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X. INTO GttJC TICK

'Atherosclerosis resulting in Ischaemic heart 

diseases is  the greatest epidemic that man-kind has 

ever faced* (world Health Organisation# 1 r77) • A 

review of the s ta tis tic s  of the Governraant General 

Hospital# Madras# shows that the myocardial Infarction 

is  the number one k i l le r  ( about 40 per cent) among the 

medical emergencies (ssnthllnathan# 1979)# with better 

liv in g  conditions and urbanisation of society# 

atherosclerosis and coronary heart disease are assuming 

increasing importance in chit country as i t  is  in the 

more privileged  countries (Gopalakrishna, 1979)•

specia lists from the world ever agree that the 

basic cause of coronary heart dlaeaae is atherosclerosis 

(Heart Neva# 1977# 1978)• Atherosclerosis recognised 

as the leading cause of death today# and one of the 

greatest contributors of physical end mental incapacity 

remains an enigma in modern medicine (Levadas aim, 

1979| ssnthllnathan# 1979f Reddy, 1979)# Xt is  a 

multifaceted disease of the large and small arteries 

characterised by plague lik e  intimal deposits# composed 

of co llections of lipids# complex carbohydrate# blood 

and blood products# fibrous tissue and calcium deposits 

and associated with medial changes (Reddy, 1979)«



In the ligh t o f several experimental* 

epidemiological and c lin ica l investigations* i t  is
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generally accepted that the risk  of developing coronary 

heart disease in population groups is  positive ly  

correlated with the leve l o f serum cholesterol (adnavatl* 

1977# stamler* 1978> Gopelakrishnan* 1979 and Matmol*

1979)• this risk is  re la tive ly  small at levels less
«•

than 220 -  250 mg/lOO ml tout increases progressively 

with each Increment in the plasma cholesterol above this 

leve l depending upon age (American Journal of C lin ica l 

Nutrition* 1973f and Heart News* 1977) •

There la also a positive relationship between 

plasma cholesterol* low density lipoprotein* very low 

density lipoprotein* trig lycerides and incidence cf 

coronary heart disease (British Heart Journal* 1978y 

Gordon 1977 and Kumar1 $£ a^« * 1976)* I t  has bean

observed in several wel 1-docuraen ted stud lee is that there 

is  an inverse relationship between plasma leve l o f high 

density llporproteln  and high density pipoprotein 

cholesterol and incidence of coronary heart disease and 

other forme of occuluslve vascular disease (M iller e t a l««  

1977y Gordon £ t e£ ., 1977# Bradlf al.,197a) *

oerum cholesterol can be successfully reduced in a 

great majority of people by dietary modification alone 

(Heart News* 1976)• The ro le  of nutritional factors such
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as the type and concentration of dietary fat# the type 

of carbohydrate and dietary fib re  In altering plasma 

cholesterol have been widely publicised (Reiser# 1973 

and Kritchoveky S i ai*>1973f who chronicle# 1977)• Many 

o f these dietary conotltutonte have been used to check 

hypercholesterolemia though not as lib era lly  as drugs*
t

I t  la  now widely accepted that vegetable foods can 

lowor serum cholesterol and are lees atherogenic then 

animal foods (Carroll at a],*, 1973# Yadov ££ a^«, 1977) *

Pulses and legumes which are the major sources of 
*

protein in India# have been of in terest because of their 

a va ilab ility  to modify cholesterol concentration* cereal* 

legume combinations are e h a ll mark of the traditional 

d iets of moot of the developing world* soyabaan# lima 

bean* chick pea (c lear arlotanum) * cow pea (V lcla  f  abla* 

Munao been (Black gram) # Guar (Cvompoalo tetragonoloba) # 

gum arable and locust bean (Ceratonia a llloua) have been 

shewn to  possess hypocholesterolemlc properties (Mathur 

e t  o l* 1994 and 19711 rtadhave* 1971i vijayagopal* 1973« 

boni S i* 19781 Nieha ££ &k* 1980| Zavoral* 1931)*

The use of Locust bean gum ae a dietary constituent 

in India Is  not very popular though the bean is  available* 

However# I t  la  uaad as atab llzer in ice creams and in 

sim ilar food products* Tha possible use of thia gum in  

higher quantities# was thought of In terest from the point
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of v l9v a£ i t s  o ffs e t  on lowering the cholesterol and 

trigy leeride leve ls* Hence the raain objective of this 

invee t ig  ation*

The investigation has been designed to study the 

e f fe c t  of Locust aean Gun (Cera ton la  incorporated

at varying leve ls  in the d ie t of albino rats on 

cholesterol levels# tr ig lycer id e  levels and histopathologieal 

changes*



z i «  m a n  Etf o r l it e r a t u r e

The 11 tor attorn ntnalnlng to this study on the

"E ffect of Locust dean Gun on serum cholesterol.*

Triglycerides and Histopathology o f Liver* Aorta and 
*•
ffeart Tiesues in Albino Pete"* is  reviewed in the 

following sequence*

A* Pathological Ranges In the Atherosclerotic 

tissues*

3* Pink factors oradisposlng to coronary heart 

disease*

C* Hole of legumes in preventing hypercholesterolemia*

A pathologic*!

Atherosclerosis is  a pathological entity and multi* 

facetsd disease of the large and small arteries* 

characterised by plague lik e  intlmal deposits* composed 

of collections of lip id s , complex carbohydrates* blood 

and blood products* fib ro u s  tissue and calcium deposits* 

and associated with medial changes (Reddy* 1979) • Ths 

disease may involve any vessel* but the commonest are 

the aorta* the coronaries* the cerebral vessels and ths 

renal vessels (Ananthasuferemanlam* 1979) *

The lesions are f i r s t  seen as fa tty  streaks or
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spots on the inner lln ining of arteries ( Anderson e t a l. 

1968)• They appear as short# thin# s ligh tly  raised 

yellow lines (Davidson || s i * 1975) # consisting d  free  

cholesterol# cholesterol esters and trig lycerides in 

proportions approximate thoaejof circulating blood lip ids 

(Anderson a l . 1969)# and gradually harden into 

fibrous bulges ca lled  plagues as i t  ages* as the plagues 

become numerous# the arteries become roughened and 

narrowed# the e la s t ic ity  ia loe t and the flow  of blood 

through the vessels is  curtailed (Mitchell# $£ £ }*  1968| 

and Robinson c l . 1974)*

The largest class o f l ip id  in atherosclerotic plagues 

is  cholesterol eaters# in which the fa tty  acid pattern 

resembles that of plasma cholesterol ester# with lino la te 

the most abundant followed by oleate (Lavrie Sik* l$64f 

.xnith ^  c l . i960) • Fibrinogen la the only other plasma 

protein present* Phospholipids are reduced in plagues#i
compared with plasma lipoproteins# and the predominant 

type is  sphingomyelin*

The in tracellu lar Holds o f fa tty  streaks are 

mostly cholesterol esters# with s bizarre of fa tty  acid 

pattern. They contain a high proportion of o le ic  acid# 

low lin o le lc  acid and raised Cj0| ̂  (Smith g t  a l. 19681 

Lang and Znsull# 1970)• Fatty streaks contain less low 

density protein then the normal Intima (.smith and 

slater# 1972)# and i t  would appear that their lip ids  have 

mostly been ester i f  led jy& s itu *
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hm could bo aeon from figure 1# a chain of factor# 

era in the formation of atherosclaroeio which loafs to 

coronary heart disease (bevadaa $£ 1979) •

1. hue* i

a)

Hyper tens ion causes an increased chance of coronary 

heart disease# o r  heart failure# stroke# blindness and 

kidney fa ilu re  (WHO# 19761 Heart News# 1978 and ohatia#

1978)« According to Stanley (1977) ,  this elevated blood 

pressure seetas to increase the production o f cholesterol 

in the body* Obese hypertensive persons experience a 

greater risk of coronary heart disease and mortality 

than persona with either hypertension or obesity alone 

(Lowenstein# 1974)*

*> u m ^ p ^ i jg a ia u a iL  '

The elevated risk o f coronary heart disease is  

lin early  related to  levels of plasma cholesterol( Barinea 

and Kodicek# Nutrition Review# 1972# roods# 1973# H ille r  

and H iller# i r7Sf Barr £& £&• (1978),

e) m r «r i.ip l6 g a l«

Populations thich consume a d ie t high in saturated
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fa ts  have a higher incidence of hyperlipidemia and 

coronary heart disease than those who do not (Deutah*

1976 and Levy $£ a l« 1978) •

«> M tta ia i

Diabetics are particularly prone to  hypertension^ 

and p ro life ra tive  lesions of the small blood vessels 

(Davidson a l« 1975) • Garcia a^ (1974) have shown 

an undoubted relationship between various degrees o f 

glucoee Intolerance Mid the development of vascular 

disease* Gordon a l» (1982) are of the view that 

diabetes# la associated with obesity# elevation of plasma 

lip ids* hyporinculinoomia and possible hypertension*

Again i t  Is associated with increased ca lc ifica tion  in 

the coronary artery and a combination of hypertension* 

raised coronary lesions ( mho Chronicle* 1974)•

«) QfeMltv and physical activity!

