF 

FAIRBAIRN AND T. L.C • 

.. 
HORHlli~MER et alia (50) f 0 und excellent ~~reement 

between their m0dified. method and thin layer c h romato-

g rapby . However in this ~~0 rk it ~vas f0und th8. t the 

results ob tained by their meth()d were ~enerally ~~0% 
t00 hi&rh, t 'liS beinQ' clue in part t n t he yellov.r c1l 1ur 

produced by reacti')n with the a:!!mrmia, t'nis c010ur pr')-

ducing a reading at 505 nm and c0nsequently ~iving a 

false hi~h reading. A similar 1-:lio-h readinq is d.ue t0 

t h e presence of al0e-emod.in in the Sfl.m·~:le. 

Table 6 s hJv.rs the values ob t .!li ned f0r the cliff-

erent samples assayed by the three different meth0ds . 



Tabl e 6. 

Sample FAIRBAIR~r T. L. C. rfO:!RLE C X 100 
m0dified A 

A .. by 
:-:0 RRL\1-1? :ER 

c 

1 1 3. 3~ 12.5% 15 . 7% 1H1_% 

2 15 . 9~ 15 . 31{ 19. 3'1 121% 

3 19.9% 20. ~f.. 23.9% 1205{ 

4 12. 9% 12.2% 16. Cf/ 12~1 

5 19 . 0/ 19.171 22!3% 120% 

6 14.9% 114 . 41 19 . 4% 1241 

7 12. ~% 13. 2f. 15 . 7'/ 122% 

8 11. 05{ 10. 5% 15.01 1 )6% 

9 12. 41-' 11. 71 15. Of 121% 

10 12 . 5~ 11. 5% 16. 3~ 13~ 

11 2S . 7':<" 29.87{ 34 . 61, 117% 

12 30. 5% 20 9o1 ./ • fr. 34 . Of.. 112% 

Fr~m this it is seen that t he metb.")d 0f ;.!QP.:RLE as 

me>dified by HORHAMt~ER et alia (50) is f 8.r t00 inaccurate 

to be used as a quantitative assay for a1~in in al~es. 

This method can , however, be used f)r t he assay of 

pure aloin for which i t e h0ws excellent aqoreement i'lith 
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the results obtained fr~m the T.L.C. method. A sample 

~f aloin c0ntaining 92.3% aloin and 7.2% moisture qave 

a res ul t a f 9 2. 5% and 9 2. 7% aloin by the T. L. C. me t h <~d, 

When assayed by the methJd 0 f MOHRLE m<~dified by .. -
HORHAMMER results of 91 .35% were obtained. 

2.3. ALOIN CONTENT OF ALOES AS D~TEffi : I ~ED 3Y TEE 
.. .. 

METHOD OF MOHRLE (JlS :.:ODIFI ZD BY BOHfi~E fJ.liJD 

KREUTZIG (7) ) , COMPARED ~!IT~ TH~\T OBTAINED 

BY THE METHODS OF FAIRBAIRN AND T.L.C. 

Fr~m Table 7 it is seen t hat very close aqreement 

beti>~een aloin cont ent is 0b t A. ined by these t hree methods 

of assay . 

The modified HOHRLE me t hod does, ho~vev e r, have two 

serious draV~rbacks, the first being t h::>_t its rep roduc-

ibility is temperature dependent. The second. is t ha t 

it cannot be used in it s present form for the assay of 

pure aloin or samples of aloin cont ?.i n inc;r a hiqh per-

centag e of aloin, but merely for alo es . 

This is due to the fact t hat a solution of aloin 

and ammonia absorbs a t 510 nm, hence if t his is used 
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as a blank, a low readin!!. 1~1 111 be obtained for t he aloe 

-emodin and ammonia in the other cel l , w~ich has max-

imum absorption at 510 nm. 

Table 7. 

.. 
Sample Fl~IRBAIRN T. L.C . l:OHRLE as 

modi fed by 
BOHHS 8: 
KREUT'?.IG . 

1 13. 3~' 12. 5~ 13. 31. 

2 15 . 9% 15. 3%" 14.31 

3 19.91 20.51- 19 . OJ 

4 12.9% 12. 2~: 11. 5% 

t:; 19. Otf. 19 . 17~ 19 . 0'). ../ 

6 14 . 9% 14. 4; 14 . ~% 

7 12.~4 13 t"lc;' . • c.. I- ~ .sf. 

~ ll.O% , 0 t;c1 
'""'- ~ .,.., ... 0 7" .) !' / t. 

9 12 . 4% ll ....,c:1 
·- • ( 1- 12. Of' 

10 12 . 1=)% ll ! Sf. 12.0%" 

11 29. 771 ?a ~c 
·-7 . '~t- 2q . Of 

12 30.51 29.9% 27 . 4% 

This is demonstrated by t he follo"t\Tin,. assay of a sample 

of p ure aloin . ;·,'hen, on arrival, the sample wa s un-
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sealed and assayed by t':lin layer c ~Yromato9'raphy , it 

c h romatoP-:'raphed pure and assayed. as ~OO% aloin. The 

sample absorbed mo isture on standin9". This moisture 

content was determined by dry in<! at 60°0. The sample 

was then assayed by two different \vorke rs, both by tl-J.e 

T.L.C. method and by the method of ~~OHRLE as modified 
.. 

by BOHEE and KREUT'ZI'J.. 

(two 
.. 

BOHYE Moist aloin T L.C. BOt[~E r· f. 8· 
workers) KREUT?.Ir1 KREUTZIG 

1< T.L.O. 

92.8% 0 2 5cif • Q'J 7% ./ . l· • , c. . ( ~~-fSl:c:' .. ,. I o. 90 ( i.e.9Q%) 

The sample of aloin was allowed to stand for a further 

two days and again assayed by T.L.C. Furthermore the 

percentag-e purity was determined from the B. P.C . 1968 
.. .. 

(8) and by the method of !I:OHRLE e.s modified by BOHl~E & 

KREUTZIG. 
- .. 

B.P.C. T.L.C.(t~ro \vorkers) '0 t)'r.!'"' -'i'j' . \.,) ·- ... _. & 5{~0BME & 
KREUT'ZIG K '-1 EUT 'ZI G 

,1T.L.C. &B.P.C 

90. 7il) 9 0. )"J 31. )'j. o. ~.s6 ( L e. 
¢.C? . 6c'.' 

From this it is seen th~.t the ratio of the metho d of .. 
MOHRLE (as modified by B.OHI,~E & KREUTZIG) to T.L.C. is 

the sa~e in both cases, ~howin~ that the forQGr 
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method when used fo r al oin ~1ves a consistently lower 

figure than the cor rec t one . Hence it is seen that 

this method of assay cannot be anolied to aloin of a 

high per centage pur ity. 

2 . 4. COMPi\RI SON OF THE 1\LOIN CO:J'rENT OF 1\LOES .AS DE­

TERlliiNED BY THE rETHOD OF YO:!RLE ( 1\S :-!ODIFIED BY 

:!OREi\E}iER) 1\ND THE METFI OD OF r-:O;.IRLE (AS : :ODIF'I ED 
.. 

BY BOHME lLT\!D KREUTZIG) 

Table 3 shows the percenta~Tes of aloin for the 

different sampl es of a loes as estir;!ated by the two mod-
.. 

i fication of the method of i-~ORRLE . 

Table S 

.. .. 
Sampl~ i-:OERLE modified :.mBRLE mod i fied 

~ORRA :~ '.ER. BOHME & 
KREUTZIG. 

1 15. 7'1 13. 31< 

2 19 . 31. 14. 3'!. 

3 23!9% 19 . or 
4 16. 0'}{ 11 . Stf 

5 22. 9tf lq . 0% 

6 19 . 4% 14 . 31. 

7 15 . 71- 3.5'f.. 

3 15.0f. 9. 7% 

9 15 . ~ 12. O% 

10 16. '3% 12. C1J. 

11 3~ . 61. 29. 0% 

12 34. ot 27 . 4~-
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.. 
It is seen that the assay as modi fied b~r HOR.tt.iU'-1'!':ER et 

alia (50) 9.'1ve s a consistentl y hio:her r e sult than the 

assay as modified by BOH14E and KREUT?.I G, t h is bEinO" 
.. 

similar to the results ob t a ined when BOID~E a nd KREUT?.I'"!. 

compared their assay 't-Ilth t he orirr ina1 assay of r·~O~RLE 

(70). 

2.5. COMPARISON OF THE WATS~SOLUBLE EXT~\CTIVS 3 ,P. 

1968 ·.nTH THE J\LOIN CONTENT. 

Table 9 compare s the v.r 9.t er-soluble extractive of 

various aloe s amples with their aloin conten t, determined 

by the method of FAIRBAIRN. 

Table 9 

Sample wat er- soluble 
extractive 

( VI. S. E.) 

1 761 

2 7r:>% 

3 8~% 

4 63 . 2~ 

5 7'6. 41 
6 77% 

7 59 . 6'}( 

8 56 l"a· • or. 
0 
./ 72. 51 
10 64 . 6% 

q c H' 
. , • u . J.:J. Aloin % 

5 

1 5 .2f. 13.41 

15 . Otf. 1~ . 9f 

16 . 57 19 . 9'/' 

12.6f. 12 . 9f. 

C v · l o . , 19 . CY/ 

15 . 01 14 . ?1 

12 . ~ 12. ~f. 

11 ~:<' • ~I· 11. o; 
l l.J . t:)% 12 . 1.!;' 

12 . 9f 12 . 57{ 

·- -
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The B.P . states that an aloe sam1)le must have a v.rater-

soluble extractive of at least 75~ . From t his it is 

seen that me>.ny samples of Caoe alo e s 1.,rould fail to 

meet t h is r equirerr.ent. It is also seen t hat if a 

sample has a water-soluble extr8ctive of less t han 75% 

then the aloin content is ~enerally belov.r 1!.!~ . .1\lso 

that if t he lflate~soluble extract ive is divided by five, 

the fi~ure obtained is within 3% of the aloin content . 

2.6 . THE t~SS i\Y OF ALOES CONT.I\INirG- DIFFERENT CONSTIT-

UENTS. 

Th e assay methods Wh ich have already been discussed 

'\vere then used to assay sanples of aloes containins;r 

different constituents ·from t he norma l co mmercial sampl e 

of Cape aloes. 

2. 6.1. .1\LOES CO NT .1\I!'~ING I SOBARB.I\LO I N. 

Cura9ao aloes contains isobe r b aloin t.;hic h is be­

lieved by most workers to be an ootical isomer of aloin. 

This on hydrolysis yields the s arn e a gl ycone as aloin, 

namely aloe-emod in ( ·J..!1RDNER &- JOSEPq ( ex 66) ) . Henc e 
.. 

t he met hods of F.I\IRBAIRr; and ~~O~i~LE, for assa;r in~ aloin 
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c ontent estimate not only al o in but also t he iso-

barbaloin whi c h is also convert ed to alo e- emodin, l.¥here-

as t h e t hin layer c hromatoO'r aphy me t ho d_ o f as s a.v s f'J.oulcl 

a s s a y aloin alone . 

On assayin~ a sample of Cura9ao aloe s b y meens of 
.. 

t he met hods of F.L\IR':)!I.I RN, 1W~iRLE ( modi fied) an-1 t ~in 

1 ay er chroma toc:rraphy the follow i n()' r e s ults wer e oh tai ned 

Tabl e 10. 

~ 

!I.e say method F.L\ IRB!I.IRN T L. C. :~vHRLE ( mod-
ified b y 

B.:JHI~E & 
KREUTZI ~ . 

Al oin % 29. 6&). 2~ . 251- 29. 0 3~' 

From Tab le 1 0 1 t is seen t ha t t here is no O'rea t 

difference in t he results obtained. This wa s found to 

be due to the fact tha t the solvent normally u sed i. e . 

chloro f o r m:et ha nol (3 :1) do es not separ r-.te aloin and 

lsobarbaolin . This was demonstrateC. b? sp r ayinl!. t he 

p l ate with nitrous acid upon which t~e purole colour 

wh ich developed l.V ith t h e isob arbaloin coincided with t h e 

aloin spot . In order to d etenr i ne t he aloin and iso-



barbaloin indeo endently the pl ate must be developed in 

ethyl acetate:glacial acetic acid:1.vat er (5:1: ~ v/v) . 

\'lith this solvent system t he aloin and. the isobarbaloin 

sepa rate into t1vo discrete spots l<Vhich can be ea.sily 

removed from the plate. Since aloin and. isobarbaloin 

have the same spectrum 1~rith oeal<s at ~r- o, 20~, 21S~ and 

222 nm it is possible to take the rec:v:l.inO' s for b oth 

compounds at a wavelen~t~ of )60 nm . The results w~ich 

were obtained. are seen in Table 11. 

Table 11. 

isobarb plus aloin . (with sol vent c hloroform: 2S. 20% 
ethanol ( 3 :1 )) 

isobarbaloin. ( separated with ethyl acetate~ 12.5 ~ 

aloin. Glacial acetic acid an j. ':vE'. t er 1 5 . 75aJ 
(5:1:4)) 

. 2S . 25% 

2. 6. 2. ALOES CONI'AININ':.+ T~E ALOIYSI!)ES. 

The alo insides were discovered. by HORHA~~ -ER et 

alia (SO) in certain samoles of Cane aloes and are 

found in A. africana. These are 0-,.,.l :rcosides of aloin 

and have been sho1vn to lJ.ave a Si milA."!:' 9.cti vi ty to 
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a l oin in mice. With both the assp~r of FAIRB.niRN and. 
.. 

of IV!OHRLE the aloinsid.es are first hydrolised to aloin 

and finally oxi dised to aloe-emooin so th~ t they are 

estimated in terms of aloin . 

However \..rhen e st i mf' ted by t)'}in lay e"':"' chroma toP.'raoh,v 

two spots a ':;pear if the solvent, c hloroform : etha!1ol (~:1) 

is used. to develop the plate, the UiJDer soot bein"' aloin 

and the l ower spot combined aloin sides A and. P. The 

spectrum of the aloinsides and aloin are very similar 

and the aloinsides may be de terminec. in terms of aloin 

(VAN OUDTSHOORN (~7) ) • 

A sample of Coega aloes w~1ich contained the aloin­

sides was assayed by the three as sa;.r methods , Table 1 0 

showin~ the results obtained. 

Tabl e 12 . 

u 

FAIRBAIRN method . MOHRLE (modified by 
B'6tLE & :\REUTZIG) 

T.L.C . 

30. 5% 27.41 14 . 2t)f- aloin 

1'5. 641 aloin-
sides. 

2c . ~q% total 



From this it is seen that there is close a~reement on 

total aloin content . 

2. 6. 3. 1\.LOES CONTAI NIN'J THE 11 PERI ODl\TE ?OSITI VE11 

COMPOUND DESCRIBED BY BUE~:E and KREUTZIG ( 5) . 

BOHME and KREUTZIG (~) were t he first to report a 

compound in Cape aloes which was oeriodate positive 

but which ra~idly faded on standin~ . This spot was 

found in a sample of commerci~l aloes from Alicedale in 

the Eastern Cape. Althouqh it wa s not ~ossible to 

separate it from aloin usinr;r t lt in l ayer c'1romato£l:'raohy 

and chloroform : ethanol (3:1) n.s the developer it did not 

appear to interfere to any extent Wit h the as say, as 

close a'"~'reement w.qs obtained as to t he aloin content of 

the sample by the three different methods of assay. 

Table 13. 

FAIRBAIRN method Mg~RLE (modified by T.L.C. 
BOHME & K~EUT~I G 

19 . 05~ 19 . 04% 19. 0g% 

When assayed by the method of MOHRLE (n s modified by 
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BOHl~E & KREUTZIG) on the addition of the oeriodat e 

solution, the solution turned purple, but with the 

a odition of ammonia it became yellow. The purple 

colour produced by the periodate does not interfere wit~ 

the assay due to the rapidity with \v!1ic h it disappears . 
. I 

This 11perioc:.ate positive 11 compound is of interest sine~ 

it partially resembles isobarbaloin in its reaction to 

periodate, althou~h for the l atter co mpound t he purple 

colour formed by periodat e fn.des only ., fter a consider­

able time. However it s eems proba1Jle that this compound 

has purgative activity, since i t is onl~ this s~rnole of 

aloes that has a oun;r..q_t ive Rction rrrer.ter than expected 

from the amount of aloin present . Th is hRs been con.:... 

firmed in tests on rats and humans , and will be re.:... 

ferred to in greater detRi l under section 4.6 • 

2. 6 . 4. 1\LOES COi'!Tl\I ~'1 NG H0~'-1m.TATALOIN . 