Obesity is  a predominant factor prodlsppoelng to 

hypercholesterolemia* hypertension and dlabtea melletus* 

vid therefore emerges as a d is tin ctly  important cauas of 

atherosclerosis (WHO Chronicle* 1974» and Devadas jstSt 

1978» Ganapathy* 1979| Thaverl* 1978 and scharffenbesg*

1980)*

Vigorous physical a c tiv ity  may help in maintaining



normal weight and avoiding dmalt/ < aicckbura# 1974# and 

staralsr# a }* 1972) • Greater nercentage change* in 

trig lyceride# but not in cholesterol wore observed In 

those assigned to the formal easreftse programme 

(shores $k* 1®76# hasironi# 1978 and Krameeh a l .

1981) *

Cigarette smoking has ban unequivocally shown to  

increase the risk o£ myocardial infarctions and sudden 

death # and there is  a prompt and dramatic dec line in  the 

mortality on cessation (Heart News, 1930f Health 

Information Exchange# 1932)« The nicotine present in 

the cigarettes (Aronowm £&• 1971 f Ball §1 1974#

Kershbaum a l> 1961# Oliver 19711 caste H i  * !■»

1966) and the carboncraonodixi of the heavy smoke are la id 

to be the causative factors (Gopalakrlshna# 1979# Horn# 

19?8| Viswanathan# 1979# Ball# 1980 and H ill lam ££ a l. 

1931)«

Alcohol increases the ca lcr le  intake# stimulatas 

the production of ceta»lipoproteins (Antie# 1971# Jhavarl 

and Edwards# 197S and ineswell# 1978 and Mishkel § t 

1977)* ca ffe in e  in co ffee  and tea may act as eardio* 

vascular stiraulanta through e ffe c t  on the adn yl cyclase 

oystsm (stare and cortin# 1976# Thrash# 1977# Truswell and 

bevy# 1978# Bennett g t jjl# 1970# Antla, 1973# and Yudkln#

1979) •
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Bolcemlolcgleal, end pathologic etudlen have shown 

that the progression of this disease is  age related 

(strong and Me G i l l ,  1969# Maust, 1971)•

woman In child boaring age are aeon to be protected 

from the effacta  of coronary heart dlaaaae, which la 

attributed to ovarian hormone (Grande, 1979# and 

Gordon e t  a l , 1978# crlgorove, l r71# Hjortland, 1976#

Me Namara £ t 1976) • women using oral contraceptive# 

have been found to have a greater rlak of developing 

cardiovascular disorders* Oeatrogen containing oral 

contraceptive tend to rise plasma lip ids and lipoproteins 

while the* combination type oral contraceptive rise plasma 

cholesterol and trig lycerides (Yeung, 1976# Mann «|t j| ., 

1973# Bradley &t £ l,  1978),

1 Environmental stress and intense emotions, tension,l
worries, raise the blood pressure, blood volume Increases 

and the pressure of the heart chamber Is  Increased 

(bhebas, 1977)*

2* nutritional and Related Factors Affecting Cholesterol 

and Triglyceride Levels*

(a) Type and concentration gL_Lfi&i

Both quantity and quality of dietary fa t  have an



f

K
Important bearing on serum cholesterol leve ls (sriksnthla, 

1971» Grande, i f 75 and Moore <?t a^, 1977) and they also 

have a ro le  in blood coagulation and plasma fib r in o ly tic  

a ctiv ity * populations which consume a d ie t high in saturated 

fa ts  have a high incidence of hyperlipidemia and coronary 

heart disease (Williams e£ 5^,1977)* *  d ie t predominant

In cholesterol rich foods such as organ meats, eggs, and 

saturated fa ts  aid o ils  can sign ifican tly  rise  serum 

cholesterol leve ls (Turner, 1978). sraphasiaed widely is 

the fact that poly unsaturated fata  like vegetable -o il 

have a marked cholesterol lowering e ffe c t  (vergroesen,

19771 sreekumar e& 1978* senthilnathan# 1979 and 

J acotot a t a l , 1979)•

b) Tyne of cerbohydgiMl

ingestion of a d ie t containing clcrieolin excess of 

the daily requirements fo r maintenance and physical a c tiv ity  

in the form of refined carbohydrates leads to  an elevated 

cholesterol and bleed trig lyceride  leve ls  (Burton# 1976)• 

sucrose# starch# fructose# galactoae# and lactose are 

atherogenic in declining order* (Yudkin j£# 19691 

Keys, 1971> Ahrens, 1974 and Krltchavaky 9 % ^1# 1973).

carbohydrate® present in the core ala, pulses end 

vegetables in the form of cellu lose and hemicellulc se
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In terferes with the axjornticn of dietary cholesterol end 

therefore have a serum cholesterol lowering e ffe c t  

(Devadas ||t a l* • I t  Is suggested that pectins

decrease endogenous absorption of Cholesterol and increases 

cholesterol turnover (Mokady, 1974)•

c>
Animal protein has bean associated withjhigh and 

vegetable protein with low plasma cholesterol leve ls  

(Connor and Connor, 1972) and this d iffe ren tia l e ffe c t  

is  thought to be related to  amine acid composition 

(C arroll, 1978| and Carroll e t  c l ,  1573)* Nsir a l, (1971)» 

iann (1977) and Hermus (1978) reveal that yogurt and milk 

have cholesterol lowering property*

<*>
N icotin ic acid (Key, 1970t Kodlcek, 1972t Truswell 

and Levy, 1978)* Vitamin a^rtc Cully (1979),

Gruber# a£ (1979) Truswell, ilVIQ))*, Vitamin C 

(Barnes Kodlcek, 1972 and Hugos, 1976)*> in it ia l  studios 

by sp itt le  (1971)  ̂ vitamin £ (f- llson 1978),

and co~>3nsy..'k* (science Digest, 1979) a l l  have a role 

to play in atherosclerosis*



16. ‘

«> n ta m la i
Trace elements lik e  chromium, manganese, vanaollum, 

zinc, having a benefic ial e f fe c t ,  while others such as lead 

anc particularly cadmium have a detrimental e ffe c t  

(Masiron!, 1973f WHO Chronicle, 1973f and Truswe11, 1978) 

in Coronary heart disease*

f )  vtetm „& U aaL
Dietary fib re  the non-digestible component of our 

d ie t, has been implicated in recent years as causing a 

reduction in serum cholesterol, and i t  has been referred 

to as a natural hypoeholesfcerolamic agent (Trowell 1972f 

Jalraar ji* 19741 Domingo e&0 1978? British Department 

of Health and Social security, 1973t Trcwoll, 1973 and 

British nutrition Foundation Annual Lecture, 1978# 

schwarg, 1977 j vijeyagopal &t a£, 19731 Nish a and sherma,

1980). The lip id  lowering i f  fact of fib re  is  advocated to 

be due to the increase in the excretion of b ile  sa lts and 

faecal otarolc (Trcwoll, 1972t Mokady, 1974» stary g t  a^, 

1978> aremnor 3 $ & i, 1973 > Kritchovsky, 15771 Lin Chen,

1979 and chen and Anderson, 1979)•

3. other dietary factors and related agents reducing 

cholesterol levels*

unions as such and essential o i l  of onions reduce



cholesterol levels s ign ifican tly  (Jain e t g£, 1979» 

alnanl e t 1979). ca r lie  an* ga r lic  o i l  possess marked 

cholesterol lowering properties due to an active principle 

sulphide c€ e l ly l  (Join <gt 1973). Gujral «1, 1978) 

points out that ginger s ign ifican tly  reduces both serum 

and hepatic cholesterol leve ls  am. simultaneously increases 

cholesterol excretion in the faces*

C. EPl ot^hmawm*.ln Prevgnti^  HYger C h o leg^ fo lss ln

Pulses and legumes which or© the major sources of 

protein In India, have been of in terest because of their 

a va ilab ility  to modify cholesterol concentration* Cereal -  

legume combinations are a hall mark of the traditional diets 

of moot of th * developing world* 3oyabeen, lima bean, 

chick pea, cowpoa, v ic la  fob ia , and plaum sativum are sane 

of tha commonly consumed legumes (Methux a l, 1963} 

Hadhava, 1971} Vija/aoopal, 1973} soni et a l,  1973)*

Mathur and Coworkers (1979) demonstrated the eholester< 

lowering e ffe c t  of chick p*a In rats, rabbits and man* 

oiddlqui and Siddioui (1979) suggested that the h/pocfcoloe- 

terolemic principles In Chick pea may be due to two 

lso flavlns, neiaely b loch an in, A and formononotin* 

oiduiqui (1979) and Sharraa ( l r79), isolated Biochanin h an 

formenanatin from chick pee# fed the recrystallloed



compounds to alulno rats and demonstrated their a b ility  

to reduce oerura cholesterol* I t  appears that isoflavons 

with a mathoocy group possesses hypocholestrolomic activ ity*

A high ra tio  of glutamic acid to  essential a nine acid in 

cereal protein leads to  hypocholestoroleniia in man 

(Nutritional Reviews# 1980) •'

The guar gum obtained from Guar ( Ayaroooala tetragonoloba 

cluster bean) has recently been reported to decrease the 

serum cholesterol leve l and serum lip id  levels (Nioha and 

Sherraa# 198P) • In a study conducted by Chen and Anderson 

( l r79) i t  was found that certain water soluble plant 

fib res  such as guar gum or pectins have greater cholesterol 

lowering e ffec ts  than do certain insoluble plant fibers 

such as wheat bran or cellu lose* In human studies# feeding 

o f guar gum lowered serum dholes ter o l leve ls  in normal 

subjects and in hyporcholostorolemie subjects* In animal 

studies# guar gum incorporated into the hyrordholesterolemlc 

d iets lowered sarun cholesterol# liv e r  cholesterol and 

to ta l l iv e r  lip ids in rats (Nlsha £ t 1930)• The 

mechanism of hypolipemlc action of guar# mi ht be related 

to diminished ca loric in take or lees end delayed absorption 

of nutrients due to the prestmeo of unauGorbable carbohydrate 

in the d ie t. Guar ia comnoood of glectomennan vhich is 

not hydrolysed in the Castro Intestinal tract and is  c la ss ified  

as unavailable carbohydrate (Jenkina q l* 1973) •



(i-660
Locust bean gura^cerstonla c illiqu a ) belongs to the 

family of loguminoaa* The endosperm material contains 

Insoluble materials such as cellu lose and proteins* 

structurally 1; oust bean gum la a polymer of D-mannose 

and D-galactoso* According to a study conducted by 

£avoral (19311# lecust baan gum was more e ffe c t iv e  than 

some {Jiennocologyc&l agents In lowering serum lip ids* 

zavocal and his colleagues (1981)# conducted a study on 

fam ilia l ftypercholeoterolamla (FHC)* FHC is  associated 

with severe premature coronary artery disease# death 

and is  resistant to dietary treatment* So a special d iet

was devolopec to evaluate the li^id-lowering e ffe c t  of locust 

bean gum in food products fed to adults and children 

from fam ilies with fam ilia l hypercholesterolemia os a 

potential aid In preventing coronary artery disease* They 

found that to ta l cholesterol was lowered 11 per cent at 

four weeks* High density lipoproteins did not change*

The hdl/LDL ratios increased* There was no sign ificant 

side e ffe c ts  of the LOG diet* L9G in food products appears 

to  ue a safe# e ffe c t iv e  mans of lowering aarum li- id s  in 

normal anti hyparlipidemic members of fam ilia l hypercholes* 

terolemic fam ilies*



I l l ,  EXPERIMENTAL PPCCSrWRB

Tha main objective of th is study was to evaluate 

ana analyse tha cholesterol and trig lycarIdo altering 

proportiea# and also the hlstopathological changes of 

tha heart# aorta and liv e r  tissues in albino rat9 fed on 

Locust peenGum* the procedure Involved may ba categorised 

aat

A* Selection and grouping of animals*

S* Formulation of the diets*

C* Feeding and evaluating the e ffe c t  of Locust Bean Gum

Twenty four male albino rats were selected from the 

laboratory stock colony and grouped into four groups# and 

housed in individual cages* The rats selectee fo r  the experla­

ment were 60 days old* The rats were grouped such that 

the difference in weight allowed within the groups waa ± 5 gms 

and the difference between the group was + 1 gm* A 

number of scientists investigating on the lip id  profile# 

seem to have selected animals of d iffe ren t ranges of 

weight fo r  their studies* For example# Mathur e£ bJL (1979) 

used rata weighing between 130*200 grits# Kelley 100*120 gms* 

anti Anusaya Pevi &£ (1979) used albino rata weighing

200*2SO gms*



\9>

In this study rata weighing 130*150 gms were chosen* 

The study conducted in two phases. In the f i r s t  phase of 

the experiment, a l l  24 animals ware fed with an atherogenic 

d ie t fo r a period of 45 days. Food and water were 

provided libitum• At the end of this period, one rat* 

from* the group was sacrificed  and the l iv e r ,  heart and 

aorta were removed and prisered for the hiatopathologleal 

study.

In the second phase of the study, groups XI, I I I  and IV 

were fed the experimental d iets, namely Locust Bean Gum d iet 

a± 10 percent, 20 per cent, 30 per cent leve l respectively. 

Group I  was the control group, fed on a d iet containing 

skinrwsd milk powder, groundnut o i l ,  vitamin and mineral 

mixtures and starch* The d iet was fed at ad libitum fo r  

31 days (le> one month, and the animals sacrificed  at tha 

end of this phase, sampler, of the liv e r , heart and aorta 

were remove  ̂ and preserved in lO per cent formalin fo r  the 

his topath eg lea l study*

The sample of Locust Bean Gum wea f i r s t  analysed 

fo r  nitrogen content by macrokjeldal method (mtfj 1571) 

in tr ip lic a te , and the amount of protein (N2 x 6*25) 

determined.
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Totally f iv e  diets wars formulated fa r the i^ioie 

experimental period. These were the srthercgenic d iet 

and the d iet containing Locust Bean cum at three le ve ls , 

namely 10 per cent# 20 per cent and 30 par cent levels 

respectively* These three leve ls  were arrived at a fter 

conducting a preliminary fe a s ib ility  study in food 

products# incorporating Locust .:sean Cum at d ifferen t 

concertrations * Locust seen gum acceptance wss found 

to be good# up to 30 per cent leve l in a l l  the preparation.

The autherogenl d iet provided skim milk protein 

at 18 per cent le v e l. The exnerimental d iet was formulated 

in such a way# that the amount of protein supplied by 

lO per cent, 20 per cent and 30 per cent Locust Bean Gum was 

found out. The rest of the 18 par cent protein was 

supplied toy the skim milk oowder* Thus the experimental 

d ie t  also provided protein at 18 per cent leve l*

In the atherogenic diet# the source of fa t  wae 

coconut o i l  at a leve l of 20 oer cent UreeKumar and Kurup 

1©78). In the experimental diet® containing Locust assn 

Gum# ground nut o i l  at 8 per cent leve l was used as a 

source of fa t .  The reason fo r using ground nut o i l  as a 

source o f fa t  in tho second phase of the study# was to 

s tab ilise  cholesterol leve ls  as fa r as possible (Landes 

^  Si# 1 *W *
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The vitamin mixture (Appendix X) was supplied at 2 

par cant le v e l, and mineral mixture (Appendix X) at 4
I

par cant leve l respectively, to supply adequate quantities 

o f these nutrients. The rest of the w igh t was mads up 

with corn-starch. A ll the diets ware prepared at the 

start of the experiment and store/' in the deep f  reader. 

The detailed composition of these diets are presentee in 

Table X

TABLE X

PSfCHUTAGS CQHPUSXTXGN CF T*« ATHSB008HXC AMT EXPERIMENTAL
DIETS

experimental

Atherogenic control X XX XXI

Skim milk
powder 47.37 47.37 46.03 44.47 4 a «16

vitamin 2 2 2 2 2

Mineral 4 4 4 4 4

Fat 20(Coconut 
o i l )

9 9
(jj~ro u.r'ici vA"t

9
o.-O

9

starch 26.63 37.63 28.95 20.53 11.34

Locust Jean
Gum • • • * 10.00 20.00 30.00

Total loo loo 100 100 100
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c . aateg. f r n

1. yo°<3 intake

The animals were given food and water ad^libltum 

over/ day* Food fo r  each Individual animals were weighed 

out separately and transferred Into separate containers*

I t  was than mixed with suffileant water and steamed, to 

a serai-solid consistency* The food intake of the animals 

were assessed Joy the amount of food consumed every day*

The le f t  overs and s p ilt  food was cleaned of hair, 

excreta and placed in separate watch glasses and heated in * 

the even overnight, t i l l  completely dry* This dry rasas 

was weighed and substracted from the amount of food 

orig ina lly  given* Thus the actual Intake of food was 

calculated*

2 * iiatob2Las4a.t

height gain records were maintained by weighing the 

animals every fort-n igh t, to the nearest milligram*

The cholesterol leve ls  were estimated before starting 

the experiment, and then once in 13 days using Zak*s method 

(£ak, 193?)• The deta ils of the procedure is  given in 

Appendix XI*
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4 . Triglyceride leva lu
Iub trigl/cerid© la also a risk factor In atherosclerosis 

attempt was made to measure the serum trig lyceride  leve ls .