1) 1\ssay of Homonataloin by T ~1in La:rer C'J.roma toO'raphy. 

This was performed R.fter t h e met ~10d of McCARTHY (67) 

utilisinrr thin la;rer c~lroma.toP.'raph~' . The assay is per-

formed as for the t hin layer c h romatoc:r.raphic assay of 

aloin, except that in this case t ~1e readinrr is made 

a r;rainst a blank of rnethanolic silica O'el ext ract at a 
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waveleng:th of 29~ nm. The brown homonataloin soot is 

isolated after iocation under ultraviolet light and then 

treated as described for aloin in section 1 . 3. Concen­

tration of bomonataloin is obtRined from a standard 

!Z'raph. 

2) InvestiD'ation to see whether the assay of FAIRBAIRN 

would detect Homonataloin. 

Due to the fact that homona talo in is found in a 

larQ'e number of South Africlln aloe species (over 20 to 

dnte) and that aloe juice is collect·ed by unskilled 

labour, there is Rl'!Arays the possibility that a commer­

cial s::~.mpl e may contFlin homona talo in in s teA.d of aloin 

( e . g . the old N'='.t al aloes). Thus it was decided to see 

if a laborRtory worker performinO' an assay involving: no 

visualization as in T.L.C . could detect t h e difference. 

Homonataloin was taken ana. assayed as for aloin by 

means of the Fl'uRBAIRN method of assay. Everything: pro­

ceeded normally until step 2 section 1 . 2. which involves 

the alkali extraction of the CP.rbon tetrachloride con.:.. 

taining the aloe-emodin. On the first alkali extract~ 

ion the resultin~ solution gave a red brown colour. 
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On the second extraction with N. NaOH a mauve coloured 

solution was obtained. On combination of these two 

alkali extracts, removal of any carbon tetrachloride 

present by warming, makin~ up to volume and readinq in 

a spectrophotometer a~ainst N. NaOH, it was found that 

the main peak was at 460 nm instead of 505 nm as for 

aloe-emodin in NaOH . T·,is fact automatically makes it 

impossible for the desired value of 2 for the ratio 

of reading at 500 nm to reading at 440 nm to be obtained 

by virtue of the fact that the reading at 440 nm Wil l 

nearly always be hiP:her than that at 500 nm . This will 

immediately indicate the presence of components other 

than aloin, e. &J: . homonataloin , and t l1is indicf.ltes adult­

eration. 

Investigation to see whether the assay of MOHRLE 

would detect Homonataloin. 

The assay of homonataloin by the method of MOHRLE 

was per farmed as for aloin. On the addition of the 

periodate solution to the solution of homonataloin a 

purple colour immediately developed, whic h chane::ed to 

a yellow colour on the addition of ammonia solution. 
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After standing in the dark for two hours an oran~e 

colour was found to have developed. ill though this 

orange colour gave a fairly high r eading at 510 nm it 

was found that the maximum reading occurred at a wav~ 

length of 460 nm. Hence it is seen that a laboratory 

worker could possibly assay u sample of alae containing 

homonataloin and, not realising this, express his 

results as aloin. 

From this it is seen that a ratio of the spectra.:... 

photometric reading at 510 nm and thB.t at 460 nm should 

be introduced. For the assay to be a valid estimation 

of the aloin content of a sample of aloes this ratio 

should be greater than one. In this manner the danger 

of assaying homonataloin as aloin could be removed 

completely even if the laboratory worker failed to see 

the purple colour produced initially by the addition 

of the periodate solution, or the fact tba.t the colour 

at the end of the assay is orange and not red. 

2 . 7 Breakdown products of Aloin. 

2. 7 .1.~ l3eta-barbaloin-·. 
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~barbaloin is mentioned in the B.P.C.l968(S) 

as one of the constituents of aloes. 11)3-barbaloin is 

amorphous, water--soluble, isomeric with barbaloin and_ 

formed from it upon heating at hi~h temperature due to 

prolon~ed heatinp: of the juice: Cape aloes contains 

most (about g%), due to prolong-ed boilinQ' of the juice 

and the hiqh temperature attained towards the end of 

bo1lin~Z". DENSTON (22). 

Formation of }3--barbalo in. 

Aloin was placed in a ~lass ampule and heated in 
0 

an oven at 170 C for three hours. On removal, the 

yellow aloin had changed to l?'ive a dark brown-black, 

metallic-app earinQ' substance. On a-9 d_inQ' methanol t hie 

did not all ~o into solution. 

The methanolic solution was then chromato~raphed 

usin~ chloroform:ethanol (3:1 v/v). On observation of 

the plate under an ultraviolet lamp it was seen that 

two new spots had appeared, the one b ein~Z just above the 

aloin and_ the other (a smaller spot) lyinq just above 

this. They were a similar colour to aloin, except 

bein~ slightly darker . These spots were then sprayed 

with the followinq reagents: 

.1) Kio4 - no colouration was obtained_, hence it cannot 

be isobarbalo in. 

2) Ammonia.:.. Yellow under u.v. light (same as aloin). 
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3) Ma~.acetate.- Yellow under U. V. li~ht (same as alci~t 

4) Fast Blue B.- no reaction, hence it is not resinous! 

The spots were removed from a thih layer plate, eluted · 

with methanol, centrifuged and filtered through Whatman 

542 filter paper into a 1 em cell and the u. V. spectrum 

determined. There was no peak at 359 nm as there is with 

aloin. The main peak occurred at 295 nm 1,ri th a small 

peak at 252 nm. Both the spots gave t he same spectra. 

The peak at 29 5 nm is typical of anthraquinone compounds. 

A chromatogram was then develoned usina ethvl acetate~ - . . 
~lacial acetic acid:water (5:1: 4) as a solvent system. 

Here only one spot was found, this occurrina immediately 

above the aloin a nd merEZinP.' sligh tly with it. On standing 

for a few days this spot became visible in daylight as 

a light brown streak. 

2. 7. 2. ALOIN CONTENT AFTER HEATING AT 150°0 FOR TWO HOURS. 
0 

Pure aloin was heated at 150 C for t wo hours and 

then assayed for aloin content by thin layer chroma.:.. 

toP-:raphy and by the method of FAIRBAIRN. 

Method Thin layer chromato r.-raphy The FAIRBAIRN 
Method. 

% aloin S4. O% S4. 5%' 

From this it is seen that there has been a loss of 16% 

aloin. From the thin layer plate it was seen that only 

a small amount of aloe-emodin had been formed. Hence 

the 16% of aloin must have been conv erted to j>-barbaloin, 

aloe-emodin and the methanol- in s oluble residue. 
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Determination of whether the spots which arise from 

heatin~ aloin might exist in aloe. 

The spots which arose from heatin~ the aloin have 

not been observed in aloes when c hromatographed, but 

the possibility exists that they might be masked by 

some other spots. In order to d etermine whether this 

was so a chromato~raphic plate was spotted with a meth­

anolic solution of aloin Which had been heated at 150°0 

for three hours. This spot was then overspotted with 

a methanolic solution of aloes, the pl ate chromato!Z'raphed 

~usin~ chloroform:ethanol 3:1) and examined under a U.V. 

lamp. The new spots above aloin could not be seen as 

they were obscured by the resin spots of aloes which lie 

immediately above the aloin spot. Hence ~barbaloin 

waul d not normally be observable in aloes. 

2. 7. 3. The breakdown of Aloin in aloes. 

In t he preparation of aloe lump , which involves 

the boiling of aloe juice for several hour s , there is 

a considerable loss in the aloin content . This has 

been demonstrated by VAN OUDTSHOORN (86) who found that 

the loss after two hours of heating was only 3%, but 

at the end of the process was ca. 101 aloin. McCARTqy 
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0 (65) dried aloe sap at 150 C in an el ectric ov en and 

demonstrated that the aloin lo ss was dependent on time 

of heatiniZ and the thickness of the layer of aloe sap. 

A thick layer (1~2 em) ~ave a relative aloin loss of 

11.4 ~ 13. O% 

A thin layer (1 - 2 mm) ~Zave a relative aloin loss of 

4.1 ~ 7.7% 

Thus it is s een that there is a considerable loss 

of aloin on heatin~ . However on assayin~ the al oe lump 

for alo~emodin it is found that there is only a very 

low percentage of alo~emodin present. 

FlURBAIRN (53) stat~s t hat the alo&-emodin per­

centage seldom exceeds 0.5% when expressed in terms of 

aloin. To investi?ate this further, four samples of 

aloe lump were assayed for alo~emodin by the followiniZ 

method: 

l ~ of aloe lump was shaken with ~0 ml of hot water 
0 

for 5 minutes, allowed to cool to 20 C and then made 

up to 100 ml wit h distilled water, 10 ml of this sol-

ution was then pipetted into a separatiniZ funnel, where 

it was extracted with 3 x 15 ml portions of carbon 
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tetrachloride. The aqueous layer ~~raR then rejected and 

the combined carbon tetrachloride port ions were 1~rashed 

with 2 x 10 ml portions of water. The aqueous washin~s 

were then rejected. The carbon tetrachloride layer 

(containing the alo~emodin) was then extracted with one 

10 ml portion of N NaOH and one 5 ml nortion. The com­

bined alkali layers were then warmed in a small porcelain 

vessel over a water bath for 5 minutes with co nstant 

stirring in order to remove any carbon tetrachloride 

which might still be present. The solution was then 

made up to 25 ml and the red colour measured at a wav~ 

length of 500 nm against a blank of N NaOH. 

The results obtained for the four different samples 

expressed as aloin appear below. 

Sample Curf!cao 
~ 

Coe~Za Kirk1.vood Cape aloes (lot 3g) 

o. 29% 0.125% 0.162% 0.23% 

These results are in a~reement with those obtained by 
0 

FAIRBAIRN ( 5'8) • From this 1 t is seen that al thou2'h 

there is approximately a 10% lo ss of aloin in the pr&­

paration of aloe lump, there is a final concentration of 

aloe-emodin of less than 0.5%. Conseouently t he total% 



aloin altered by heatin~ is not conv erted to alo~ 

emodin. 

By virtue of the fact that the nature of the work 

performed was divided into two different techniques, 

namely chemical assays and bioloa-ical assays, this 

work has been divided into two main sections, Chapters 

1 and 2 dealing with the chemical assays and Chapters 

3,4 and 5 dealing with the biolo~ical assays . There 

will be a short resume at the end of each section on 

the work performed in that section, with a final 

summary and discussion at the end. 

/ 

Resume of Chemical Assays. 

In Chapter 1 the different chemi cal methods of 

assaying alo es are outlined wabrief scheme. The 

c hemi cal methods of assay i"lhich were useo_ in this work 

are then described in detail. 

In Chapter 2 the results obtained for a series of 

commercial samples of aloes when assayed by the diff-

erent chemical assays investi~ated are compared. Here 

it was found necessary to introduce a correction 
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factor for the thin layer chromato£rraohic method of . . 

assay due to the interference caused by silica gel. 

The assay methods were also used. :for the assay 

of pure aloin and here it was demonstrated that the method 

of MOHRLE as modified by BOHME & KREUTZIG cannot be 

used in its present form for the assay of aloin of 

hi9'h purity . 

The assays were also performed on aloe samples 

known to have chemical constituents different to the 

normal commercial samples of Cape aloes to determine 

whether these interfere in any way with the assay. 

The relationship between aloin and t he water 

soluble extractive (B . P. 196g) was also investigated. 
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CHAPTER 3 

3.1 THE USE OF BIOLOGICl\L ASS/lY HETHODS FOR 

I NVESTIGATING PURGATIVE ACTIVITY. 

Biological methods of assay are used to measure 

the potency of dru?s for which there are no sa tisfactory 

physical, chemical or physico~chemical methods by 

observing their pharmacological e f fects on living 

animals or tissues, 

They are particularly useful for substanc e s which 

have not been obtained in a pure form and cannot b e 

assayed in the impure state by chem ical methods, 

particularly if the nature of t he act ive substance is 

not known, 

Drugs which are assayed biolo~ically are compared 

for potency against a standard prepara tion of t h e same 

substance wherever possible, or at second best a gainst 

a substance possessing similar a ctivity. Before stable 

standard preparations were introduced it was customar y 

to express potency in animal unit s, i.e. the weigh t o f 

dig italis lethal to one f?,'ram of f ro cr was cal l ed a frog 
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unit. This was ho1-1ever unsatisfactory clue to the ~~rei!7.ht 

variance, state of nutrition, sex variance and variation 

between different strains of labo ratory animals. Even 

though the use of standard prepar~t ions eliminates these 

errors it does not compensate for variations in the 

animals used in a particular laboratory . These errors, 

however, can be estimated by statistical me thods and can 

be reduced by using a sufficiently large ~roup of 

animals. 

Much of the progress i n biolO f?. ical standardisation 

has been due to the realisation of the need for a strict 

statistical analysis of the results. 

EMMENS ( 24) summarised the szeneral principles to 

which any biolOf.iCal standardisation must conform as 

follows; 

1) A standard reference preparation must be used 

simultaneously with the preparation und er test. 

2) The assay must prove a valid, unbiased estimate of 

the potency of the preparation under test and the 

limits of err or of this estimate at any required 

probability. 
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3) The assay must provide evidence that the actions of 

the preparation under test and of the standard 

preparation do not differ. 

4) The most accurate method will be that for which the 

quantity s/b is minimal, where s is the standard 

deviation of an individual result and b is the slope 

of the dose response line. 

5) The living material receivin~ each dose of the 

standard and unknown must be as uniformly 

distributed among such dosage groups as is possible. 

Potential sources of variation such a s difference in 

response between lit t er mates, sexes or strains of animals 

must be minimised as far as possible by allocating: 

animals to dosage ~roups so that their influence can be 

isolated and examined in t he subseouent statistical 

analysis. 

Biological assays may be divided into t wo classes, viz. 

l) Graded Response Assays. 

These depend upon the measurement of graded response 

1. e. a relationship is obtained between a dose ana. 
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the response to that dose. Here the experiment is 

repeated at different dose levels and a plot of the 

dose against t he response , or of the log dose 

a~ainst response obtained. The log dose is 

generally related linearly to the response, and if 

this is plotted for both t he standard and the un-

known, a set of parallel lines should be obtained, 

the separation between them ~ivina a measure of the 

potency differenceJ ~curate results only being 

obtainable if the 1 ines are linear and parallel. 

2) Quantal Assays. 

These are commonly referred to as t he all~or~none 

assay, meaning that either a p9sitive result is 

obtained or a negative result • There is no 

gradation and the curve obtained is always S - . 
shaped i.e. at a low dose a nega tive result is ob~ 

tained and at high dose positive results are ob­

tained with all the test animals. This is u s ed for 

toxicity tests and for poisons and at low dose 

levels all the test animals live (negative result) 

while at high dose levels all t he animals die. 
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In Biological assays one of the ffi:)st important 

factors is the Laboratory animals used, their 

accommodation and treatment. 

3.2 Procurement of Animals . 

In laboratories it is p:enerally best to breed the 

small laboratory animals from a ~ood strain of animals. 

This inbreeding of animals is said to have the following 

faults: 

1) Differences are not great enough for practical 

interest. 

2) They are said to be difficult to breed. 

3) The technique of inbreedinq is laborious. 

4) If colonies are established in different places 

g enetic divergence Will arise between them. 

w. LAN&-PETTER (57) maintains that 1) and 2) are 

incorrect but does agree with 3) and 4) and he advocates 

11 Traffic Light sub-cultivation 11 , where primary colonies 

ot vari0us strains are kept in one :~lace and constantly . 
controlled, genetically, heal th-•\ri se and specific 

response-wise. Foundation stock fro m such primary 



55 

colonies may be cultivated elsewhere for up to three 

generations. This would obviate 3) and 4). 

BROWN and HUGHES (14) maintain that insufficient 

consideration is given to the differences that occur 

between animals to disease susceptibility, responses 

etc. They found the response varie ti on in the: writhing 

response to mild analgesics (used in the screeninry of 

analgesics) was such that certain strains of mice gave 

non-reproducible results , whereas others gave reproducible 

results. 

ANNIE M. BR01'/N (13) working with insulin on mice 

obtained similar variation in results, so that it can 

be a qreat advantage to obtain a strain of animal which 

gives a definite response in the test 1.vork for which it 

will be used, to one which gives only an intermediate 

response. 