To anaura the in it ia l  triplycarIda leve ls , before tho 

start of tho experiment, on© rot was se lac tad at random, 

and blood was collected for normal trig lyceride  le ve l and 

estimated subsequently at the end of the atherogenic per i d , 

at the beginning of the experimental period, and la tte r  

evoryfortnight, t i l l  the termination of the experiment.

Blood was co llected from liv e  animals by cutting the t ip  of 

the t a i l ,  with a sharp blade, Tho cut end was then lowered 

into a clean teat tube, A piece of cotton dipped in xylene 

was rubbed over the wholo length of the t a l l  to fa c il ita te  

the flow  of b io d. xylene was used to d la lats the major 

vain* About 2 to 3 ml of blood was collected fo r  each 

animal by th is method* A fter collecting tho bleed, the 

cut end of the t a i l  was plugged with cotton dipped in detol.

From the blood co llected , the serum was separated and 

the estimation of cholesterol was done in duplicate, 

using Zak*s method (Zak 1957), as given in appendix XI.

5. lama**.
slides of heart, aorta and liv e r  tissues war? prepared 

by fix in g , dehydrating, embedding and 1 prognating in wax,



cutting one staining the tiaouo© with haanotoxyiin •  eoain 

for hiatopathological ooaarvetion. Micro pfcotograpy of 

the slides wara also taken.

The dot*1la of the procedure 1© given in 

Appendix XII.



IV RSSVLTS Mil DISCUSSI(H

The results obtained In this study pertaining to 

ths e ffe c t of Locust assn Gum on some physiological 

parameters In albino rats Is discussed under the 

following headingsi

£« Food Intaka 

o, Height gain 

C* Cholesterol levels 

D* Triglyceride leve ls

£• Histopethologlcal changes of the selected tissues 

** ^ . in t a k e s

The twenty four male albino rats selected were 

divided Into four groups according to  their weights and 

designated as groups X# XX# XXX and IV, In ths f i r s t  

phase a ll the twentyfour rate ware fed on an atherogenic 

dietary regimen and In the second phase, group X was 

fed on s normal d ie t, while groups XX, XXX and XV wars 

fed  on s d ie t containing Locust Bean Gum at 10 per cent,

20 per cent and 30 per cent leve ls  respectively* The food 

Intake record was maintained throughout the two bases*

Xt was noted that the food consumption on an average 

during the f i r s t  phase was around eight grama* The 

average Intake In group X was 3*^1 g*« In group XX was 

8*61 g . .  In group H I  waa 8.64 g * f and in group XV waa 8*36 g*
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Since the f i r s t  phase namely the atherogenic d iet 

phase ended a fter s ix  weeks* when considerable increase in 

cholesterol and trig lyceride leve ls  ware evidenced by a ll 

the rats# two rats wore sacrificed  one from group X and 

the other from group IV, in order to study the hiatopsth ©lo­

g ica l changes due to  the atherogenic diet*

The second phase of the experiment lasted for six  weeks# 

in the second phase of the study, group X was fed on a 

normal d ie t, consisting of akinroad milk powder* Group XI,XXZ 

and XV wars also fed on the same d ie t but, in addition, i t  

contained Locust aean Gum at lO per cent, 20 per cent and 

30 per cent leve ls  respectively. During this period, the 

food intake values was higher than those obtained in the 

atherogenic phase* A higher mean food intake was recorded 

by rats on the normal d iet (11.75G) than the rats on the 

L; oust Bean Gum diet* The mean food Intake of rats on the 

10 per cent, 20 per cent and 30 par cent Lccuat oean Gum were 

ll*07g*, 10*30g and 10*38g respectively* Figure 2 represents 

the food intake of the rate during the two phases*

\
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Table TSi depicts the to ta l weight gaina of the rate 

in d iffe ren t groups and in the two phases of the study•

Though there w n  variations in the weight of *nts# due to 

variation in weight within the group, the graph drawn does 

not shew much fluctuations, weekly gain in weight of ind lv lA ia l 

rats is  given in appendix V.

TABLE XXX

total weight gain (grams) or w s  pat3 xn this two chases op

THE EXPERIMENT

Phase

weight gain in grama Average
weight

Group
ra t 1 rat 2 rat 3 rat 4 rat 3 ra t 6 gain/week

X First 71.6 69.2 71.0 64.3 71.3 53.1 11.18

second - 31.6 32.3 33.3 33.1 40.7 5.7

XX First 39.3 27.6 48.4 31.9 64.6 61.7 8.13

second 33.S 34.6 27.0 29.8 31.5 23.1 4.99

XXX F irst 70.1 44.1 52.7 48.7 44.7 6 6 .6 9.08

second 23.8 27.3 26.8 26.0 16.1 23.4 4.09

XV F irst 64*0 23.3 63.7 38.9 53.9 35.9 8.33

socond - 23.2 24.5 24.7 24.1 24.2 4.09

In the f i r s t  phase of the study during which the rats
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wire maintained on an atherogenic d ie t, the animals in 

group X,XX,XXX and XV registered an average weight gain 

o f U*18 g*, 3*l$g«, 9*03g*, and 8*3Jg* per week 

respective ly# I t  was found that group X registered the 

maximum gain in body weight*

Xt was £ounti that as the food intake increased 

uoto the sixth week, the body weight also increased 

shewing a positive correlation (r  • +0,7009),

Xn the second phase the average weight gain fo r  

groupe X,XX,XXX and XV was 5,7 g , ,  4,99 g * , 4,09g*, 

and 4*09 g* per wo ?k respectively* Figure I I I  represents 

the pattern of weight gain in the two phases* soon a fter 

the sh ift  over from the f i r s t  phase, the food intake of 

the animals in a ll  -he groups increased as also the 

weight again indicating a positive correlation 

( r »  +0*963 fo r rate fed on control d ie t, r  »  +0,754 fo r  

rats fed on 10 per cent Locust Dean Gum d ie t, r  *  +0*9380 

fo r rats fed on 20 per cent Locust oean gum d ie t, and 

r *» +0*973 fo r  rats fed on 30 per cent Locust Bean Gum 

d ie t fo r  a l l  the d iets,

C«

The cholesterol leve ls  in a il  the four groups of rats 

were measured at the start of the experiment and then on
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the 30th find 4 5th day respectively, during fhase 1 .

Then onwards, the cholesterol level® were imiaaured overy 

fortn ight in phase XI. The niean in it ia l  cholesterol 

leve ls  of the rats are presented in Table IV* The 

deta ils  of the cholesterol values fo r  individual rata 

appears in appendix VI

T A 3L E  t V

meah cholesterol levels IN mg/iooml or BLOC© in  the TWO
E «A i>S3 .

Atherogenic Experimental
Group

35 days 45 days 15 days 30 days 43 days

I 200 310 277.5 244.3 235

I I 217*08 307*42 236*25 214.17 1)6.23

I I I 240 321.88 224.17 133.25 162.5

IV 211*42 317*71 192.5 155*4 134.3

mean in it ia l  lev^l *  86*5 tng/loo ml of Blood
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The serum cholesterol lovole of the individual rata 

during the atharagonic d ie t phase was soon to range iron 

157.5 mg/100 ml to 265 rag/ 1 0 0  ml o f blood, in the f i r s t  

month and 290 mg/100 ml to 347.5 mg/100 ml of blood at the 

end of the next 15 days, on an average during the f i r s t  

30 days, the serum cholesterol leve ls in group I ,  xx, XXX 

and XV ware 200 mg/100 ml, 217.08 rag/100 ml, 240 mg/100 ml 

and 211.42 mg/100 ml respectively. At the and of phase X 

(45 days) i t  further increased to 310 rag/ioo ml, 307.42 mg/ 

loo ml, 321.88 mg/100 ml and 317.71 mg/100 ml o f blood 

respectively Box the four groups.

In the second phase of the study, rats in group x 

ware placed on a normal d ie t  of skim milk powder, fa t ,  

starch, vitamin end mineral mixture. Groups XX , XXI and xv 

ware placed on a d ie t containing 10  per cent, 20 per cent 

and 30 per cent Locust seen Gun respectively. The d iet 

was fed  for a period of 45 days. Once in a fortn ight the 

serum cholesterol leve ls  were analysed.

The average cholesterol leve ls in  the an Inals of 

group X decreased, but not to the extent found in group XX, 

XXX and XV. The cholesterol leve ls  of group X had fa llen  

from 310 mg/100 ml to 277.5 rag/100 ml, group XX from 307.42 

mg/100 ml and group XV from 317.71 rag/lOO ml to 192.5 mg/ 

loo ml at blood, at the end of the f i r s t  15 days. A fter 

30 days the cholesterol leve ls  had further decreased to
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244#3 mg/100 ml In group Z, 214*17 mg/100 ml in group II#  

133*23 mg/ 1 0 0  ml in group I I I  and 133*4 mg/ 1 0 0  ml in 

group XV. At the and at phims I I  (43 days) the cholesterol 

leve ls  further# dscreaeed to 233 mg/100 ml fo r group Z# 

186*23 mg/100 ml fo r group ZZ# 162*3 mg/100 ml for group ZZX 

and 134*3 mg/100 ml of blood fo r  group ZV* These deta il*  

are depleted in Figure 4*

The s ta t is t ic a l comparison of cholesterol levels,

between the atherogenic phase and experimental phase in» v
groups z# ZZ# ZZZ and ZV ware dom using paired *t* teat* 

comparison in cholesterol values between the normal diet#

10 per cent# 20 per cent# 30 per cent Locust aean Gun 

d iets and between 13th# 3oth and 45th days in phaira ZZ were 

also made# using *t* test* The data is  presented in 

Table V*

<
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l.
I t  is  evident that there Is  a highly significant 

(P  (  0*01) difference for a l l  three levels of the Locust 

Bean oura d iets, in the cholesterol leve ls , when compared to  

the atherogenic phase ct the same animals*

Whan the Locust Lean Gum was fed to rats incorporated st 

the d ifferen t leve ls , and samples cerapared fo r  the 

cholesterol lowering e ffe c t  i t  is  evident that there is a 

highly s ign ifican t d ifference between the groups during 

the f i r s t  IS days cf phase I I  (P ^ 0 *0 1 ) • However, by the 

30th day and 4Sth day, the s ta t is t ic a l analysis between the 

experimental groups was sign ifican t and the cholesterol 

levels of rats fed  on the Locust bean Gum d ie t showed 

reduced leve ls of cholesterol than the animals on normal 

d iet* There was also sign ificant d ifference in the
ii

cholesterol leve ls  between the atherogenic and the 

experliesntal groups,

When days wore compared fo r  a l l  the d iets fed as 

the period icity increased, there was sign i f  leant 

difference in blood cholesterol le ve ls . These results 

are in Table v i*
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TA3LS VZ

STATISTICAL COMPAT ISOS Of CH0LSST1S8OL LEVELS 8BTH2SM
- ummss. iM LAYS

SO -TOS Of CGBtpWdLSOR ♦t* VAlUSS

.tfia ftrara.

B w i l i t m
IS days vs 30 days 
IS days Vs 45 days

30 days Vs 43 days

jgtfsj&sm
IS days Vs 30 days 
IS days Vs 43 days

30 days vs 43 days

ifo.ibm;
13 days Vs 30 clays 
IS days Vs 43 days

30 days vs 43 days

13 days Vs 30 days 
13 days Vs 43 days

30 days vs 45 days

6.26$**
4,8871**

1*3861

8*1867**
14*0003**

6.2133**

7,2416**
18.8533**

4,973**

10*5967**
13.3307**

9*3203**

* • * * • * • » * • * * * * • * • * * * > * * « « • • * * ■ •
** sign&f leant at one par cant leve l 
* s ign ificant s t f iv e  per cont leve l



rasulte are in tun® with the result* reports*

In the litera tu re (Fabrenbach a^. 1966) and Lavellle , 
1977),

Chen and Anderson (1979), Nish a and oharma U930) 

and ’ avarol o£ a^. (1931) have suggested that the 

cholesterol lowering e ffe c t  of pectin, guar gum and sim ilar 

products ro<y ba dus to the soluble plant fib res , which 

bind b ile  acids (story and Kritchevsky, 1976), thereby 

preventing their absorption and hence removing their 

inhibitory e f fe c t  on cholesterol conversion to  b ile  adds, 

then the food intake and cholesterol leve ls  of the animals 

were compared, i t  wa s found that in the atherogenic 

phase, as the food intake increased, the cholesterol leve l 

also increased, showing a positive correlation ( r  •  +0 *9693) • 

In the experimental phase, as the fcheef food intake 

increased, the cholesterol leve l came down as shown by the 

negative correlation (r  -  -0.9513 fo r normal d ie t , 

r  «  -0.9395 fo r  10  per cent Locust seen Gum d iet

r  *  -0.9759 fo r  20 per cent Locust Joan Gum d iet and

r  m -0.9347 fo r 30 per cent Locust Jean Gtm d ie t ) ,  thus

showing the effectiveness of Locust Bean Gtm on sartm 

cholesterol leve ls of blood. Table V II ahows the relationship

between food intake, weight gain and cholesterol 1 *vel in 
both the phase*
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?ABLB V II

STATISTICAL COMPARISON Of GROUPS Ft®. FOOD XHTAKR, tiiSXGHT 
GAX» M*D CH©l,SSTg*?OL LSVBLS

Groups compered
correlation 

c o n f id e n t  *r*

Atherogenic Diet 

Normal d ie t

D iet containing 10 par cant Locust 
1 Bean Gura
l

Diet containing 20 per cunt Locust 
aaen Gum

Diet containing 3D par otnfc Locust 
Scan Gum

4 0.9693 

~ 0.9913

-  0.9895

-  0.9759

-  0.984?

Fiterogafiic Diet 

Noon&l Diet

Dlat containing 10 per cunt Locust 
Bean Gum

L is t containing 20 per ©ant Locust 
Been Gum

Diet contain ids 30 per cent Locust
Been Gum

4 0.3880 

•  0.9970

•0.8776

•  0.9898

*  0.9802
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Ttwi relationship between weight gain and cholesterol 

was also calculated. The o^gjorl nental groups showed 

negative correlation emphasizing the h/pocholasterolaraic 

e ffe c t  of locust Bean gum.

D* Triglyceride Levs la f

Elevated fasting plasma concentration of trig lycerides 

is  an independent and important risk factor than chotesterol 

in myocardial in farction ( J m ,  1974). settm trig lyceride  

are b io log ica lly  related to  !*m~cholasterol( Lancet, 1979) . 

Hence in the preaont study i t  was also of in terest to  

evaluate the trig lyceride leve ls  of randomly selected 

rats. Hie data obtained fo r  a ll the groups is  given in 

Table V l l l .

TASL8 VXXX

TRIGLVC3rXD2 LgVSLS Cf* WE SSLECT3D RATS

s.Ho. Diet Triglyceride level
mg/lOG ml of blood

1. Stock d ie t 33

2. Atherogenic d ie t 290

3. Normal d ie t 220

4. 10 per cent Locust Bean Gum d ie t too

5. 20 per cent Locust Bean Qua d ie t UO

6 . 30 per cant Locust dean Gum d ie t 84
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Triglyceride levels .showed • sim ilar trend lik e  

cholesterol. Among the experimental d iets, the 30  per aent 

Locust Bam Gum d ie t showed tr ig lyceride  love l almost on 

per with the normal d ievo l. A ll the trig lyceride  values 

obtained a fter feeding the experimental d iet were much 

lower than the atherogenic d ie t phase.