Wherever the animals are procured from it should 

be from a stock which is kn!Jwn to be heal thy and 

disease free. This is particularly important if it is 

not possible to breed animals, and. all have to be 

obtained from a commercial breeder. 



Handling and Psychology of Labo ra tq_r:v Ar,imals . 

A good worker will be able to handle the animals 

sympathetically and win the i r confidence, While if h e is 

afraid that they may bite him or . if they are afraid . of 

him , the methodolop:y is at fault. The animals should be 

tame and hence should be re~ularly handled, as this 

facilitates man ipula~ion during actual experiments and 

gi v e s b e t t e r res u 1 t s • 

3. 3. THE ANII'(AL HOUSE. 

Too often finances dictate t he plannin~ of this , 

and not sufficient stress is laid on its importance. 

Siting. 

The animals should be kept nea r to the laboratory 

but preferably not in it. The breeding stock should also 

be kept separate from the normal stock, and in no 

circumstanc es should the animals be returned to the 

normal sto ck from the experimental side. 

The animal house shJuld therefore b e a separat e 

building, wing or flo or of the laboratory building. In 

any event it must be physically separate. 
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Construction. 

The animal h0use sh0uld be so C'Jnstructed e.s t0 

permit maintenance of a constant temperature, and 

constructed of such materials as to permit frequent 

washing down of the walls and t he fl0ors, which must 

have a smooth hard surface. 

Heating, Ventilation and Lightin~. 

Animal rooms should be maintained at a c0nstant 
0 

temperature t-Jhich shr:HJ.ld not var:r by more than 5 F all 

year round. The best method is t he delivery of heated 

air t::1roup.:h ducts with some fo r m 0f forced exhaust. 

Any form of artificial li?htin~ can be used, as 

all the animals except monkeys are col "JU!'-blind and. 

hence only respond to the intensity of the light. 

3. 4 THE Cli.GES. 

These must fulfil four functions : 

1) It must confine the animal ano_ be c0nstructed 0f 

material that the animal cannot break, distend or 

destroy. 



2) The cages must allow the animal to live in health 

ana c0mfort. Here the size is t he main C0nsider­

ation and this is dependant uo0n the length 0f time 

the a~imal is to be c~nfined in t he ca~e. 

3) A ca~e must be ec')nomical in first cost, accommo­

dation and maintenance. Simplicity of desi~n 

should be the first aim. As well as being the most 

hygienic these are also usually the best. In­

convenient catches, badly placed do0rs, ill-conceived 

trays etc. are all some of the inc0nveniences that 

can be caused by a badly designed cage. 

4) A cage must satisfy experimental requirements. 

For certain Nork a no r mal cage is not sui table and 

a specially designed cage is necessary e.g. in the 

metabolism experiments, LOU 1 S mice cages etc. 

3. 5 THE BIOLOGICAL il.SSil.Y OF PURGATIVES. 

Most of the work that has been done in this field 

has been done on the anthraquin0n e y;;urqati v es namely 

cascara, aloes, rhubarb and senna. 
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Purgatives evoke various re spon ses in laboratory 

animals and hence there are various responses which 

can be used as criteria for the b iological assay of 

purgative activity, These includ e peristaltic 

stimulation as used by ~AC~T (ex 17) and by LISH and 

DU!,rGAN (59), Wei?ht of faeces passed was used by 

LIDDEL, KI NG and BE~ (ex 17). Visual aopearance of 

the faeces was 0rifl:inally used by LOE':!E (ex 1 7) and 

GEIGER (ex 17) J then later by COLLIER, FIELL r.::R, and 

PARIS (17), by LOU (61) and by FAIRBAIRN (25 t o 3~ ) and 

others. Faecal consi s tency was used by means of the 

principle of "wire a dhesion 11 by Li\.TVEJ.\!, }!TJNCH and 

SLOANE (5~), working with rats. 

Apart fro m the various responses to pur~atives 

that can serve as biological criteri~ , mention must be 

made of variation due to animal species t hemselves. 

Thus l~NCH (65) commenting on t he purgative activity 

of aloes in several animals, st atednt ha t mice are un­

reliable, that fish are of no use, t hat r abbits are too 

sensitive, that cats are good, bu t variations in 

sensitivity occur, while do~s are more difficult to 

standardise than cats 11
• VIEHOEVER ( 65) has even used 

the water flea. R.L\~STAD (73) states that a biol0~ical 
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assay is more reliable than chemical evaluations,using 

t he mice faeces technioue of FU:It-!ER. He stat e:l that man 

is about 15 times mor e sensitive t han the ffio') USe to s enne. 

50 times more sensitive to rhubarb r oo t, 130 times to 

cascara sagrada and ~00 times to aloes. 

Fro m t h is it is seen that a. wide variety of animal s 

have been used in the b i oassay of ;)ur:::a ti ves. Ki ce are 

the animals 1N'hich have been most frequently used fo r 

bioassays, and with s0me success RS wellJwith c ertain of 

the purgatives. Belo"~Ar is some of the r,Jork whic!1 has 

been perfo r med using: mice . 

In 1925 KIEFFER (ex S~) used mice in a bioassay of 

aloes, and he came to the conclusion that the r e sinous 

fraction contributed c h iefly to t ~·1e ·pur9:a t i v e ef feet, 

with the aloin an d t h e al')e--emoo.in havin9: little effect. 

By 19 39 LOE':lE (ex l 7) had adapt ee. t h e 9 eris tal sis metbod 

of MhCHT (ex 17) to the mo use. STRhUB and GEBHhRDT 

(ex 61) in 1936 used white mice to determine the 

minimum effective dose of senna infusi-Jns; the potency 

was expressed as the number of such dose s per ml o f 

senna infusion. In 1940 GEIGER (ex 17) used mi ce 

when he compared t h e potency of t he test preparation 



with the standard ( a 51- infusion of senna leaf) by 

comparing the percentag:e of mice w:.1ich oroduced a 

positive response. In 1944 GROTE & WOODS (ex 61) 

modified this by usin~ powdered senna as their standard. 

HAZELTON et alia (ex 61)~942-1945)~:i0rking with mic e 

introduced the Threshold Cathartic Dose i.e. the dose 

producing catharsis in approximately 507: of the test 

animals. In 194S COLLIER, FIELLER f'.nd PARIS ( 17) used 

mice for their evaluation of senna e~trRcts, which they 

compared against a reference standa r d of Alexandrian 

senna in the form of an extract. Th e mice were olaced 

in ~as jars fitted with ~ire mesh ~ottoms , t~e faeces 

being allowed to fall through ont0 filter paper, and 

were later classified as formed faeces and unfor~ed 

faeces (shapeless, lar.g:e and capable of staining. the 

filter paper). They used the ratio of unf0rmed faeces 

to total faeces as the criterion of the individual 

animal response, and demonstrated t~l.:).t the log dose-:­

response line was reasonably linear. They also made 

the interesting discovery that while senna given orally 

was active, senna given intravenously had no effect at 

all, this being in conflict with t he t heory of STRAUi3 

and TRIENDL (ex 31) namely that the anthraqt:inone 
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glycoside is first absorbed in to t !:1c blo.')d stroflRm an.J. 

then later being secreted in the colon. 

In 1949 LOU (61) decided that the method 0f GEIG7 

as modified by COLLIER et alia was the most convenient 

especially as mice are so relatively easy to handle. 

He modified it further by introducing the followin~ 

improvements: he designed soecial ca~es of suitable 

dimensions fitted with detachable •·rire mesh bottoms to 

facilitate inspection of faeces. He added a definite 

proportion of water to the food (most 1rJOrkers had 

witheld water during testing even t~ough water plays an 

important part in purgation) and used counts of wet 

faeces only as the criteria of activity. Powdered 

senna fruit was used as the standard of purgative 

activity. The response was expressed as the number of 

wet faeces per Kg. of mouse. He showed that While the 

plot of dose against response was not linear, the plot 

of log dose against response was linear. This assay is 

still the bioassay which is most co~n'!lonly used today for 

some of the anthraquinone purgatives. 5~ITAIN, D1ARCY 

and GRIMSHAW (11) investigated the m9use assay method 

for investigating purgative activity. They used the 

purified se~DOP~de~ as a ~tanqard and maintained that 



it was a valid standard for the bioassay of senna 

preparations. They shotY'ed the assay to be suitable for 

the assay of senna, its extracts and its preparations 

but that it was not so well suited for cascara and 

r hubarb and that it did not demonstrate the pur~ative 

action of al0 in. ( D 1 ARCY, GRIMS2i\':.r and FAIRBAIRN ( 21) . ) 

AUTERHOFF and BALL (2) in 195~ used mice on vari0us 

aloe extracts and came to the conclus i ')n that the m0use 

gave a false impression of the activity when related to 

humans. In 1953 LISH & DUNGAN (59) used t he LOU (61) 

mouse assay to investigate the peristaltic stimulating 

and faecal hydratin? properties of dioctyl sodium 

sulfosuccinate, Danthron and various cascara extract s . 

However, t hey expressed their results a s an E.D.50· 

F.AIRBAIRl'~ has in recent years used the as say of LOU ( 61) 

with great success on his w0rk on senna, cascara, rhubarb 

and various pure anthracene derivF.ttive s (25 t') 3f1). 

In 1963 H6RHMJ1MER et alia (50) separated the 

aloinosides from aloes, and work ,.rith mice. indicated 

that these have the same activity as aloin. The rat 

has also been used in the b ioassay of nurgatives with 

some success. 



In 1931 MACHT & BARB~GOSE (ex 17) found that a 

meal dyed witl:l charcoal was pro q elleo. from the pyloric 

sphincter to the anal sphincter of the rat more raDidly 

than usual after the administration of a purqative and 

they used this response for the biolo~ical estimation 

of purgative activity. 

In 195El LISH & DUNGAN (59) used the method of 

MACHT & BARBb-GOSE (ex 17) to determine propulsive 

rates of a charcoal mix. In t heir investi~atiJns using 

dioctyl sodium sul fosuccinat e, Danthron and various 

cascara extracts, the charcoal mix vll'S administered 3-& 
hours after the drug via a stomach tube. The rats 'l.vere 

sacrificed forty five minutes later : control animals 

received t he vehicle alone. A self-contained four point 

assay was used and PeristiiT (methanol extract o f casca ra 

bark) was arbitrarily chosen as t he standard. The mean 

% of intestinal travel was then determined and this was 

found to e:i ve an approximately 1 ine.?.l" lo!2: dose/response 

relationship when th~ furthest charcoal travel lay 

between 65% and El5% • The caecl~ at the 99% level was 

found t0 act as a block t0 charc0al travel, 



GREEN, KING & BEAL (ex 17) 1963 and LIDDLE, KING 

and BE..I\L (ex 17) 1942 used the weight of faeces passed, 

by rats,in a given time as an index for purgative 

activity. 

LATVENJ SLOANE & MUNCH (58) developed a bi~assay 

for aloes, using rats as the test animal s. Thr~ughout 

t heir initial investig:ati0ns the:v ussO. a sin!?.'le sample 

0f aloes known t0 be effective in people. They first 

determined t he averag:e alimentary pe.I~ SEHle time. This 

was done by first det ermininf?: t he normal alimentary 

passa~e time (by admin i st erinP-.' a sol u ti0n of carmine to 

the rat by 0ral intubati~n), and. the time taken bet~reen 

dosage and its appearance in t he stools was taken as 

the "carmine passage time 11
• This was found to be 403 

minutes in rats . Aloes was t hen administered at the 

same time as the carmine and t his was found t~ have 

no significant effect ~n t he passage time. LATVEN 

then determined the time taken for laxative action by 

administering doses o f aloes rangin~ from 10 t0 400 mg/ 

Kg to a ~roup of rats . Fa®cal samol es v.rere then manually . . 
expelled at two h0ur intervals . !·hrmal samples were 

found to be relatively h::trd, o.r y and of a b lackish 
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colour. There was no change in a9pearance for seven 

hours after administering aloes. On the eighth hour, 

however , specimens were f ')und t') be ')f a brcn..r n to a 

tan colour, and on t he tenth hour the sample was also 

found to be soft, and at the higher dosa~e levels the 

samples were semi-liquid. The intensity of these 

effects were f ound to be maximal at ten t o twelve 

hours , dec rea sing slowly and nroP:res si vely at later 

periods, while normalcy return eo. 1vi t hin 24 h')urs a t the 

lower dosage levels but anly after 4~ to 72 hours at 

the higher dosarre levels. Unfortunately LATVEN et alia 

( 5£1) had no reference standard aO'ninst vJhi c h to express 

potencies, so they expressed t heir r esults as a r4edian 

Defaecatory dose, which of course is ')nly valid for the 

rats which he used. 

LISTER & PRIDE ( 60) used t his ~:edian Defaeca to ry 

dose method on barbaloin, al')in B. P. 1953, and a~orphous 

aloin, and fo und a reln tive potency f -:: r each ')f 100, S2 

and 27 respectively. This l atter fi~ure agrees with t he 

rane-e of 20.4% t0 32.2'j(fr'1m f our samples of amorph') US 

al ') in prepared directly fr'1m alo e juice)obtained by 

McCARTHY ( 65) . 
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FAIRBAIRN (30) has reported that he has had no 

success with the method of LATVEN et alia (5S) but 

that recent WJrk with a special strain ') f t he \'listar 

rat was proving encJuragin~. He als'J reports ()1) 

that in 1963, 32 0ut of 36 pure strain Wistar rats 

'1.\rere sensitive t0 barbal0in , but that of~ batcb. b'Jught 

from the same s0urce in 1964, only 5 out 0f 24 wera 

sensitive alth0u~h all were f0und ~o be react'Jrs when 

subjected to the dextran test ( 47 ). SCHMIDT in 1959 

(77) successfully used rats in a n investi~ati'Jn of the 

laxative effect of various synthetic laxatives. I n this 

work he included aloin, cascara sa~rada, l:S- Dioxy­

anthraquinone and senna glycosides. 

Reckitt and Sons LTD 0f Hull (74 ) are at present 

perf0rmin~ a bi0assay for aloes usin~ rats in which the 

number of wet faeces produced is used a s the criterion 

f or purgative activity. Aloin is used as t he standard. 

Besides the mouse and rat so me of t he other animals 

used f0r purgative assays are mentioned below. STRAUB & 

TRENDL (ex 61) used cats in 1937 to ~etermine the 

r0ute of abs0rption of senna extracts. GREEN, KI !'-!G & 

BEAL (ex 17) 1936 and LIDDLE, KING & 2EAL (ex 17) 



working with fZUinea .p i~a, f0uncl tba t the we ig:ht 0 f fE-.cc es 

passed in a given time was a reliable index ~ f their 

response t0 pur~atives. 

LOEWE (ex 61) used Rhesus m0nk.eys in h is assay 

method. 

From the above assays it is seen that mice are un-

sui table f0 r the assay of altJes, it was f0r this reas·IJ n 

that rats were employed as t he test animals in this "TJJOrk. 

The Accuracy of These Assays. 

Unfortunately many w0rlcers have n0t given a fig:ure 

for the de?ree of accuracy which t he;';" obtai ned. 

Bearing in mind that b is the slope of the dose/response 

line and s is the standard deviation, COLLIER ( 1 7) 

stated that hie standard deviation was usually ab0ut 
2 2 

20% with a ratio of b /s =16. His limits of err or 

w0uld have been 63% and 160%. Ho1-1ever with a ratio 0f 

b
2/s2 ,..., 30 h t % - _i s limi s ~f erl:'or w0uld have been 71 and 

141%. 

LOU (61) determined his standard deviati0n as bein~ 

15.714% and his limits of error (P;o. 99) was 100 ~ 40.5~ 



which was a higher accuracy t han that of COLLIER~ 

LATVEN et alia (53) unf0rtunately ~ave no indicAtl0~ 

of the accuracy 0f his assay. 

3.6 FACTORS EFFECTI NG THE BIOASSAY OF PURGATIVES. 

BRITTAIN, D1ARCY and GRTI.!SHA~,r (11) examined thf:) 

method of LOU t 0 improve its accura cy and precisiJn. 

They used senno side A as a re ference s~andard, and 

ma intained this was a valid basis for assay. They in­

vestigated s0me of the f oll 0wing points for mice. 

The Effect of Dose Volume. 

Different groups of mice \.Jere ~iven do ses in VJlumes of 

0 . 25, 0 . 5 and 1.0 rnl . In all t hree dose vo lume gr0upe 

t he r e sp0nses were l i near : hov1ever the "within dose error" 

for the 0. 5 rnl dose V')lurne ? r0up was least . 