*• m »tQ P B *t»o l* il«l ChanoM ct th« sal l o w  TU wwm

The l iv e r ,  heart and aorta of the animals sacrificed  

at the end of t) e f i r s t  ond second phases respectively were 

subject to histonatholcgical examination*

The findings of the study laj^iscusaed belows

E&S&ftM

in the f i r s t  oh see of the experimental period, a l l  the 

animal® were maintained on an atherogenic d ie t . Microscopic 

examination of the h :art muscle with adj ining root of the 

aorta (Figure 5) show that tha endothelium and subcodetheliel 

layers are thickened with deposits o f lip id  and cholesterol* 

There la damage to the subendothelial e la s tic  laminae with 

myxomatous damage, with small round c e ll  In filtra t io n  and 

cap illary ingrowth indicating athranatous degeneration*

The cardiac muscles show typical myocarditis, and are 

at places replaced by hyaline and fibrous matrix with d iffuse 

lymphatic and plasma c o ll in filtra tio n . The coronary arteries
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shorn thickened endothelium with eubondothelial accumulation 

oi Cat ca lls , and clear spaces with lip id *

.Microscopic section of the aorta, at i t s  base shows 

plagues of atherosclerosis* Thickening of the intime, at 

places, ruptrued and protruding into the lumen* Beneath the 

affected intina, there ere veculated spaces inbotween the 

internal e la s tic  luemnaa. These spaces are suggestive of 

accumulation of lip id  materials* There is  also clear areas 

of cartilaginous rsvataplacin of the valve at the root of the 

aorta* There ore areas ot foca l aecunuitstion o f lymphocitic 

c o ll  in filtra tio n  and now cap illary formation around the 

athcaoauiuo plagues* This is  suggestive of grade I 

athaioeclarosio* Figure 6 depicts the deta ils  of the finding*

This is  indicative of the fa c t that a high coconut o i l  

d ie t of th s order o f 20 per cent given fo r  a period of 60 

days la  capable of induing plague formation in the arteries 

of the rat* This is  in line with the results of Karita ££ || 

( I t 79) tho have indicated that a dietary reg ion  containing 

cholesterol 3 per cent, coconut o i l  i,S  per cent and th lourecil 

25 mg/ioo gm body weight provided fo r  a period o£ two months 

Induced sc le ro tic  plague formation in the aorta and also 

raised cholesterol levels to the order of 250 ~ 300 mg/ioo ml 

from an in it ia l  le ve l of 96*97 £  3*02 ng/lOO ml*

in the f i r s t  phase a ll  the rats showed high increments 

In cholesterol levels (325 mg/100 ml) which might be one of 

the reasons why plague formation had developed in the aorta*
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The l iv e r  tissues In th is group d iffered  from the 

normal in that i t  showed w ry  much d ila ted  inter-lobular 

vein but the sinusoidal spaces are narrowed fay the swollen 

parenchymal l iv e r  co lls  and showing atrophy# At place* the 

atrophied l iv e r  c e lls  axe replaced fay globular fa t  cells# 

showing a generalised picture o f fa tty  in filtra tio n  of Hear# 

Figure 7 indicates the fa tty  degeneration of the l iv e r  with 

mild hepatitis#

P h .m -U i

Animals in group X were placed on an atherogenic d iet 

in the f i r a t  phase of the study and eubeequ’ fitly  placed on 

a normal diet#

Microscopic examination of the longitudinal section of 

the base of the aorta showing loca l thickening# and bulging 

into the lumen# with vaculatad spaces in the sub-endothelial 

e la s tic  laminae. These spaces are probably due to  

accumulation o f lipid# Tunica in time is  f i l l e d  with fa tty  

cells#  There ie  a mild lyraphocitic in filtra t io n  at places 

(Figure a) *

*ihe microscopic picture of the heart muscles shows a 

marked in filtra tio n  and accumulation d  lymphocytes and 

places c e lls  a t places baneath tha endothelial lin ing of the







lumen# indicating mild myocarditis* : ub-»endcthelial and 

myocardial focus of fib ros is  arc seen vlth capillary versa la 

transverslng tha area# replacing the part of rayocardltm*

The lumen of tha coronary or tar las are irregular shoving 

protrusion of tha atheremattts plagues into tha lumen* Tha 

subendothelial e la s t ic  tissues is  in filte red  with eccentric 

nucleated fa t  c e l l  end empty spaces with cholesterol and

lip ids  (Figure 9)*»
The l iv e r  of th is group revealed enlarged sinusoid!al 

spaces* Parenchymal c e lls  are grouped into columns with 

no Rtotphalogical changes* The in ter lobular veins are 

f i l l e d  with red blood ce l Is# showing a gane'olised congested 

l iv e r  (Figure 10) • At places# fatty vacuolatlon and 

degeneration of the l iv e r  c e lls  are seen# Indicative o f 

mild fa tty  degeneration*

44

Rats in th is group were fed  on an atherogenic d ie t  

fo r  45 days and then subsequently fed on a lO per cant Locust 

**esn dum diet*

A ll the sections through the heart appeared to  be 

normal* The coronary vessels showed normal histology with 

no fa t  co lls  or ln tc rs te tia l vacuolatlon in the artery walls 

(Figure 11) •
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"In  the l iv e r  enlarged sinusoidal spaces wars seen* 

Comparatively lass fa t  ca lls  vara soon* Though the parenchymal 

c e lls  ware grouped Into columns# there sere no morphological 

changes* The liv e r  shoved s ligh t congestion (Figure 12) •

fiats in group XXX and ZV vere in it ia l ly  led on an 

athsoganlc d ie t  fiot 4S days! and stAxieouently placed on a 

20 per cent and 30 per cent Locust aean Gum d ie t  respectively*

A ll  the sections through the heart appeared to be 

normal* Microscopic sections of the base of the aorta with 

adjoining l e f t  ventricle# the endothelial lin ing and the 

endocardial layers are normal* The lntlma end media of the 

aorta and the coronary vessels -nd the muscles of ths myoeardltM 

of the heart also appeared normal (Figure 13 and 14)* Ths 

coronary vessels showed normal histology with no fa t  ca lls  

or in ters ta tio l vacuolation in the artery walls*

The microscopic picture of the l iv e r  of group xxx# shoved 

mild congestion (Figure IS) • aut the l iv e r  in group XV 

appeared to be normal (Figure 16) •

The above observations and discussions brings cut the 

fa c t that Lc cost dean Qua (s legume) is indeed a ffec tive  in 

bringing cown the cholesterol level# which is one of the n «x  

factors in coronary heart disease*

The his to pathological pictures revealed that from a very





atherogenic picture, the Locust Bean Gun, restored the 

heart, l iv e r  and aorta to a normal h istology. I t  

s ign ifican tly  modified the fa tty  In filtra t ion  In the l iv e r  

co lls* i t  brings out the role of Locust been gur as 

hypocholesterolomic agent* Locust Bean Oum is not very 

popularly used, but being ouch a potential twpocholestaro- 

laralc agont, should be promoted fo r popular use in various 

food items* In both home-made end commercial food Items, 

I t  can be incorporated at higher leve ls  in items lik e  ice­

cream mixes and thus enabling consumption o f a l l  such 

banned foods even by high risk populations•



V. SUMMARY AMD CONCLUSION

This study investigate on the e f fe c t  of Locust 

assn Cm on scrum Cholesterol Levels, Triglyceride Levels 

and Histopath ©logical Alterations in the heart. Aorta and 

Liver of Alibino rats*

Twenty four albino rats were a e lse tad weighing 130 -  iso 

grams and wore grouped into four d ifferen t groups, and 

designated as groups X, XX, xxx snd XV. A ll the rats were 

administered atherogenl d ie t fo r  a period of 43 days, during 

irfiieh time the food intake and weight gain waa recorded* 

immediately a fte r  the oompletion of the f i r s t  phase, two rats 

were sacrificed  snd the heart, aorta snd l iv e r  were removed 

and preserved fo r  histopathologicai analysis*

In the second phase of the group X was fed  on s normal 

d ie t , croupe IX, H I  and XV were fed on a d ie t containing 10  

per cent, 20 per cant and 30 per cent Locust bean Giaa 

respectively* This phase lasted fo r  43 days*

Tfoe serum cholesterol leve ls  were analysed every month 

during the atherogenic phase and every fortn ight dinting the 

second phase* one ra t in each group was randomly selected 

snd serum trig lycerid e  leve l wes estimated at the end of each 

phase*

The animals were sacrificed  at the end of the ztuOf and



l iv e r ,  heart, and aorta ware removed fo r hlstopatholeglcal 

study.