Adjustment of Dosage for Bodyweig:ht . 

It was found that t here was n0 gain in precision by 

do sing on a bodywei!!.ht basis. 
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The Effect of the ~odyweight of the ¥.ice rm the Accura21_ 

Here they used gr0ups o f mice within narrow bodyweight 

ranges. It was f 0und that the accuracy impr0ved t o 

some extent by using heavier mice and t hat satisfacto~y 

results were ob tained where t he bodywei qht s lay bett,.Jeen 

27 and 31 ? · 

Th e Effect of Training Mice. 

Condition in? of the mice befo r e r out ine testing greatly 

i mproved t he precision and accuracy of the assa y. Th is 

condition ing involved subjecting t he mice at weekly 

intervals to the assay procedure in the testing 

labo ratory for the n<:> r rnal duration of the assay, fo r 2 

t o 5 weeks after which the mice were used f0r r0utine 

assays. As the conditioning progressed t he fiducial 

limit s narrowed and the index of precisi on became 

narrower. 

The Effect of Sex Variation. 

COLLIER (17) reported that with Tuck 1~ 1 white strain 

mice that he could detect no diff erence in respon se 
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between male and female mice. 

LOU (61) however reported that HAZELTON had d~ 

tected a sex difference, so he used only male mice. 

INVESTIGATIONS USING RATS. 

The Effect of Using Different Strains ~f Rats. 

LATVEN et al ia (58) perf~rmed assays using Charles River 

rats and Blaine and ~Vistar rats, the results that he 

ob tained indicated a difference of t h e ED50 between the 

different strains of rats, but the resp~nse within a 

single strain appeared t~ be reasonably uniform. 

LATVEN et alia (53) w0rking with Charles River rats 

discovered that the female rat. Tvas nearly tY-rice as re­

sistant t-:> al0 e as was the male. 

3. 7 filEDICINAL APPLICATION OF THE BIOJ~SSAY OF PURGATIVES 

The main application is in the standardisation of 

purf atives, an example 0f this bein~ t h e placing of 

Sennokot , a standardised senna preparation , 0n the 

market. 

Another very important application is the 
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determination of the active c~m stituer:ts 0f veg: e table 

purgatives, FAIRBAIRN in particular doin~ muc h work in 

this field (16). 

CH~~ISTRY OF ANTHRACENE PURGATIVES. 

The anthracene derivatives ~ccur either in free 

f0rm or in the form '}f ~lyco sides, usually with glucose,or 

occasionally rhamn)se as t he sugar. The followin~ 

aglyc0nes have been reported: 

1) Anthraquinone compo unds: e.~. em·)din , al'}e-em1din, 

r hein. These occur in cascara, aloes, r hubarb and 

senna, although '}nly in very small amounts in aloes 

and senna. 

2) Anthranol c0mp0unds : anthranol and its taut0meric 

is0mer, anthr0ne, are reduced forms ~ f anthraouin0ne . 

Hydroxy derivative : o f ant hran')l and anthr1ne, 

C·-:>rreevmding t0 th~se 0f anthrao_uin1ne 1ccur 

frequently e. g . a1oe-:-em0din anthran0l in al 1es. 

3) Oxanthrone c1mpounds, these beinq intermediate 

between anthraquin~nes and anthran01s. 

4) Dian thranol comp0und.s: STOLL sur:Q"est ed that the 
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a!Zlyc0nes :Jf senna mig:ht be d.ianthran01 0r dianthr1ne 

comp0unds which can be 0Xi1ised t0 rhein-like 

c0mpo unds 1 

For the purposes 0f his inve stiq~ti0n FAIRBAIRN 

divided these into the f0llowin~ three gr0ups.; 

a) Glyco sides. 

b) Free anthranol c0mp0 unds. 

c) Free anthraquinone c0mp~unds . 

Working: with senna, cascara ancl. rhubarb he then 

determined which of a, b or c contained the a ctive 

c onst ituents. This he did in the foll0Wing manner: 

i) He t0ok senna leaf and subjected it t0 varyin~ 

degrees of hydr0lysis and t hen c ompared t he purgative 

activity ~ f these fracti0ns with the unhydr0lised drug. 

He found that mild hydrolysis had little effect, but 

t hat vig0rous hydrolysis ~nd possibly 0xidati0n led t 0 

a marked 1 0ss 0f activity. He then to0k a a0luti0n 0 f 

pure Senn0side A and divided it into three p0rti0n a, 

one 0f which was used as t he standard, an0ther was 

hydrol1sed and the liberated a~lyc;ne extract ed and 

purified. The third portion was hydrol ised and 

oxidised. These three portiins were then dosed t0 mice 
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and the results sh)Wed that the acrlycone p'Jssessed 1/3 

of the activity 'Jf the glycoside and tb~t the oxidised 

a~lyc~ne p~ssessed n0 activity Rt ~11. These resul ts 

were confirmed using the senna pod. 

ii) In rhubarb there is present a l a rge prop'Jrtion of 

free a?lycones. FAIRBAIRN (26) extracted the free 

emodins with ether and acetone, and the dried. exhausted 

drug was then administered to mice, and the results 

ob tained sh·Jwed that there was no loss o f activity, 

indicat ing that the main activity lay in the ether­

insoluble ~lyco aides. The free a~lycones consisted 

al mo st entirely •) f anthraquinone C0m"9-;uno.s , which w0uld 

account for the entire absence ')f activity in this 

fraction. 

iii) Working With a p~tent extract of cascara which 

ala; cont a ins a large proportion of free R~lyc'J ne as well 

as the glycosides, again simil~r results a s we re 

obtained with r hubarb r esult eo .• 

This work indicat ed that t he main pur~ative activity 

of the anthracene derivatives is sh')'l.vn 1.vhen they are in 

the glyco side form, and tha t t he free anthranol f ·J rm 
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thaugh less active than the !!lycosides, is m0re active 

than the an thraq_uinr:>n e form. 

It was hence suggested that the suO'ar m0iety ac-:;a 

as a transporter and orotects t he orally active Rn- . 

thranol from 0xidation t'J the inactive anthraquin0ne. 

From the above it can be seen ti:la.t c~wmical assays 

wh ich are based on the determinat10 n af t he total 

content of anthracene derivatives-irrespective 0f their 

form-will n0t p:-ive a true inclicatio n 0f the purgative 

activity and will n0t give t he same results &S a bio­

assay. 

F.L\IRBl\.IRN and SALEH (3~ ) used t he assay of LOU in 

the detection of a third active g;ly c0side 0f senna. 

They discovered that alth'Ju!!h samples o f senna leaf 

c0ntained a smaller proport i 0n of senn'J sides t~1an the 

leaf , they had a ?reater bi0l0£J:ical rwtivity . On in­

vestir-a ti 'Jn t hey found that t he mucilaR:e had n:-1 

activity, n0r was there any syner~ism between senn0sides 

.L\ and B. They then discovered R n'Jn-rhein ~lyc0side 

(10-15% of t he t0tal g:-lyc0sides f1f the leaf), but only 

2-5% of the total in the pad. This glyc'Jside was 

shown to be as active as the sen~0sides and also when 



mixed with senn;sides A and B so that it represented 

14% 0f this mixture, this t hird ~lycoside exerted a 

marked synergistic effect, increasin~ the t0tal 

activity by about 1. 7 times, 

Furthermore they f')und t hat t he Q'lyc;sidal 

c ·;ntent 0nly acc0unted f ·'J r 60% to 70% ')f the act ivity 

o f the crude druQ' , ind ica tine: that t here is still 

s 0me 0t her factor resp0nsible f0 r the r emai ninf! 301 to 

40% nf the activity . 

Fr')m the preceding review it is seen that alt h0 ugh 

a c0nsiderable am0unt ~f w0rk has been perf;rmed 0n 

several of the anthr aquin')ne c0ntaining pure:atives 

(in particular senna) it is seen that t he C')nstituents 

of al0es hav e n'"lt been separ a t ed ana. their individ'J.al 

pure:ative activities determined by the meth0d 0f 

LATVEN. 

I n consequence in this W')rk several principles 0f 

aloes hav e been separated, includinQ' principl es as yet 

n0t used t o asc ertain pure:ative activity, and these 

findin~s appear in Chapter 4. 
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3. 3 THE PHARMACOLOGY OF ANTHRACENE PURGATIVES. 

The site o f acti 0n 0f the anthracene pur~at ivea 

is the large intestine. STRAUB AND TRIENDL (ex 31), 

and OKADA (ex 31) showed that wh en t he free a~lyc0ne 

was applied directly t o t he lar~e intestine , marked 

peristalsis was produced, but t hat the ?lyc-:Js ide s bad_ 

no effect until they v.rere hydrol is ed. GEB:tl~RDT , STRAUB 

and TRIENDL (ex 31) and OKADA (ex )1) c0ncluded that t he 

of Esc ~.Lerichia coli. OKADA dem0nstrat ed that hydro l ysi s 

was effected by the c ~ ntents of t he lar ?e intestine b ut 

not t h~ se o f the small inte st ine. The hydrolvtic 

ability \.oJas dest r 'Jyed by heat inn: t he c1ntents 0f t he 
0 

lar!Z e intest ine at 60 C, indicat in!T that t he micro.:.. 

orQ'anisms (esp ecially E. col i) are reso~nsibl e f~r the 

hydrolytic e ffect . FAIRBAIRN (31) dem~nstrate0 the 

necessity of the presence of live E. c0l i for the 

activity ~f t he ant hracene glycosides by sterili sin~ t he 

gut 0f white mic e with succinyl sulpha t hi a zole before 

administering senna, after whic '1. t here 1<Tas a considerable 

decrease in t he activity of t he senna. 



SCHMIDT (76), h0wever, c~ncluded that the ~lyc~side 

passed directly from the small intestine int~ the lRr~e 

intestine. This supnorts t he fact that COLLI ER et al:a 

(17) found that the intravenous injectiJn ~f senna had 

no purgative effect. FAIRBAIRN (31) confirmed this 

using partially purified ~lycoside s of senna and pure 

sen no sides. 

The importance of the ~lycoside is its ability to 

withstand the detoxication mechanisms 0f the body. 

FAIRBAIRN ( 31) sug:p.:ests that t his pro tective functi0n of 

the sugar may be p erformed in two r.1ays : 

1) Increased solubility in w2 ter prevents t he drug 

from passin~ into the bloodstream and being de-·· 

toxified by the 1i ver. 

2 ) The SUfJ:ar may prevent enzymes from atta ckinr;J: the 

a~lycone. 

Orhdnally it was th~uP.."ht t hat t he h;rdrolysi s pr0o.uced 

hydroxyant hraquinnnes and tba t the auin~ne form lolas t h e 

active sub stance. Hol.rJever FAIRBAIRN et alia ( 26) 

demonstrated that the anthr~ne s are mnre active than t he 

quinones and ant hrone P:l;vcosides. SC!iif:ID ( 76) shm-ved 
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that the an thrones were many times more active than the 

corresponding anthraquinr:>nes when applied directly to 

the large intestines. He also showed that E. coli 

reduces anthraquin~nes to anthrones. 

3. 9 THE CHEMIC.l\L STRUCTURE 1\ND PRflR'"ACOLOeiiCi\1 1\CTIV:TY 

OF PURGATIVES. 

Since all the ve~etable purgative s c~nt~in 

anthracene deriva tives, it is n ~?- tural t1 as s um e t h A.t 

these are the active principles . At tempts have been 

mad e t o associate the ~ctivity o f t hese t o p h enol­

phthalein, another powerful purga tive . 

KAUFMAN (ex 25) i n his attempts t 0 c J rrelate t h e 

chemical structure and pharmacolo~ical activity ;f 

these phenolic substances stated "tha t t he laxativ e 

group in a number 0f aromatic co~pounds was a substit~ted 

4, 4 1 dihydroxydiphenyl methylene '"':r·~up 11 • 

HUBl\CHER, DOERNEBERG and HORNER (ex 25) prepared 

36 C:)mpounds, mostly ¢;haleins Hnd Rn t!lraquin~ nes, and 

tested their laxative potencies 0n Rhesus m')nkeys. They 

showed that none of the previ ous ~en eralizations, 
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including th0se 0f KAUFMAN, satisfactorily explained 

the results obtained. They themselves were unable to 

come t o any reliable ~eneralization, except that all 

compounds showing laxative activity possessed at least 

two phenolic hydroxyl ~r~ups and at l east three rin$s +n 

their molecules. VIEHOEVER (ex 16) in 19?5, fr~m data 

based ~n the re s earch ~f earlier workers 1/lh~ studied. 

the effect of various 0xyanthraquin0nes - in ca ts, 

stated th~t 1:2:6 and 1:2:7 trioxy derivatives were 

very active in doses 0f 300 and 500 mg respectively , 

but the 1:2:3 derivatives r equired 1,000 mg to achieve 

the same effect. No catharsis resulted fr;m cbses 0f 

500 .:.... 1, 000 mg of 1:2, l :4, penta - and hexaoxy de-

ri va ti ves, al th')ugh 1:2:3: 4-tetraoxyF.ln t hraquin0 ne 

(Alizarin Br:>rdeaux) showed activity at 1,000 mg but 

none at 500 mg . Emodin (l:6: i1 :-trioxy-3-methyl anthra­

quinone gave only a sli£rht action at 500 mg: d')SaP.: e. 

FAIRBAIRN (25) used White mice t o es timate the 

purgative activity of aloe-em0din, chry sophanol-em0 din, 

and Jf the fungal anthraquinones catenarin and 

helminth0sporin, an d he n~ted t hat : 



a) t h':> Se with 0nehydr ':> xy Q.'r')up were inactiv~o 

b) t hose with tl'ITO hydr ':>XY 2r0ups wereactive. 

c) th':>se with three hydr oxy g r 0ups were active 

pr 0vided that all three were not <(X g r 0upe (viz 

catenarin and hel minth0 epo rin.) 

FERGUSON (ex 25) made the interesting 'Jbservati;n t hat 

t ho se anthraquinone c 0mp0unds having t 1:vo -OH gr':>up s i n 

the l:S p osit i ':>n and none in t he . 2:3:6 0r 7 oositions 

produced "senna type n st0':>le 1. e. watery in mice, whereas 

th0 se with hydr0xy gr oups i n posit~ons 2:3:6 or 7 

pr0duced 11 al0e type" st')'J ls ( soft ). It should be 

nc>ted, h':lwever, that al ':> in 1s a l:S-diltyclr0xy c0m-o':Jund. 

He also c 0nfirmed that mice were extremely r esistant to 

aloin. 

The irnp0 rtanc e of t h e pheno l ic gr0ups is s hown by 

the fact tha t r em:)Val ':lf CJne 0r al l phen·':>li c .o:r 0upinqs 

f rom kno1vn cathartics results in r educed ':lr n') cathartic 

activity. 



C H A P T E R 4. 

BIOASS.L\Y METHOD. 

For the bioassays the method_ of 1.1\.TVE!(, SLOJ\.~TE and 

MUNCH was used (5~) . 

4 .1. TEST ilNDLI\LS , 

Albino , inbred male rats acquired from the S,!1, I. I-:. R. 

were used as test animals. The wei~hts of t hese were in 

the range of 1~5 g to 240 12:. 

4 .1.1. HOUSING OF ANI 1~ALS , 

The rats were individually housed i n ~~r ire CflO'es 

9" x 11" x 9" high, fitt ed with a slidin~ metal tr~y to 

facilitate cleaning-, F.ach cac:re WRS fitted VITith side-:­

glasses 311 high to minimise any possible drc:tfts. On 

eac h caP'e, positioned so that the rats could not deetroy 

it, was a card with the number and_ ~·leii'J'ht of every rat . 

On this was entered the date, dosac:re, d ruo- and t he res­

ponse obtained from every ex9eriment. 

Eac h cao:e was fitted with a olastic food boV~rl of 

standard dimensions. \'l:nter 1...ras provided b y means of 

water bottles to prevent the rats from foulinO' their 



water as they w~uld in an open dish. These were 4 0z 

medicine flats fitted with a c0rk, t~ou~h which passed 

a glass tube of i inch diameter. To prevent airl0cks 

forming in the tub e, plastic c0ated Nire was passed 

dr:>wn the centre of the glass tube . The b'Jttles were 

inverted and pl aced in metal c ontainers w:11 ch were 

Wired to the tops o f the ca~es, the glass tubin~ 

passinr;r thr')ugh a h'Jle in t he br:>ttom of the c 1ntainer 

and endin? 6 11 ab ove the floor of t he cacre . The rHts 

obtained water by standin~ on their hind legs and 

sucking on the g l ass tube. !•1etal c0r.tainer15 v.rere used 

when it was found that the rats ~nawed the corks of the 

water br:>ttles if these were placed directly on t he tops 

of the ca!?'e s . 

Bedding. 

Sawdust, which had been sterilised by heatin~ for 
0 

three hours at 150 C t ' prevent t l1e dano-er 0f any in-

fection frr:> m wild rats , 1-1as used as be·i:Unr: , this be~nP.' 

replaced every three tr:> f our days t•ri th fresh beddin'l'. 

For food, chinchilla pellets (Epol) were supplied 
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once a day (20 ~. per rat). These n r0vea t~ be an 

excellent f~od f0r the rats. 

4 .1. 2. THE ANIMAL ROm:. 

This was a ro0m 0f 24 1 x 15 1 x 15 1 hi~h, fitted 

with wind0ws 11 1 above the fl00r. The ca~es were 

placed 2~ 1 ab0ve the fl00r. This ro0m was situateri 

next to the experimental lab~ratory. 

Temperature. 

The animal room was maintained at a temperature of 

18° 24°C (65° ~ 75°F) by means of a hot-air heater 

which circulated the air t h r ough0ut the r 00m . 

Light • 

Normal daylight was supplemented with ne0n li~hts . 

Humidity. 

Good ventilation was maintaine~ bv means of the 

Windows and fan, this being:- essential as dry air can 

cause ringtail, while excessive dampness sh~rtens the 

life of a dult rats. 



4 .1. 3. HANDLING OF THE Rl\TS. 

Entrance tr:> the animal room w.:ts restricted t J t h0se 

handlin~ and caring for the animals. Sudden and lr:>~d 

noises were avoided at all times, but especially while 

handling the rats, which are easily startled. They were 

picked up by placing r:>ne han1 acr0ss the back an~ cl0slng 

the fingers lightly but firmly under the chin an~ b0ay( 

Gloves were never worn, thus preventinp- clumsiness 

during: handling. 

4.1. 4. TRAINING- OF THE RATS. 

BRITTAIN, D1 JI.RCY ant1. GRIMSHJI.~;J ( ll) shr:>wec1. that the 

trainin~ of the mice in the mr:>use a ssRy r:>f LOU (61) 

increased the accuracy ~f the assay. C0nsequently f0r 

three weeks bef0re being used in assays the rHts were 

allowed t0 settle i n their cages and 1-.rere frequently 

handled t0 accustom them t0 the p-rocecl.ure emplr:>yen .• 

Initially they were dosed with plain water, they 

were later d0sed with a col')ured solution of tartrazine 

to ensure the full d0se was being delivered intr:> the 

stomach. If it was n')t, the fact wr:>uld immec'l.i::Jtely be 

obvious by the yellow colouration <:tr')t.md t he mr:>uth. 



4. 1.5. ~OSING OF THE RATS: 

Due to the bitter taste of aloes and many J f its 

constituents the only way the dru~ c~n be administered 

orall y is by means of a st~mach tube . The apparatus 

used for d0sing consisted 0f a !Zrac'l.uated 2 ml syring:e 

fitted with a l a rge qauge hyp0oer mi c needle. T0 this 

needle was attached a rubber cathe t er 5 11 l ·')ng ( li BRESC0 11 

3. E. G.) which pass ed thr0u<J,:h a thin !!.lass tube, 

support ed f0r most of its length by a thicker o0lythene 

tub e (Total 1 en~th 7~ 11
) 

The s yringe was filled with t he required a_o se . 'Ihe 

catheter was then d ipped in gl~r cerine t') ~ct as a 

lubricant and withdrawn int0 it s protective glass tubing. 

The rat was held by an assistant who imrobilised its 

feet . The thin glass tube wa s plac ed in the rat's 

mouth and held in place by the index finger and t humb 

of the l eft hand. The syrinf e was then pushed down into 

the protective tubing , thu s passin-: t he cat heter thr0ugh 

the oesophagus an d int0 t he stomach. The plun~er was 

then depressed to a dm i nister the dose and t h e cath eter 

was then withdrawn int0 its p rotectiv e sh ea thing to 

prevent it being bitten by t he rat u·con rem0val from 



the rat 1 s ID')U th. 

4.1. 6. EXPULSION OF FAECES. 

The rectum of the rat invariably C')ntains 0ne 0r 

more faecal pellets, wh ich can be manually expelled or 

extruded for examination, this being: done in the 

following manner. The rat was held in t he left han~ with 

the fing:oers aero ss the back and the thumb on its chest: 

with the forefinger and thumb of the right hand, the skin 

over the rectum was c~mpressei as far forward as p0ssible 

and the c1ntained. faecal mass 111as t hen fr,rcert r,ut. 

Normal faeces are dark br0wn t0 bl ack in c0l0ur an0_ very 

hard. and dry. After receiving an effective dose of 

aloes the faeces became li!'lht brown 0r t an c010ured, 

soft and moist. 

4.1.7. OBSERVATIONAL CRITERION, 

The criterion used was t he same as t bat used by 

LATVEN et alia ( 5g) namely that of 11wire adhesion 11
• 

The faecal sample was expelled manually fr0m the r at and 

was allowed to fall up~n a clean, oil-free gl ass plate. 

Within five minutes a 17G hypodermic neeilo was in~ 



serted vertically d~wnward into the pellet . The wire 

was then lifted. Specimens ~f normal c~nsistency ad~ 

hered t~ the wire and were liftecl. Qff the Q'lass plate: 

however 11 soft stools 11 adhered t~ the glass by virtue 

of the Q'reater quantity ~f surface mucous, as well as 

the ~reater contact area of adhesion. 

In this way a positive ar negative response was 

obtained. A slight modification was useJ to 0btain a 

75% resp~nse, in that if a pellet just failea the test 

the same pellet was resubmitted to the test and. if it 

adhered to the glass plate the second time 1 t was taken 

as 75% pQsitive. 

4.l.S. BIOASSAY METHOD. 

The rats to be used in the assay ~.;ere starve<'l. over-­

night. A suspensi0n of the dru'!. was prep::~.red by tri­

turating the drug, in a small ~lass mortar, With 

sufficient acacia to give 2% of the final suspension. 

Water was then added and the suspensi~n transferred to a 

10 ml measure. The mortar t'Y'"as WB.shed and the washings 

were added to the measure which w~s finqlly made up to 

volume. LATVEN et alia (5S) used a dispersinQ' agent 



but as surfactants have been shown to effect the per­

meability of membranes aud hence the rEJ.te of absorption 

no dispersing, agent was used here . Evenly spaced 

dosage levels encompassing the entire dose-response 

curve were used, with four rats at ee.ch level . Faeces 

were fi r st examined for no r mality before the r ats were 

do sed. 

The rats vvere dosed with a stomach tube and 

immediately fed , water being supplied ad lib . After ten 

to twelve hours, faecal sa'Tlples were taken and the 11 wire 

adhesion 11 test appl i .:xi. Twenty to thirty minutes later 

a second faecal sample was taken and similarly examined : 

the maximum effec~ demonstrated by either of the samoles 

was taken as the characteristic response . Simul taneousty 

the same procedure was performed With t!1e standard aloin . 

After being used in a bioassay the rats were rested 

for at least a week before beinP' used aQ'ain . 

~ . l. 9. T ~IE REFERENCE STANDARD. 

It was decided to use al oin as a reference standard 

in the biolof!.ical assays, since the work of .fi...UTERHOFF & 

B..oLL (2) with humans indicates that this is the active 
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principle. In addition Reckitt laboratories are 

using aloin as a reference standar-j in their biolog:ical 

assay of aloes. In order for a reference standard to 

be a valid standard f 0r biolo~ical a s says the slope of 

the plot of lo~ dose/% response mu s t b e parallel with 

that of the unknown. This v.ras s hown to b e the case in 

section ~.4 
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4.2 PREPARATION OF STANDARDS~ 

4.2~1 PREPARATION OF ALOIN, 

Method of HARDERS 1940 ( 46) . 

10 ~ of Cape aloes was dissolved in 50 ml. of water 

with heating. To this s0luti0n 0. 4 ml 0 f 25% HCl and 

4 g of calcium chl0ride was then added. After twenty 

four hours the clear supernatant liquid was decanted. 

To this was added 10 ml of 20% ammonia s01ution 

and the e 0luti0n was well stirred. After ten minutes 

the p recipi tate was filtered ')ff \·rith a Buchner funnel 

and then placeo. in a beaker. H:rdr0chl '1ric acid w:::~.s 

then adied until all ha:1. !.!.0ne int·> s01ut i0n. Th e 

Sli!.!.htly turbid s01 uti '1n 1...re.s then st'1rer'l uno.er ether in 

a oool place until all the al0in had crystallizen 0ut . 

This t00k approximately 24 h'1urs , The crystals were 

then filtered off on a sintered ~lass filter and dried 

in a vacuum dessicat0r. These were thEn recrystalli zed 

twice fr0m methanol and d.ried as before. L0nfr, pale 

yellow needle-'-like crystals were ·lbtained 1'\Thich gave a 
0 0 

melting point 0f 147 C ~ 143 C. Wh en assayed by the 
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thin layer chromatographic method they assayed as 99.9% 

pure. 

4.2.2. THE EXTRACTION OF HOMONATALOIN. 

In 1917 LEGER (52) isolated homonataloin from Natal 

aloes. HAYNES, HENDERSON and TYLER (~9) in 1960 el~ 

ucidated its structure and sho~red it to be 10:.])..... 

glucopyranosyl 2~g-d1hydroxy-lmethoxy-6-methylanthrone,a 

0-~lycoside. McCARTHY (66) showed that homonataloin is 

present in a lar~e number of species of aloe, numbering­

over twenty to date. One of the specimens in which it 

is most abundant is A. sneciosa, which ~rows in a g-rove 

some sixteen miles from Grahamstown, at Hellspoort, and 

thus it was decided to use this as a source for homo~ 

nataloin. The method of HAYNES et alia (~S) for the 

isolation of bomonataloin from Natal aloes was employed. 

A larg-e number of the leaves were cut, long-itudinal 

slashes were made on their surface and they were 

allowed to drain for fifteen minutes in a !?.'lass tank. 

This was then repeated with fresh batches of leaves and 

the sap was then allowed to stand overni~ht. The 

follo1.;ingo morning- the yellow solid '\vhich had. precipitated 
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from the sap was filtered off and suc~ed dry on a 

Buchner funnel. A yield of 41 ~ was obtained. 

This was then shaken with go ml of acetone for lg 

hours. The acetone-soluble fraction was then filtered 

off. The acetone-insoluble fraction v:as then refluxeo. 

with 200 ml of 2:3 aqueous ethanol for thirty minutes 

and the resulting solution filtered. This filtrate was 

set aside overnight to crystallize. Pale yellow c~ystals 

were deposited, and on filterin~ off, a yield of g.7 ~ 

was obtained. The crystalline homonataloin chromato­

graphed pure, but was recrystallized once from methanol. 

Ultfaviolet spectrum in methanol showed the 

followin? maxima; 347, 294, 273 (inflection) and 220 nm . 

4. 2. 3. THE EXTRACTION OF .1\LOE-Er,!ODIN . 

.l\ very old samole of Coe~a aloe juice (6 years) 

previously containing both aloin anCl. alo insides, was 

chromatographed and it l~ras noticed t hat there ltJas no 

aloin or aloinosides present, but t hat they had all 

been converted to aloe-emodin ~ri th a resul tinqo hip-h 

concentre.tion of this. Thus it , . .ras dec ideo. to use this 
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sample for the extraction of aloe-emodin. 75 Q' of the 

aloe juice was refluxed over a 1v-at erbath for thirty 

minutes With 100 ml of ethyl ac etate , This wa s then 

filtered off and the residue '-Jas refluxed With a 

further 100 ml of ethyl acetate for a further thirty 

minutes. This was filtered off and the two orange 

coloured filtrates were combined , washed well 1~ri th 

water and evaporated under reduced oressure until the 

solid just commenced to precipitate. Then acetone was 

added to redissolve and the solution ~·ras soread on a 

lar~e glass plate and the solvent allowed to evaporate 

off, leavinfZ' an oranQ'e coloured solid on the plate 

(yield 5.5 fZ' .). The latter step was ~one to prevent loss 

by sublimation under reduced pressure. 

The alo~emodin was then crystallized out of methanol. 

The ultraviolet spectrum of aloe-emodin ~ave peaks 

at 225, 254, 2~7 and 430 nm. 

When chromatogra~hed, only aloe-emodin was present. 

The fact that it was aloe-emodin was confirmed by its Rf 

value and by spraying the plate: 

i) With ammonia, upon which a bright red colour was 

produced. 
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ii) With magnesium acetate reagent followed by heating 
0 

at 105 C for ten minutes, upon which a bri~ht red 

colour was also produced. 

4.2.4. THE EXTRACTION OF ALOESIN. 

Aloesin is the name given to a ne1,; C.:..czlycosyl chromone 

from aloes, the structure of which has been recemtly 

elucidated by HAYNES and co-workers (to be published) . 

Aloesin has been shown to be p resent in several species 

of South African aloes. 

Normally the extraction of aloesin would be com-

plicated by the presence of aloin due to their similar 

solubilities in the various solvents. However aloin is 

not as stable as aloesin, and the aloin in aloe juice on 

standing breaks down to aloe-emodin. Thus the sample of 

Co ega aloe juice in which all the aloin and alo insides 

had broken down was used. The aloe-emodin present w~s 

first extracted with ethyl acetate, and the residue was 

then refluxed with acidified water (dil HCl to pH 3) on 

a water bath. The insoluble resins wh.ich precipit?-ted 

r'ere then centrifur:z eo. off after standing overnight. The 



aqueous supernatant was then filtered and evaporated to 

dryness under reduced pressure, yielding a pale yellow 

solid. 

A methanolic solution of this wh en spotted on 

filter paper and allowed to dry gave the followin~ re­

actions when treated with the following reagents. 

Table 15. 

Reagent Daylight. Ultraviolet light 

KOH 5% alcoholic yellOW bright blue 

Ammonia vapour yellow bright blue. 

Fast Blue B orange orange red. 

The reactions obtained were the same as those ob­

served by McCARTHY (66) when working with a sample of 

aloesin provided by HAYNES. 

The ultraviolet spectrum 'l:ias the same as that of the 

sample from HAYNES, t his being a broad clearly-defined 

peak at 296 nm, with a valley risin~ sharply to give two 

small, sharp peaks at 252 and 244 nm. 

On chromato~raphing the sa~ple using chloroform: 
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ethanol (3:1 v/v) the aloesin was evident at its normal 

Rf While at the base \>las seen a small fluorescent white 

spot which is normally never seen in aloes as it is 

masked by a brown spot . Above t he aloesin l~r ere seen 

traces of the liP.:ht blue resin soo~ 'I.'IThich normally occurs 

just above the aloin spot in aloes. 

On spraying: the plate with Fast Blue 3 the aloesin 

spot turned oranP.:e while the small fluorescent white spot 

at the base turned a pale purple. 3oth of these are 

resin reactions. 

~. 2. 5. THE PREPARATION OF RESI N. 

Resin was prepared from commercial samples of Cape 

aloes by preparing: an aq_ueous solution of this and then 

precipitatin~ the resins by acidification. The ~ummy 

residue that precipitated was then washecl several times 

with hot water to remove as much aloin as possible, and t~1e 

residue was finally spread on a g:lass plate and sun~dried. 

When assayed for aloin t his 1=rave 5% b y the thin layer 

c hromatoP.:'raphy method, sbowin"' the protective effect of 

resin on the aloin. 



Resin was also prepared from that which was pre­

cipitated in the extraction of aloesin. This was 

washed with water, sun-dried and powdered . This was 

then extracted with successive portion~ of methanol until 

the methanol no lon~er became coloured. The methanolic 

solution was then filtered off and evauorated to dryness 

under reduced pressure to yield a dark brown solid. When 

this was chromatographed in chloroform:ethanol (3 :1 v/v) 

traces of aloe-emodin were observed, a dark brown suet 

immediately below the alo~emodin, faint traces of aloesin 

and a faint trace of aloin. 

4.3. DETERMINATION OF THE SENSITIVITY OF THE RATS . 

Due to the variation in response by different strains 

of rats to purgatives (5S),no idea was had of what dosa~e 

levels would be effective. The rats were first dosed with 

a sample of aloes at the same dosa~e levels as used by 

LATVEN, SLOANE and MUNCH ( 5S). Table 16. 
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Table 16. 