The results cf this study revealed that

1, The average daily f  ood intake fo r  group X was 

3*®1 g « ,  group ix  was 3.61 g , # group xxx was 

8,34 g « ,  and group XV was 8,56 g . ,  during the 

f i r s t  phase. In the second phase the average 

food intake was 11,75 fo r  group x« 11,07 g for 

group XI, 10,50 g fo r  group XXX, and 10,33 g fo r 

group XV,

2, luring the f i r a t  phase, the rats in groups X, XX,

XX and XV registered an average weight gain of 

11*18 g , ,  8,15 g « ,  9,08 g . and 8,33 g respectively 

and in the second phase 9,7 g , ,  4,99 g . ,  40,^9 g , ,  

and 4,09 g , respectively, showing a poaltivs 

correlation between food Intake and weight gain in 

a l l  the groups In both the phases,

3, At the end of phase X, the cholesterol leve l raised 

to 310 ag/100 m l,, 307,42 mg/100 ml, 321,33 mg/100 ml, 

and 217,71 rag/100 ml fo r  groups I ,  XX, XXX and XV 

respectively, showing the ro le  of coconut o i l ,  in 

raising the blood cholesterol ls v e l,

4, At the end of the second phase the cholesterol le ve l 

came down to  235 mg/100 ml, 186,25 mg/100 ml, 162,5 

mg/100 ml, and 134,5 ragllOO ml fo r  groups X, XX, XXX 

and XV respectively. The f a l l  in serum cholesterol



la ve l*  was sign ificant <P<^o*Oi> fo r  aU groins.

t îon the days ware compared fo r  a i l  d iets ( ie *  

normal diet# 10  per cent# 20 per cant# 30 per cent 

locust aean Gum d ie t) * aa the periodicity 

increased there was s ta t is t ic a lly  s ign ifican t 

d ifference in the cholesterol lovols within the 

sample • ■* .. ■ » i
As the percentage o f Locust Bean Gum in the d ie t 

Increased# the trig lyceride  le v e l in the blood 

decreased (2 2 0  mg/ioo ml Bor normal diet# 180 mg/ 

loo ml# 1 1 0  me/lOO mi and 84 mg/ioo ml for rats ' 

fed  on io  per cent# 20 per cent# 30 per cant Locust 

Bean Gum d ie t  respectively) •

seeding coconut o i l  f  or ,a period of 49 days in i used 

plagues formation# with thickening o f endothelial 

and subendothellal layers# There was accumulation 

of fa t  c e lls  in the intiraal lin ing of tha aorta# 

and vaculated spaces between the internal e lastic  

iaemnae# suggestive o f fs t  accumulation* The 

l iv e r  tissue showed a d ilated inter*lobular vein# 

with narrowing of the slnusodial spaces and 

atrophied liv e r  cells# replaced by globular fa t  

c e lls *
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8 * liurlflQ the second phase groan z pat* on normal
•’ - 

d ie t  showed the same picture as the sthregenie

group in their histophathology but to  a leaser

degree* The liv e r  o f this group showed mild

fa tt/  degeneration*

9. The hlstopathologlcal studies of group I I  rata 

fed 10 per cent Locust 3aan Gum d ie t  showed 

that the sections through the heart appeared 

to ha normal* The coronary vessels were also 

normal* But the l iv e r  showed enlarged 

sinusoidal spaces hut comparatively less fa t  

ca lls  with s ligh t

2he forgoing discussions indicate the beneficial e ffe c t  

o f Locust bean Gum in bringing clown the serum Cholesterol and 

tr ig lyceride  leve ls  and restoration of normal histology of 

the organelles lik e  liver# heart and aorta* Hence# i t  is 

recommended that the not so commonly used legumes lik e  locust 

bean gum may be popularised and the incorporated in aa many 

home-made and commercial food 1  tenia > was to  emtolc even the 

high risk population groups to consume a variety of food 

items* Further# studies on higher levels of incorporation 

of the legume and evaluation o f incorporated food products fo r  

their hypochodesterolactic e f fe c t  is recommended*
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APPgNMX X

COMPOSITION or VXTAMIM AMP MXNBRAI* MXXTW £S

Vitamin mixture Par 1 gm Mineral mixture Per 100 gms

Vitamin A • * 100 X.9 Sodium chloride 13.93 0

Vitamin D * * i o o  x . g potaeeium 
dihydrogen 
ortho shoe photo 3 8 * 9 g

vitamin B • » lO X.tJ calcium carbonate 33*14 g

Vitamin K • a •SO mg Magnesium sulphate 3.73 g

Thiaraina • • •SO mg Ferrous sulphate 2*7 g

Riboflavin *  • 1*0 mg Manganese sulphate .401 g

pyridoxin* • • •40 mg Potassium iodide .070 9

Pantothenic
acid • « 4*0 td Q Copper sulphate .0477 9

Niacin ♦ ♦ 4*0 mg Bine sulphate
m

.034 9

Choline • • 200 mg cobalts choioride .023 9

inoa ito l * • 2S mg

Para amino 
sbnsolc acid • lO mg

Vitamin » 12 • 0 2*0 mg

Biotin 0  0 0*02 mg

Folic  acid 0  0 0*2 mg



APPSNrlX XX

2 AK*S mrnULf FOR lff£ ESTIMATION OF CHOLESTEROL

Ua*
To aatimate the amount of cholesterol pr«w nt In the 

serum*

F i lr a to i i i
cholesterol reacts with fe r r ic  chloride in tho presence 

of concentrated sulphuric acid to give s pink colour* Tho 

Intensity of the colour developed is d irectly  proportional to 

tho amount of cholesterol present and is read at 340 mg in a 

colorimeter* 

p canon tat

!•  fftfiggSfel.

840 mg of pure dry fe r r ic  chloride waa weighed and 

dissolved in 100 ml of g la c ia l accetic acid*

2. Ferric chloride ^raelPltafetog tafgflflM

10 mg of the stock fe r r ic  chloride reagent in a 100 ml 

standard flask and made up to the mark with pure g la c ia l acetic 

acid*

3 .

3*5 ml o f stock fe r r ic  chloride is <1 luted to 100ml 

with pure g la c ia l acetic acid in a 100 ml standard flask*

loo mg of pure dry cholesterol is placed in a clean dry 

loo ml standard flask , dissolved in g la c ia l acetic acid, then 

made upto the nark with pure g la c ia l acetic acid*



5. working standard!

10*0 ml of tha stock standard was placed In 100 ml 

standard flask containing 0*35 ail of fe r r ic  chi or Ida stock 

regent and made upto the nark with pure g la c ia l acetic 

acid* 100 ml of this solution contain® loo mg of cholesterol.

Procedure*

0*3 to 2*5 ml of the working cholesterol standard 

solution wore pipetted out into a clean dry test-tube. The 

to ta l of each tube was made upto 5*0 ml with fe r r ic  chloride 

diluting agent*

To 0*1 ml of the serum added 4.9 ml of fe r r ic  chloride 

precipitating reagent and mixed well* allowed to stand 

fo r  a while and centrifuged* Transferred 2*5 ml of the 

clean suppernatent into a clean dry test tube and ad<%d 

2*5 ml of fe r r ic  chloride diluting agent* mixed well* The 

tea t tubes ware allowed to come to the room tampereturs • A 

blank waa also simultaneously prepared by taking 5*0 ml of the 

diluting reagent* Add 4.0 ml of concentrated sulphuric acid* 

A fter 30 minutes the Intensity of the colour developed was 

read at 540 mg using the control as balank.



t o

Solution concentration
volume in mi in

Blank —

Standard

0*5 50

1*0 100

1*1*3 150

2*0 200 >

2*3 250

usrum

2.3

2.5

Volume of 
Feci, d l l  
reagent ml*

volume of 
cone. 

H2ao4 ml

K iett
reading

S.O 4.0 0

4*3 4.0

4.0 4.0

3*5 4.0

3.0 4.0

2.5 4.0

2.5 4.0

?.3 4.0

Calculation!

K lott x co ires poorly t o T  of cholesterol 2*3 ml o f diluted , 

•drum contains Y of cholestero l•

2«i ml of the supernatant contains 0*01 ml of scrum*

(la ) 0*01 ml of serum contains Y of cholesterol 

. loo ml of serum contains Y x loo
oral — p ro

no/ral o£ d io ls tU to l*



APPgNl IX SIX

HI ST c PATH QLuICAL T2CHNXC>»S&

The general preparation of tissue consists of t U ) fixa tion

(2) 0«hydr*tlcn (3) clouting (4) In filtra tion  am! impregnation 

(5) ^mbedoing or casting or blocking.

<*> U **h k & i

I t  is  essential that tissues to fixed  as soon as 

possible a fter <ieath or removal from the body to - revent putri- 

faction and autolysis* Fixing also helps to  preserve* harden* 

so lid ify  co llo id  material and halos in op tics ! d ifferen tia tion  

of tissue components* .

Usually 10 per cent formalin or s ligh tly  higher 

concentrations are used to preserve s ' sc linens*

Formalin (40 per cant formaldehyde) 10ml 

D is tilled  water yoml

Tissues should be completely lameraed in the f ix a tiv e  solution*

(2> W ta n U s m .