Do s e o f al o e s . Po si ti ve Ne&~:ative % Response 

4 rats lOmg/Kg rat 2 2 50 

4 rats 15mg/KI2' rat - 4 O% 

4 rats 20m?/Kg rat - 4 0% 

4 rats 30mg/K~t rat - 4 0% 
j 

\Vi th the exception of the first dose level all 

results obtained were negative. The positive doses ob­

tained from the two rats lft.ras presumA.bly due to other 

causes as both of t hem were later dosed at a far hi~her 

dosage level, where t h ey bo t h yielded negative responses 

Simultaneously another group of r!:1.ts were dosed with 

amorphous aloin ( containin P.: 30% crystal line aloin), 

according: to the dose levels as u se~ by LISTER and PRIDE 

(60) Table 17 tabulates the results. 
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Table 17. 

Dose amornhous aloin Positive Neg:at ive %Response 
( 30% aloin) 

4 rats 25mp:/KG - 4 OJ{ 

4 rats 35m~Z/k!Z - 4 011}. 

4 rats 50mg:/KEZ - 4 O% 

4 rats 70mg:/Kg - 4 Cf% 

The negative results obtained in t he above two experiments 

demonstrated that the r ats beinq used were less sensitive 

than those used by the authors men tioned. 

By increasing- the dose levels positive responses 

were obtained in t he region of 200- 300 mg aloe/200g: rat. 

Table lEl tabulates the results obtained. 

Table l El. 

Dose of aloes Posi tive Neg:ative %Resoonse 

4 r ats 300mg:/20Qg: rat 4 - 1001{ 

4 r ats 150mg/200g rat 1 3 25% 

4 rats 75mP.:/200~ rat - 4 O% 
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It is seen from this that 100% resoonse is ob­

tained at the upper dose level, wlule 100% negat ive 

resoonse is obtained at the lower dose level indicating 

that the rats were giving a uniform response, 

4,3 ,1. DETERMIN~TION OF THE DOSAGE LEVEL OF ALOES. 

Because of the varyinqo effect of the di ff el"'en t 

samples of aloes on the rats in the bioa F> say, it was 

found that it was necessary to determine in which range 

the E.D,50 lay befo r e a quantitative assay could be 

performed (see section 4.3.2). To do this four rats 

were taken the day before the assay was clue to be 

performed and each was do sed at a different dosag:e 

level, these being normally 300, 250, 230 and 200 m~/ 

200 g rat, From t he response obtained the do sage levels 

for the quantitative assay could be determined. In this 

assay the different dose level s differed by 15 mg . 

4. 3, 2, DETERMIN~TION OF THE E. D.I)O OF ALOIN. 

The E.D, 50 of aloin is that dose of aloin w~ich 

Will produce a positive response in 501 of the rats 

used. As mentioned earlier, the dose levels required 



for aloin and aloe were found to be considerRbly hiqher 

with the rats being used than those used by LISTER and 

PRIDE ( 60), LnTVEN1 SLOANE and 111UNCH ( 5~) and by Recki tt 

Laboratories (74). 

From a series of experiments usinQ.' sin~~Le rats a·c 

various do sage 1 evel s it was found that the E. D. 50 v.rc.i. s 

in the region of l?Om~?/200!2' rat. An assay uas then per­

formed usin!2' groups of four rats at four different dosage 

levels, viz 200m~, 1S5ml2', 170m~ and 150mq, to obtain a 

plot of log: dose ag-ainst response. The fOllJWin!2' day t P 

the assay was again repeated usin~ another sixteen rats 

at the same dosaqe levels as before. 

From Table 19 it is seen that the responses obtained 

were very consistent and that the slope of the plot of 

the lo!2' dose a~ainst percentage r e sponse was the same in 

both assays (graph 1) 

Table 19. 

Aloin dose levels Positive Nega tive %'Response. 

----:--

200ml2'/200g r -3. t 4 - 10~ 

1 S5mr-:/200Q.' rat ' 1 7r:)% 

170rng-/200g rat 2 2 50% 

150ml2'/200q rat 2 2 5'Y/ 
" 
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Table 19. 

1~1 o in do s e 1 e vel s. Po si ti ve Negative %Response 

----
200mg/200g rat 3~ tt _g4% 

135mg/200~ rat 3 1 75% 

170mg/200g rat 2 2 50% 
150mg/200g r at 1 3 251. 

From the plot of lo~ dose a~ainst % r esoonse it is 

seen that the E.R 50 of aloin for t he r a t s b eing used 

is 177 mg/200f! rat. 

L!.4. DETERMINATION OF vJHETHER THE SLOPE OBTAINED WITH 

THE LOG/DOSE RESPONSE PLOT IS THE S.LU·1E FOR ALOES 

.1\ND FOR .1\LOI N, 

In order for aloin to be a valid standa rd 1 for aloes 

as defined for biolo~ical assays 1 the sl ope of t he l og 

dose/response plot must be parallel to t hat of aloes. 

To ascertain whether this w~s the ca s e, a sample of 

Cape aloes w~s used in a bioassay and the resoonse ob­

tained is tabulated in the next Table. 
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Table 20. 

Al0 e s do s e 1 ev el s . Positive Negative %Response. 

235mg/200g rat ""-5 1 7S% 

270mg/200r rat 2 2 50~ 

255mfr/200g rat 1 ) 25?( 

240mo:/200g rat 2 2 50f. 

Aloin dose levels . P0 sit i ve Negative 7{ Response. 

200mg-/200g rat 4 - 100% 

135m.rz/200g rat 3 1 75% 

170mg/200g r at 2 2 50% 

155mg/200g rat 1 3 25% 

On comparing the plot of log dose/%response 0f t his 

sample with that of Aloin B.P!C. it is seen that the two 

slopes are parallel (~ranh 1) . In subseouent bioassays 

it was f ;und that the sl0pes for al0in and aloes in all 

t he as~vs perf0rmecl were, for all oractical nurnoses , 

p?.rall el ( n:raph 2) . 
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4. 5 DETERl\1INATION OF ~·JHETHER THE PURG1\TIVE 1\CTIVITY 

OF ALOES IN RATS IS DEPENDENT UPON THE ALOIN 

CONTENT. 

LISTER and PRIDE (60) usina t he bioass:~.y methr:>d 0 f 

LATVEN et ali a ( 5~), an d. working t-.r it h crystalline al0 in, 

Aloin B.P. and A.morphous c:tl0in demonstrated th8.t their 

activity decre~sed in 0rder of their descendin~ aloin 

c0ntent. Hor~rever t hey did not ,~,ork 0n qloes . If the 

other constituents have no pur!ZRtive Pctivity then an 

eouivalent dose of aloe and aloin s ho uld. ~ive the s~e 

response. To det ermine 111hether t his \fiTA.S true for aloes 

the following experiments Nere p erformecl. Three groups 

of rats, c onsisting r:>f four r llts t0 a g:r0up, l~rere d.osed 

with aloes (containin~ 11% aloin ) a t a dr:>Sa9:e level of 

300m P.', 150m!Z and 75mP-:/200g rat respectively. 1\t t he 

same time three qroups of rats, four r~ts to a qroup, 

were dosed with equivalent doses of aloin, viz 30 mg, 

l5mg, and 7.5mg/200g rat. The responses obtained are 

tabulated in Table 21. 
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Table 21. 

Do s e o f .1\1 o e s Po sitive Negative %Response 
11% Aloin. 

Sample .1\ 

300rng/200@: rat 4 - 1007, 

150mg: /200&r rat l 3 25% 

75mg:/200g rat - 4 CJ!) 

Dose of Aloin Positiv e Necrative %'Response 

30mg:/200g rat - 4 O% 
15mg/200g- rat - 4 0%' 

7. 5mg/200g rat - 4 OJ( 

From this it is seen that aloin alonecRnnot be respon-

sible for the activity of aloe in the rat. 

In the second series of assays the r at s ~ere dosed 

with amorphous aloin (sample B containing )OJ{ crystalline 

aloin) and a sample of aloes (sample C containing 20%' of 

aloin), bo th of which possessed a cproximately double the 

quantity of aloin which sampl e .i'l. contained (i. e.ll%)to see 

if the product of percentaQ'e aloin time s dose 1..ra s con-

stant. If the aloin is the only constituent responsible for 
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purgative action, then the dose of lOOmg of samples & : 
lbC ··~ 

and~C should give the same response as 300mg of sa~ple 

A. The response obtained is tabul.qted in Table 22. 

Table 22. 

- ;-

Dose of aloes Positive Neqp_t i v e f,Resp0ns e 
sarnpl e c 

200rn~/200g rat - 4 O% 

150rng/200c;r. rat - 4 O% 

100mg/200g rat - 4 05( 

Dose of aloin Positive Negative %ResponsE 
sample B. 

200rn~/200g rat - 4 O% 

150mg/200fr ra t - 4 CF/ 

1 00rrw:/200f?: rat ,_ 4 0;;{ 

From this it is seen that the product of percentage 

aloin times dose is not c0nstant i.e. samples of aloes 

containing equivalent ouantities of aloin do n0t "'lv e 

equivalent responses in the rat ( i. e. 300 mg of samole 

A should have !:!.iven the same res-;}onse as 150 ffiP." ')f 

samples B and c. ) . 

md 



A s ~ries of b i oassays were performed on a number 

of aloe samples of known aloin c ontent to determine 

what relationship existed between purgat ive activity and 

aloin content. The results obtained are tabulated in 

Table 23. 
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Table 23. 

Dose of a10in Positive J:--!eftati ve /i'Response 

-
200me:/200g rat 4 - 10~ 

lg5mg/200e: rat 3 1 751 . .. 

1 70me:/200e: rat 2 2 50% 

150mg-/200e: rat 1 3 251 

Dose of aloes Mosee1 
Bay 

Positive Negative %Response 

2CY{... aloin. 

2g5mg/200e: rat 3 1 75% 
. 

270mg/200e: rat 2 2 501 

255mg/200g: rat 1 3 25% 

240mg/200g rat 2 2 50% 

Dose of aloes Alice- Positive Ne~ative %Respon se 
dale 19% a1o in. 

200mg/200e: rat 3f.- 1 
4 941 

lg5mEr./200g rat 2-& 1~ 691-

1 70mg/200tZ rat 2 2 50% 

' 150mg/200g rat 1 3 25% 

I ; 

I Dose of a1o e s Co ega Positive Negative f.ResponsE ; 
l 30%•s aloin I 
I 

I 2g5mg/200g rat 2 2 50% 

I 270m~/200g: r at 2tt 1i- 69% 
i I 

i 255m g/200e: rat 2 2 50% ! I i 240mg/200g rat 1 3 251< 
! 
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Dose o f a1 o e s Lo t 
127{ aloin 

39 Positive NeQ.'!:l. t i ve 7(Resnon se 

215m~/200e: rat ~ - 100/1 

200rng/200e: rat 3 1 751-

135mg/200g rat 3 1 751. 

170m!l'/200g rat 1 3 257 

Dose of aloes Curarao Positive 
30% aloin. 

r-~ eP-.'a t i v e 9' Response 

215mg/200g- rat 4 - 100% 

200mg/200g rat 3 1 75'/ 
: 

135mg/200g- rat 3 1 75% 

170mg/200g 
! 

rat 1 3 25% 

Table 2~ shows the activity of the di ff erent samples 

in terms of the standard aloin, t heir aloin content and 

their water-soluble extractive. 

Table 24. 

Semple .Aloin .Alice Lot Co e2'a Curacao Mo ssel 
-dale "39 ' Ray 

- -
activity. 100% 100% 35% 66% 351. 63% 

aloin 10~ 19.0% 11.5% 29. ~99. 20.6% 20. 5.7?. 
content. 

\oJa tel'-
soluble lOq{ 73.41 64.6% 33.6% 32.0% ~3% 
extractive 
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From Tab le 23 and g:raph 2 it is seen that there is 

no apparent connection between purgative activity in 

rats and aloin content of aloes. Coega aloes (30% aloin) 

has the hiP:hest aloin content of t he sam-ales used, ye~ 

it is only slightly more active than Mossel Say aloes. 

1Uicedale aloes (19% ) aloin) al thoug:h having approx­

imately the same aloin content as the Mossel Bay 

sample has far g:reater activity, in f act this activity 

being: the same as for pure aloin. Lot 39 aloes (11.:...12% 

aloin) al though having by far the lowest aloin content 

is, however, more active than Mossel Bay and Coef!.a aloes 

which have two ana. three times the aloin content 

respectively. 

4. 6 INVESTIGl\TION OF THE HIGH .i\CTIVITY OF THE 1\LICg.. 

DM..E SJ\MPLE OF .i\LOES. 

From the bioassays performed above it was obvious 

that the activity of the sample of aloe lump from the 

.i\licedale reg:ion was far superior to the activity of 

any other sample assayed, even t hough its aloin content 

was the same as some other samples assayed . Thus it was 

decided to subject this sample to further chromato.:... 

fr.raphic investigation. Both the .i\licedale and Mossel 
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Bay samples were chromato&rranhed in two different 

sol vent sy at erne (chloroform: ethanol 3:1, and. ethyl 

acetate:water:~lacial acetic acid 51~ ll,) On exam~ 

ination under ultraviolet lic.t:ht t he two samples app­

eared to be identical. However w1:1en they were sprayed 

with nitrous acid a purple spot appeared below the 

aloin spot of the Alicedal e aloe. Th is spot rapidly 

faded and disappeared within five minutes. When 

sprayed with sodium metaperiod.a te reag-ent the same 

purple spo t anp ea. red and also faded and disappeared as 

it had done with nitrous acid.. When unsprayed plates 

were allowet to stand for a fe1.r days the spot became 

visible as a black spot in dayli&rht. 

This spot would appear to be the same rrneriodate 

positivett spot which was mentioned by BOHi.~E & KREUTZIG 

(5). It would appear that the ~reater biolo!lical 

activity of the Alicedale sample is due to this compound 

since all the other factors were identical for the two 

aloe samples. 

4. 7 COMPARISON OF RESULTS OBTJ\INED WITH T~OSE OF 

RECKITT & SONS LTD ( PHARNACOLOGY LASORATORY.) 

It, was decided to see if there wa s any a~reement 



113 

between the bioassay b ein!Z used for this Nark and that 

being used by Reckitt Laboratori es. To this effect 

two samples of aloes were sent to them to b e assayed 

(per kind assistance of Dr DaP:lish) . The samples sent 

were the Alicedale sample and a Mossel Bay sample. 

The samples were tested on Reckitt 1 s 11dirty rats" 

wei~hing 135-190 g.A purified extract of (barb)aloin 

B.P. was used as the standard purqative. It was found 

that the material of unknown potency p roduced c:r.reasy , 

immiscible drops on contact "ri th v.r8.t er, so the:v 1~rer e 

first dis solved in 95% ethanol and. subsequently pre­

cipitated with cold distilled water to provide a fine 

suspension in 5% ethanol. The standard barbaloin was 

suspended in a similar manner, each rat receivin~ 10 ml 

/Kg of the suspension. 

Groups of 10 rats, starved overni"'ht were do sed 

orally with barbaloin (75 ,150 or 300mg/Kq) or single 

doses of the samples of Alicedale or Hassel Bay aloes. 

The number of wet fa eces was recorded for 2e hours after 

dosin£r. i'later was available throur:hout the test and 

food was available immediately after ajmini stration of 

the pur~atives. 
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RESULTS: 

Table 25. 

Sample % Effect. 

Barbaloin ( 150mg/Kg) 100% 

Al icedale aloe ~~f~ 

Mossel Bay 511c' 

The pur~ative potency of the Alicedale aloe is not 

significantly different from the potency of the standard 

barbaloin, but the Mossel Bay sa~ple is significantly 

less potent as a pur~ative agent. 

Unfortunately there was insufficient material of 

each of the test samples to allow a parallel line assay, 

which would permit accurate determination of relative 

potencies. 

From this and Table 23 it is SEen tha.t there is 

close aa-reement between the t1.11ro bioassay methods, despite 

the fact that the rats beincr used here reouire five 

times the dose of Reckitt 1 s "dirty r~ts". 
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4.8 BIOLOGICAL ACTI VI TY OF ALOESIN. 

i) Determination of a dose level . 

Six rnts were t o.ken 11nd do sed l.vith nloesin nt 

each of the followin~ dose levels. 

Table 26. 

Rat 1 2 3 ~ 5 

300 ffiQ" 300 mg: 255 mQ' 25S ffif!. 240 mQ' 

pos i tive ne9:a ti ve positive neP:'!"".tive ne~c.ttive 

6 

200 mg: 

ne!Z::ttiv E 

From this it is seen th~ t the E.D.50 mus t lie in the r~nge 

of 255-300m~Z/200!Z rnt , which indic~ted th~t aloesin has a 

considerRbly lower .qctivity in r.qts t h.qn hn.s P.loin . 

ii) Determin.qt i on of Ti me ~f onset of ~ction of Al oesin . 

Since aloesin is not an anthraouinone crlycoside but a 

benzpyrene deriv~tive the l en~Zth of ti ~e whic h it t akes 

to ex ert its ~ct ion is not necessarily t he same as aloin. 

To determine this, two r9.ts were dosed with 300 mg of 

aloesin; every two hours a f aecal pellet was expelled 

and examined b;r the "wire adhesion" test. It 1..r.qs found 
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that after eight hours a positive result wns obtained 

whereas LATVEN et alia (5~) found thPt qloe exerted its 

action after ten hours. However, the presence of ~loesin 

in the faeces was detected withi n four hours of d.osinR: · 

the rat • The method of detection V~ras !'1S follo 1-·rs: 

Detection of Aloesin in faecal pellets_. 

It was decided to see if aloesin was hydrolised or 

whether it was voided in the form of unchan~ed aloesin. 

The first step was to determine if it could b e easily 

detected in t he fa eces. A rat was dosed a nd !.?. fter ten 

hours a fa ecal pellet was expelled and s haken lftr ith 

ammonia. The resultinq solution ~Rs f il tered and 

placed und er an ultraviolet lamp. A white fluorescence 

was observed. At the same time q st.qndA.r-:J. lJT::l.S run using 

the pellet of a rat w~1i ch had. not been closed t~rith g,loe­

sin to obviate t he possibility of henzpyrone s in the 

food. This also g:ave similar fl uorescence. However 

when spotted onto filter paper and allowed to dry, the 

aloesin plus ammonia solution fl uoresc ed a b right 

white blue, and this when spray ed with Fast Blue B 

solution produced a n orange colour, while t he st~ndard 

did neither. 



117 

When a thin layer chroma tor;r.raohic nlHt e v.ras run in "' . . ,._ 

chloroform: ethanol ( 311), usingo an ammoniEJ.cal extrA.ct 

of a pellet the aloesin was observed at the s ~ me Rf as 

a control of aloesin run at the same time. The presence 

of aloesin was further established. b~r iakin!Z an ammonia.:... 

cal extract of a faecal pellet, filterin g: throug:h 

Whatman 542 filter paper and dilutino: this With water. 

A spectroscopic examination was then made of t h is sol­

ution. This was then compared with that of aloesin plus 

ammonia and the peaks obtained were identical in both 

cases. This indic?. tes that a l a rf!. e p roportion of the 

aloesin passes throu!Zh the gut of the rqt unchan!Zed. 

4. 9 B IOLO~I CAL ACTIVITY OF HOMO N1\TALOI N. 

HOmonataloin is a C-alycosid e, the structure of 

Whic h was elucido::t ted by H.L\Y Rnd Hli."Yl\!ES ( 43). This h,qs 

two hydroxy g:roups and one methoxy !J'roup so it should, 

according to the number of hydroxy P'roups present, (by 

classification of FAIRBAIRN) , be active. As yet it has 

never been used in a bioassay, al t houg:h a t one st.qae 

Natal aloes were marketed and these contained ~omonat-

aloin as their main constituent. VAN OUDTSHQ,:'RN ( 37) 

however mentioned that the reason these fell into dis~ 



use was due to the fact that they had a lesser pur­

gative activity them Cape aloes ( tvh ich is aloin co n­

taining). 

Determination of dosa~e l evels f or Homonataloin. 

, Sine e homona talo in i s a 1, f5 di hydroxy compound 

determination of its dosa~e level was oerformed to see 

whether the presence of hydroxyl groups in these 

positions is required for a purgative activity equal to 

that of aloin. 

Four rats were taken and dosed a s follows two with 

75 m?/200g rat of homonataloin, one with 100m~/200g rat 

and on e Wit h 150mg/200 ~ rat of homonataloin. 

Table 27. 

Rat 1 Rat 2 RBt 3 Rat 4 

75 mg 75 mg 100 mg 150 mg 

Neg:ative Negative Negative Positive 

From this it was decided to dose t he homonataloin on the 

same dosa~e schedule as for aloin. Table 28 shows a 

comparison of t he results obtained for homonataloin ,:;tnd 

aloin. 
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Table 23. 

' Dose of homona taloin Positive Negative %Response 

200mg/200 rat 4 100% ' 
g -

135rne:/200 g rat 3 1 75;t 

170rne:/200 g rat 2 2 50J 

150me:/200 e: rat 1 3 25~ 

Dose of aloin Posit ive Nerza.ti ve %Response: 

200rng/200 g rat 4 - 100ft' 

135rng/200 g rat 3 1 75% 
' 

1 70rnQ' /200 g rat 
! 

: 
2 2 50;1. 

150mg/200 rat 1 : 
3 2~% ? 

From the plot of lo~ dose/% response graph ( ~ranh 1) 

it is seen that the slopes of the t wo olots are parallel 

and the potency of the homonataloin iS the same as that 

for aloin . 

From this it would appear that homonataloin could 

be used as a pur?ative for humans in the same dosar:ze as 

for aloin. In addition it is far simpler to extract 
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than aloin. HolATever, A. SDeciosa, the main source of 

homonataloin is not nearly as abundant as A~ ferox, and 

homonataloin occurs m~inly in relatively small Aloe 

species Which contain little sap. 

4.10 BIOLOGICAL ACTIVITY OF RESIN. 

The work of AUTERHOFF & BALL (2) with mice in­

dicated with these animals th~. t the resin \vas more 

active than the aloin. The evidence ~·'ith re<?'ard to the 

pharmacologic action of the resins is conflictinP.'. 

KIEFER (SS) isolated three active r es ins from Cape aloes 

and thinks that the purgative action is due to the t hree 

resins, and that the aloin and aloe-emodin play a minor 

part in producing this effect. 

In contrast, TSCHIRCH & HOFFBAUER (65) came to the 

conclusion that only the resin in aloe is totally in­

active or without purqing properties, While aloin, aloe­

emodin and anthraglucosides have a purqin~ effect. 

Acr-ordinq to RN~STAD (73) the resins of aloes reouire the 

presence of bile acids in order to act. Aloe enern8s 

are stated to ~ave no s tronqer effect than ~qter, but 

the addition of a small amount of bile Droduces an 
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instantaneous, drastic action. In this connection it 

is noteworthy that the South African 3antu merely use a 

teaspoonful of fresh aloe juice in 1•rf!.rm water as an 

enema, apparently with complete effect~ 

Resin containing 5% of aloin ~ .. ras dosed to the rats. 

The resin was suspended and dosed to the rats as for 

aloes. The results obtained are tabulated in Table 29 

Table 29. 

Dose of Resin Positive Negative %Response 

250mg/200g rat ~ - 100% 

215mg/200g rat 3 - 75% 
200mg/200g rat 2-a- li 6S% 

1S5mg-/200g rat 2 2 50% 

15Om !!/200!l rat 1 3 25% 

From the plot of log dose/ %resoonse it is seen that 

the resin is only slightly less active in the rat than 

the aloin and that the slopes of resin and. aloin diver~Ze. 

This 1 s hoto.rever possibly due to the ~..rider separation 
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between the dose level s than wit h tbose used for aloin, 

Qgraph 4) 

Although the resin h as a definite purqati ve effect 

in rate it Will be shown that with humans, r esin appears 

to have minimal action• 
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C H A P T E R 5. 

5.1, TO DETERMINE \1HETHER ALOIN IS THE ACTIVE CON:_ 

STITUENT IN ALOES WITH RESPECT TO HUMANS. 

AUTERHOFF and BALL (2) performed an interes tin~ 

series of experiments with human volunteers in which 

they separated aloes into the followinq fractions. 

Table 30. 

Fraction 

1. Cape aloes 

11. Water extractive 

lll. Acetone extract­
ive. 

IV. Residue of water 
extractive. 

'f. aloin 

30.91 

36.3% 

34.41 

v. Met hyl Acetate 37.61 
extractive. 

VI. Residue of Methyl 
Acetate extract- 10% 
i ve. 

VII. A~monia soluble 32~ 
drug. 

VIII. Crystalline 
Aloin. 

IX. Aloin amorphous 
( Alo etin Merck) 

99.7% 

42.6% 

Biolo~ical activity 

24 out of 45 ueople r-£Gt~ro 
II as more active than 
I f.: III 

10 out of 11 ueoule 
consider VI to b·e 1~ro rth 
less. 

5 out of 6 people 
consider VII to be more 
active than V. 

13 people cons ider VIII 
IX and I in eauivalent 
doses (93m~,220m~ and 
300m~) to hRve the same 
activity. 
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Table 30 s hows the results which AUTERHOFF & BALL (2) 

obtained and from which they concluded that aloin is the 

active constituent of aloes and that the activity of 

aloes is dependent upon its aloin content, A closer 

look at these fi g-ures shows the rernarkabl e tie-up 

between aloin content and dosa~e. If one considers 

fractions I, VIII and IX, then t he followin~ interesting 

fi~ures relatin~ dosa~e to percentaqe aloin arise: 

Ratios aloin (inverse) dOSR.Q'e 

IX 99.7 2. 34 
220 

2. 37 -- - = --
VIII L12. 6 93 

VIII 99.7 300 - --- 3.22 - = 3.22 
I 42.6 9"3 

I 42.6 = 1. 3~ 300 l. 36 - - - = 
IX 30.9 220 

It was decided t o investiga t e t2is due to the fact 

that the biological assays usin~ rats showed no direct 

relationship b etween aloin content of the aloes and the 

b ioloQ'ical activity. 
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Student volunteers were used. They were dos ed 

accordinE to bodywei~ht and did not know whi c h drug 

(aloin or aloes),nor which d ose level each WRS re-

ceiving. In addition they were informed that there 

were placebos among the capsules whic h they received. 

The major difficulty was to s elect a criterion of 

activity. BROWNE,EDl't.UNDS & REID ( lC)) perform ing: 

clinical trials on senna preparations used a criterion 

of the total number of bowel movements occurring within 

a set period of time. McNICOL ( 69) Parkin!!. v,rith stan-

dardised senna preparation used. the number of bowel 

movements in t he 23 hours after medicr tion as well as 

the consistency of t h e stools. In t his trial a qreR t 

deal of reliance was claced on in~ividuRl assessment of 

response and the followin~ system was used. 

i) Nil response 

ii) !vl ild response M. motion is easily suppressed. 

iii) Moderate Mod. motion is co~pulsive but tran~ 
ient . 

iv) Severe s. motion is co moulsive l'lnd re-
pea ted. 

Each student was provided 1.vith a c?.rd on ,.,hich was noteo. 

his/her name, the response, sid~effects, time of action 

and comments . 



126 

5. 2. DETEffiGN!lTI ON OF '\llHETHER TEERE .IS ll SBX V !lRI!lTION 

IN HUlJI/lNS, 

The first step was to ret ermine whether there was 

any sex variation in humans as t here were in r ats and 

mice. Mc NICOL (69) workin~ With senna had not found 

any with this dru~ . Male and female students of the 

same wei12.'ht (120 lb. corr ected) '~rere doseCl ~!'lith the eo-

uivalent aloes and aloin at di f ferent dose l evel s, the 

result s obtained beinq tabulated below i n Table ~1. 

Table 31. 

llloes 200 mg . lllo es 400 mQ'. 

males f emales males females 

MILD EILD l~OD ~:ILD 

- l~ILD ::ILD HOD 

- ·- r:OD Y.OD 

·- MILD 

Aloin 20 mg lHoin 40 mq. 

males females males females 

- ~ILD l·:ILD :t.I.:ILD 

- iHLD I>:ILD !J:ILD 
MILD MILD - ~roD 

MILD MOD }~Qj) MOD 

- l'H LD 
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From this it is seen that there iS no ~reat 

difference in response bet\.,reen the t·hro sexes and there.:.. 

after no differentiation was made between the two in 

test a. 

5 .1.2. ATTEMPT TO PtOT A LO~ DOSE/RESPONSE SLOPE 

FOR ALOIN. 

The B . .2. C. O'ives a dosf!.O'e rano-e for 8.loin of 10 to 

60 m~, so this was used as a q-uicl.e for the dose levels 

used. The students were divided into four bro~d ~roups 

accordin~ to Vl'eip-ht. This WRS to facilitate dos.ctQ'e, 

Each g::roup (lo to a g:roup) 1,..ras then adm in ist ered Aloin 

B.P . C. in the form of a capsule (Aloin B. P. C. containing: 

9 0%. cry stall in e al o in ) 

Group 1 received 20mg:, eouivalent to 13m a- crystalline aloin 

2 received ~Om~, eouivalent to )6mP: crystalline aloin 

3 received 45m~ , eouival ent to ~1m~ orystall ine t:tloin 

4 received 65m~, equivalent to 59m!!. crystalline aloin 

The dose in mg per lb body weight was then determined for 

each result and the results regrouped on this basi s , 

The percentage response was then determined for each 

g-roup. 
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A mild response 1-vas arbitrarily tak.en as b einQ' 

half a response. 

A moderate response was tak.en as bein~ a full 

response. 

The results obtained are tabulated below, in Table 32. 

Table 32. 

Dose m~?/lb body- Lo p: dose % response 
wei!I'ht . 

0.15 i.l761 25 
·-

0 .25 1. 3979 50 
- 60 o. 30 1. 4771 

o. 36 1. 5~6 3 73.1=) 

The percentag:e resoonse was then plot t ed aaainst the lo g: 

dose in mQ' per Lb body weiQ'ht. The plot obta ined for 

this was found to be 1 in ear ( g:ra·oh 4) . 

5.1.3. Comparison of the slope obtained for aloes with that 

0 r aloin. 

For an assay to be valid, evidence must be provio.ed 

that the action of the prepRration under test and the 

standard preparation do not differ. This is normally 
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indicated by the slopes of the lo~ dose/response curve 

for the unknown and the standard. beinq- parallel. To dp 

this it was decided to use a two dose level assay of 

the aloes with ten volunteers at each dose level. Two 

different samples of aloes were used and these ~ave t he 

followin~ results. 

Table 33. 

Sample Dose mq'/lb Lo cr dose % r espon se 
based on 
aloin . 

iU icedal e 0.1296 
-
l. 1_121 25% 
-Al icedale 0.137 l. 271~ 5a:< 
-

Cape aloe 0.1715 1. 230~ Hl% 
Lot 39 

- : 

6CI') Caoe aloes o. 3~ l. 5315 
Lot 39 ' 

On plottinq: the lo f! dose/%resnonse curve for the tt~·o 

samples of aloe and comparin~ t~is ~ith that obtained 

for aloin (~raph 4) it is seen tha t the aloin and Lot 

39 are parallel and. that t he slope of the Alicedale 

aloes diverged very slightly from t h e other two, t he 

div ergence beinq so small as to be neQ'liR:ible for all 
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practical purposes. Henc e the potency of the aloes 

may be calculated in terms of the standard aloin. 

5.1.4. CO~P~RISON OF THE POTENCY OF ~LOIN WITH THAr 

OF 1\.LOES. 

The potency of two different co mmercial samoles of 

aloes were compared with that of aloin by means of the 

lo~ dose/response curves obtained Rbove. Due to the 

interestin~ results obtained with the r 8t s in which th~ 

~lie edal e aloe showed a P-:reEl.t er po ten c~r than would be 

expected from its aloin content, it was decided to use 

this as one of the test subst.cmces to see if it '.vould 

show similarly increased action in hum ans. The other 

samples of aloe chosen rAras a commercial samole con­

tain in9.' only 11% aloin. Both sampl es r.vere g:i ven in · 

doses accordin~ to their aloin content. 

From the ~raph obtained (9.'raph 4) plotted on the 

aloin content it is seen that the ~licedale sample, 

which showed the "periodate positive 11 spot of B09.KE & 

KREUT'ZI 'J (5) shows the areatest a.ctivity, followed by 

the aloin, with the sample containin~ 11~ aloin 

showinP' t he lo1.vest activity. Ho~·'ever the activities 
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are fairly close as is shown by the E.D.50 of each 

when expressed in terms of mg: of aloin a 150 lb perso n 

would receive. 

.1\.licedale 

30m!!. 

Aloin 

?7.5mo: 

From t h is it would. a -opea--.:-" that the activity is not 

always entirely dependent uoon the aloin content of 

the aloes as is shown by the g:re~ter activity of the 

.1\.licedale sample. 

It was thouQ'ht that the lo,,rer a ctivity of sam-ole 

39 miP"ht possibly be d.ue to its hi~Zh resin content . 

This resin would be precipitated at the acid pH of the 

stomach and mi!lh t possibly tra-o some of the aloin 1ftrhich 

wouJd not be free to exert its action. The resins are, 

however soluble in alkaline solution and since the pH 

of the small intestine is normally ~' the resin mi!!.ht 

possibly redissolve, thus it was decided to see whether 

aloe 1A1as soluble in si.,ulated alkali pancreatic juice. 

5. 1. 5 . INVESTI~~TION OF T~~ SOLUSILITY OF ALOES IN 

SP,:ULA'1'ED P At1 CR1!:'ATI IJ JUICE. 

Alkaline pancreatin so 1 u ti0n as used by the B. P. 
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1963 (9) for the testin!l of enteric coated capsules 

\Ira a used. This Consisted of 

Pancreatin 3 g: 

NaHco
3 

159: 

Na taurochlorate 5 g 

Aqua ad 1,000 ml~ 

A fixed weight of aloes (lot 39) was olaced in 

100 ml of this solution, shaken and t hen olaced in an 
0 

incubator at 35 C for 14 hours, the solution bein'!. 

shaken occasionally. After 14 hours all t~e aloes had 

dissolved to yield a red coloured solution. From this 

it would aopea r that the resin pas ses into solution in 

the small intestine and muRt hence release any trapped 

aloin. However the possibility still remains that t::hen 

the resin ~eta precipitated in t he stomach it traps 

some of the aloin and remains here for a longer period 

of time than the wate~soluble fr.:..c tions r~rhich Will 

pass through more rapidly and exert their acti0n. 

The solution which had resulted from incubatim.:.: 

aloes "'ri th alkaline pancreatin for 14 hours was ev­

aporated to dryness with hot air , dissolved in methanol 

and chromatoO'raphed in chloroform: ethanol ( 3:1), and 
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was then examined under an ultraviolet lig-ht whereuoon 

no aloin c ould be detected, al t hOUQ'h aloesin and aloe­

emo din were present. To determine whether the aloin 

had been destroyed by the pancreatin or merely by the 

alkaline solution the following experiment was perform~d: 

15 mg: of aloin "t<ras dissolved in 50 ml of alkaline 

pancreatin solution B.P. 1q6S and 15 m9:' of aloin lA7as 

dissolved in 50 ml of a solution containing l.Sf NaHco3. 
0 Both solutions were then incubated at "35 C f0t' 14 h0urs; 

on removal 'hath solutions hRd turne0. ,..eel. Both s01utions 

were then centrifuP-"ed for the sarr. e 1 eno:th !Jf time and. 

5 ml of the supernatant diluted to 100 ml ¥ith water. 

These two solutions were then read aqainst WAter in a 

double beam spectrophotometer at "360 nm. The readin~s 

which were obtai ned were identical in b~th cases in-

dica ting: that any aloin whic "f1 had he en bt'0ken d')l~rn in 

the solut ions had been as a result of the pH of the 

aqueous solution s. (141 WRS b roken down in b!Jth cases). 

5.1.6. THE FATE OF ALOIN II~ THE RAT. 

It was decided t0 see what percenta~e ')f al oin is 

voided unchang-ed in the rat. To do this a rat was 
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dosed with 200 m!!. of a101n, and. all the faeces passed 

for the next 2~ h~urs were c0llected. These we re then 

repeatedly extracted with acetone until n0 col0urat10n 

of fresh acetone occur~ed. TI1e acet0ne extract was then 

filtered and the volume reduced by evan0rat1on under re­

duced pressure. This was then made uo to a c0nvenient 

volume and chromatog:raphed. The al0in spot was t hen 

scraped off and assayed usinf'.' the thin layer chromFtto ..... 

g:raphic meth0d, ~1en t~is was related t0 the amount of 

aloin with which the rat had been d0sed it was found 

that 15% of the oriEZinal aloin remained unchanO'ed. 

5. 2. IN VITRO ATTElviPT TO LYSE ALOIN BY THE USE OF 

E. coli. 

As alre.qdy menti0ned e.qrlier it is believed thA.t 

the su~ar molecule is snlit off the anthracene nucleus 

by the action 0f E, coli thus resultin~ in the pr0-

duction of the anthrone. No reference c0uld be f0und 

as to this being: done 1 in vitre> 1 with. a 0-g:lyc')sid.e , 

all previously beinq done with 0-rrlyco sides. 

The major difficulty in detectin~ t he anthr~ne 0f 

aloe-emodin spectroph0tometrically was due to the 
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similarity l f the peaks ')f .ql0e-em0d in and. its anthr0ne. 

Sa it was decid ed thRt the si~ol est met h0d W')Uld be t0 

follow the decrease in al0in content. 

Tubes ') f Difc0 br0th were prepared (0.2~ per 250 

ml), each tube b eing: filled T.vit h 1 0 ml r;f b r0t h and 

a utoclaved for 30 minutes a t 15lb/sq inch. Six 0f the 

tub es were inoculated with a 1~ h0ur culture of E. cr;li 
0 

and allowed t') qrow f'1r 3 hours a t 35 C. The 0ther six 

tube s 1 . .vere used as a cr;ntrol. 5 ffiO' of al~es was as-

eptically dissolved in 10 ml of sterile Wqter Rnd 0.01 . 
ml of this was added t') each tube, flaminCJ." bef0re and 

after addition. The tubes were t hen onc e m:)r e incubated 

and remo ved at set time int erval s. Then n tube contain-

inf!:' bacteria and a contrr:>l tube ~vere centrifug-ea. t0 re-

move the bacteria fr0m the sus-oensi0n. Since the medium 

also precipitates, the control tube Nas requireCI.. The 

supernatant 1 iquid of both the ex·oerimen tal tube J:~n0. the 

contr-; 1 tube 1.vere then read in R. :S eckman spectr0oh0t0-

meter at 360 nm, usinQ' water as a b l ank. It ~as seen 

that there was no appreciable d.ifference bet1..reen the 

reading: for the contrr:>l and the experimental tube. 

Hence it was a ·oparent that in vitro E. coli does not 



split a C- £dycosid_e within 40 h0urs. This w0uld 

possibly e;xplain the reas')n l,rhy al0in and other c.:­

~lycosides are B') inactive in the r~t and mouse since 

all previous w0rk in these animals ,,rps perf0rmed usimr 

0-~1yc0sides which are easily split b;v E. c0li. 
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R E S U M E 

In Chapter 3 biolog:ical met hods 0f ass8.yincr 

purgatives are reviewed with reference t~ the animals 

used, their h0using, and t0 vnri0us fact 0rs v.rhich c:=tn 

affect biological assays . 

In Chapter 4 the experimental meth0ds which were 

employed are discussed, these includinCl'- h:::~.ndling:, 

training, do sing of r 8.ts, criterion 0f purP-:ative 

activity and the reference standard emoloyed. The meth­

ods o f isolat i~n of the vari0us c~nstituents which were 

used in the biological assays ~re then detailed. 

D0sa!?'e levels for al~in and different aloe samples 1,..rere 

determined and the E. D. 50 f~r t he Cl.ifferent samples 

established. The fact v.re. s established. that the slo"9es 

of the al oin and aloes were p.t'\rallel. 

An attempt was made t') c0rrelRte the bi·')l09'iCI'll 

activity ~f the different sarrples 1~rith their aloin con..:.. 

tent. The activity of a10es in, homonatal~in and resin 

were i nvesti9'ated in the rat. 



The results obtained for tl·ro sqmples 0f commercial 

aloes were c0mpared with th0se obtained by an overseas 

pharmacolo~ lab0~atory. 

In Chapter 5 the activity o f aloes and a10in in 

humans t,vas investi&rated. It 1,ras demonstrated that 

there is n0 sex variation in the response t o both al0es 

and aloin. The slopes .') f t he lOO' dos e/response curve of 

aloin and t\-!O different s arnples of aloes v.rere shown to 

be parallel, and it was shown t ha t the activity of a 

sample ws.s closely rela ted to the aloin co ntent. 
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SUM!-!1\RY and DISCUSSION. 

The object of the work performed ~as t o det er mine 

whether there is any rela tionship between the c hem ical 

assay , the biolo~ical assay and t he act ivity of aloe s 

in humans. If a relationship coul d be found between 

any of thes e then t he drug, aloe s, coul:J. be standard is ed 

as a pur gat i ve . 

To this effect it was fir s t necessary to determ in e 

the best method for the chem i cal a ssay of aloes, since 

t he r e are numerou s different c hem ical met hods of assay 

which Q'ive varyinf! result s . Some of the current met hods 

which were investi qated include : 

1) The met hod of Fl\IRBJ\IRN (S) ) ~rhich involves fer ric 

chloride oxidation of al oin , 

.. 
2) The method of ~:OHRLE as modified by qo RH.L\.i'.Ji!·~ER et 

alia (50 ) which involves a periodate oxidatio n of 

al oin . 

3) The assay ~f ~'10HRLE as mod i fied by BOHi'~E & KREUT'Z.I(!. 

( 7). 
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4) The thin layer chrom.g_t0P:raohic method. 

5) The water-soluble extractive of aloes. (B.P. 196e§) 

The object Y.ras to find an assay v.rhich is both rapj,c 

and simple to perform and is nevertheless accurate. 

The method of FAIRBAIRN was investi c;rfl ted by five 

British analytical laboratories (53) and excellent 

concordance was obtained by them. In consequence 1 and 

c0nsidering their analytical error of only 1~ on aloe 

samples containin? circa 20% aloin 1 it l17as decided t o 

equate t h is method t 0 100% accurac:.' , and to determine 

the effectiveness of the other methods relative to this. 

In addition, the FAIRBAI RN method eliminates false 

positives by a wavelenP:th r atio as reported in the text . 

The thin layer chroma to .,.ra·ohic me th0d of A. S sqy w.g_s 

f0und to 9.'iVe close ag:reement ltJi th the FAIR9.£1. IRN method. 

once interference from silica !Zel 1Hd. been c0rrected f0r. 

However, this method does not crive a total aloin value 

for samples containin9.' aloino sid.es. Thus a technician 

not famifur ,,r ith these compounds , could by t~1i s me thod. 

omit them completely, and thus omit anthr acene deriv.:.. 
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atives of k~own purgative activity . Sarnoles of Cape 

aloes and 'Zanzibar aloes occasionally cr)ntain aloin-

sides and consequently t his factor ~ust be borne in 

mind. It also has the advantRP.'e thq t a hybrid 0f al0in 

and homonataloin, vJith resultant enha nc-ed pur~rative 

activity , ·could. be d.etermined by t bis meth0d . 

It was found th<::1.t the methoCl. 0f : ~OHRLE PeS rr.0o. ified 
.. 

by HORF..L11>1MER et alia ~ives far t')o hi!!.h a readi nq- for 

the aloin c0ntent of al0es, due to t he fact th~t the 

resins and ammonia form a yellow colour whic h reads at 

the wavelen~th at which the readin~s Rre taken, the 

error being: in the rerrio n of 2Cf/ to J hiP'h . This method 

can, ho1-.rever, be used f or t he e.s ~.ay of s a m·91es of al ')in 

of a high purity. 

.. 
The method of r~OHRLE as m0dified by SOHliJE & 

KREUT'ZIG 1.,ras f 0und to O'i ve an e.ccur -"'l. te resu~ t 1 p:i.'0Vidl.:)d 
') 

that the temper2.ture is k.e-ot c0nst a.nt at 20 C. It can-

not, as is shown here , be used for t he ass &y ~f pure 

aloin or aloin of a hiO'h percentaq-e of purity. :rore-

over this assay , e.s it stands, hc.'1s t :1e C.isadvantaR"e 

that it cann0t differentiate b etwe en al0 in a.nd h~'Jm0nF.tt-

aloin, hence it is rec~mmended that a ratio s~~i~Rr 
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to that as emDloyed by the FlliRBJ\.IRN method be in t ro­

duced. The most effective manner in r:.7hich this c0ulo. 

be done would be to calculate the ratio value ffilOnm I 

E 460nm, since the peak f 0 r nataloe-emodin and alkRli 

occur at 460 nm. If the r11.tio. value is fl:'reater th~n 1 

then t~1e assay will be valid for aloin . 

It is thus seen th~t camparab le results 11.re ob-

tained by three of the assay meth0ds investiO'Hted. 

However the time taken to perfarm the .J.ifferent a ssRys 

varies considerably. In the majority of analytical lab-

oratories the time taken to perform an assay is a very 

importa nt factor. Below is a table of the total time 

taken tJ perform each as say and of the actual workin~ 

time for each of the above assays. 

Table 34. 

·-.. 
Fl\.IRBJ\.IRN HO~E T.L.C. 

Total time 6. 5 h0ura 2. 7S h0urs 1. 71=) h0urs. 

vlo rki n12: time . 2 . 25 h0urs 4S mins. 4~ mins. 

From this it is seen that the a ss9..y 0f Fl\.IRP!liRN, 

although being: the m0st accurate, is far more time-
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consuming than the 0ther meth0ds, and. it is felt that 

the majority of analytical lab0rat0ries W·luld be ore­

pared t 0 sacrifice a sm~ll degree 0 f accuracy for the 

substantial saving in time (tables 5 to 7 r efer), 

particularly as the drugs c0ncerned are ~iven in C0m­

paritively l a rge do ses f0r pur~~tive effect. Fr0m the 

work performed it is felt tha t the method of thin l~yer 

chromatographic analysis shJuld be ad0pted due t 0 its 

speed and relRtive accur acy . 

For the bioloo:ical assay of aloes, the method 0f 

L!1TVEN et al i a (5g) WFI.S used. In this \.J0rk several 

different samples 0f Cape aloes and a samnle o f Curacao 

aloes with varyinP.: aloin c0ntent were UE'·e:J.. N'l rel~ti0n­

ship c0uld be f~und between the allin c0ntent 0f the 

samples used and their bi'Jl0~icf11 Ftctivity in the rF.tts, 

which were used in these bi0assqys. The picture is 

c0nsiderably c0nfused by the fact t}1~ t the resins, 't\Thich 

appear to ha.ve n0 puro:ative activity in hum.qns, have 

an activity nearly RS ~reat as th~t o f aloin in the r1t2 

used. 

Furthermore no re1ati0nship c0uld be f0und betNeen 

the activity of aloe sampl es in humRns Rnd the same Rloe 
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samples when administered. t0 the r~=~.ts. ll.lth0uc;rh 

the activity 0f the tw0 samples used was faun~ t0 be 

similar when used in the rat, in humans a c0nsiderqble 

difference in activity t•Ias 0bserved. In acc0rdance 

with the work o f 1\.UTERT.J:OFF & Bli.LL the activity 0f aloes 

in humans is closely rel P..ted to the al0in C')ntent o f 

the aloes. In aO're ement r.vi th t heir '\v0rk it is f0und 

here thn.t people may usually be d0 sed in a.cc0rdance with 

the al0in c ontent of aloes, but tha t 0ccqsi0nally qs 

with the Alicedale sample, an unlmown principle can en­

hance the pur~ative activity 0f aloes. 

From this it is seen that t he b i'Jl0f.!ical 3.Ssay of 

aloes usin~ rats P-:ives n0 io.ea of the potency of aloes 

when related to humans , but t hat the qctivity in humans 

can be determined by chemical assay of al0es. In addit­

ion, no difference in resp0nse t0 aloes 0r al0in c0uld 

be f0und behreen th e tw0 sexes. 

H0m'lnataloin was isol~ted c=mr.l. its u uro-ative Hctivity 

in rats was investig-ated, t:.rhere it t•.r.'3.s f":lund t0 h;:!.ve the 

same activity as aloin. A search of the literatul"'e has 

revealed no similar work havinP.' been p0rf0rmed 0n 
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homonataloin, In similar m-stnner t he benzoyrone, aloesin 

was isolated and its purga tive activity in r a ts in­

vesti~a ted , t his bein~ found to be considerably less 

than that of aloin, as was anticipated fr~m its 

chemical nature. 
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