After fixa tion  delicate tissues need ft© be dehydrated 

slowly* starting in 30 per cant ethyl alcohol* The tissues 

are then placed in 70 per cent* 96 per cent, ami loo per cent 

alcohol fo r 2 - 4  hours in each solution* The volume of the 

reagent should be 30 -  100 times the bulk of the s eciman* 

seofre transferring to the next concentration of alcohol* the 

tissue is  la id  on a piece of f i l t e r  paper and ligh tly  blotted 

to  remove excess flu id *



meet common clearing agents in use are 

chloroform, benzene, xylene (x y lo l ) ,  toluene, carbon tetra­

chloride and coder wood o il*

small pieces cf tissue are cleared within a •  4 hours of 

immersing in xylene* “1110 tissue becomes clearer es the 

alcohol is  replace4 owing to the difference in re fractive  

index*

Tissues fo r  clearing should be ligh tly  blotted during 

transfer from one reagent to the next. The volume of clearing 

in xylene should be SO -  100 times that of the tissues*

Tissues cleared in xylene should be given one change a fter 

3 0 -6 0  minutes and transferred to  wax whan they are seen 

to  be clear (translucent)*

(4> iaesMsss**? w»?.
impregnation with wax (paraffin ) takes place in an 

oven heated to 54 -  60°c* The temperature of the paraffin 

wax must ba maintained at 58 -  60°c*

M ter b lotting with f i l t e r  paper, the tissue is  

transferred from the clearing agent to molten oareffin  wax* The 

volume of wax should be about 25 -  30 times the volume of the 

tissue and must be changed at least once during i  pregnation*

The change is  e ffected  by simply l i f t in g  the tissue from 

one pot of wax to  the next with warmed forceps*

m M m .m  .WofeteBi

Tissue is  blocked by transferring i t  from the fin a l wax 

bath to a mould f i l l e d  with molten wax, inverting the tissue



to freu the surface to be cut from a ir  bubbles end oriented 

so that this surface rests on the base of the mould. The 

block is then quickly cooled.

S U M *  ,H  » «  W«..gH» * 9 w? f e t i c a .

T r l l a o  th . b l^ck i

then cutting sections on microtomes, blocks must fix.at be 

trimmed and fixed  tp wooden b i l le t s ,  wax is  then rmoved with 

a sharp knife until 1/8 inch remains on a l l  sides of the tissues. 

Great care is  necessary to avoid exposing the tissue at any 

point, arid th© edges of the block should be made par e l lad so 

that an average ribbon of sections result* The surface of the 

block which is  to  be cut should be trimmed on the microtone 

during the preliminary cutting.

only small flakes of wax should be trimmed at a timet 

trimming largo pieces can lead to sp littin g  of the block and 

exposure of the tlsouaf thi.; w il l  en tail rebl eking in fresh wax* 

IlAlAfl the block an thg aicr tonei

when using a microtome with a f le e t  metal stage on which 

the block can be fixed  d ire c t ly , a wooden handle sp atu ala. or a 

metal scalped which has bran inserted Into a wooden handle le  

heated in a bunsan burner, then hot. but not red hot this is 
applied to  the undersicks of the blcck and to a layer of wax on 

the stage until the two wax surfaces melt, when they are 

quickly end firm ly pressed together*

The surface of the wooden f i l l e t  is f i r s t  serrated with 

a saw or a scalpel end coated with not wax* The blcck of the 

tissue le  then attached to the wood in a manner dascribed ear lie:

V



The wooden f i l l  i t  la than mounted in a clamp type holder on a 
microtome*

(1) Fix the block in the block holder on the microtome In 

such a position that i t  w il l  be clear o£ the knife when this 

is  in position*

(2) Turn bock the food mechanism on th > microtome almost 

as fa r  as i t  w ill go*

(3) insert the appropriate knife holder and ccreq i t  tigh tly  in 

position* check that the t i l t  of the knife is  set at a correct 

angle ( i f  this is  adjustable) * I f  i t  is  intended to use the 

knife obliquely* the movable knife holder should be adjusted

in tiie desired position*

(4) Move the block holder forward or upward* or adjust

the fa  d mechanism until the wax b l ck la -'lmoat touching the 

knife* Ensure that the shole surface of the block w ill move 

para lle l to the edge of the knife* and that the leading edge 

of the block is  a*moot para lle l to the edge of the knife in 

order to  ensure a straight ribbon of sections*

(5) Tighten a l l  the adjusting screws on the microtome* Faults 

in section cutting are most frequently due to the looseness o f 

the block or the knife in the early stages of section cutting 

than to any other reason*

(a) To trim the block set the section thickness gauge to  about 

IS microne and with the rough knife «• or one end of a large knife
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which Is kept fo r  trimming •  in position ,. operate the microtome 

until complete sections of the tiisu@8 are being cut*

(7) Replace the rough kinfa by a sharp one, or move the knife 

to  a new position, chock that i t  i® screwed tigh tly  in position, 

Back the feed mechanism block a l i t t l e  to  a ll  v fo r  a light 

difference® *hich always ex ist in d ifferen t knives, end even 

in d ifferen t parts of the earns knife* apply i t  to the surface 

of the block and wipe the surface tre ; of water* this is optimal, 

but make® f la t  even sections easier to  cut*

(8>

For routine work 6 microns w ill give moderabla thin 

auctions with ease of cutting*

($) Hie microtome is  now operated until complete sections are 

being cut* .

(to ) Routine sections may be la id  in small cardboard boxes or 

d irectly  foloated on to a slide* small cardboard boxes on 

which the number or the name of the tissue is  marked in pencil 

asm useful

(11) cutting is normally only continued until su ffic ien t perfect 

sections have been produced. The free  end o f each ribbon is  

supported either with fin e  forceps or with the fingers until 

i t  is about 18 inches in length* the ribbon is  then freed from 

the knife by bringing a dissecting needle up under the last 

section* i t  must be allowed to touch the cutting edge of 

the knife* The section® are then la id  on back paper and should



'o9  fixed  in position by gentle pressure with a ginger at 

each and of the ribbon to avoid them baing scattered by 

stray draughts*

rJ M ^ & a j^ c t ta a a  M & m
curing catting* paraffin  wax embedded sections bocowa 

s ligh tly  creased* aefore baing attached to slides these 

crtasos must bo removed and the section flattaned* and this la 

achieved by floating them on warm water CSCV60°C) * by on® of 

the following throe methods! ,

Thermostatically controlled batha with inside coloured 

block are maintain ed at a temperature* 3 - 6  degrees bel> w 

the melting point of the paraffin wax* or an enamel or glaaa 

bowl f i l l e d  to the brim with a correct temperature tmy be need*i

Air bubbles forming on the bottom of the dish must be d ia l edged 

with fingers o* by vibration*

sections are divided with a ecalpol into lengths cootaniaat 

to  go one e lide* usually single sections or 3—4 small sections* 

Boom must be l e f t  at each end of the slide* for a label or one 

aide* and space on the other side to orevant any d iff ic u lty  

td*on examining them under the microscope# I t  is  perferable to 

leave 3/4 inch fo r  the label and 1/2 inch at the other end#

Th* sections or section© are l i f t e d  o ff the i>3nch and on 

to the surfaces of the water by Inserting the point of a dlasectin 

needle into the wax at one end* care baing taken not to  damage 

the tissues during the peeparatlon# . .
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I f  c ceases In the g<sction do not disappear immediately 

after contact with water# dissecting neodlss should be used 

to tease them out by applying one to each side of a crease 

with a gentle pressure*

k clear or albumin ised (the albumin la prepared by mixing 

albumin of the off with glycerine# and this is applied as 

a very thin coat on to the slides and allowed to dry)* Slide 

Is half submerged In the water# and with a dissecting needle 

the section in brought Into contact with it* v ith the needle the 

section is than oriental on the elide by withdrawing the 

slide and bringing the flatt.ei.nod section with It* It  is 

important that only the wax edge bu touched wit” the needle 

and that this operation be carried out while there is s t i l l  

water on the slid  ?s* The slide Is then set In an upright 

position to drain the mounted sections may than be le ft  In 

the incubator at a temperature of 37°C overnight to dry and 

are ready for staining*

FQt fttaae method*

Hot stages ere available commercially with a specially 

shaped metal top which is heater and maintained at 45-50°c* 

k clear or albuminized slide is laid on the hot stage# flooded 

with distilled water and the section or sections are laid 

on the surface of the water* creases should be teased out 

with needles or forceps and the slides le ft for a few 

moments to get warm* The crease w ill flatten out due to 

the heat# when completely flat,the slide is removed from



the hot. pit to* the excess water ia drained off and the 

section oriented into the correct -osition. It  is then 

returned to the stage# section downwards to prevent dust 

from settling on it  end le ft  for 30 minutes. The section is 

tt'sn ready £o*. a taint no*

A clean or alburolnated slide is flooded with distilled  

water# sections are laid on the surface and with the major 

creases removed the slide is Held over a bunsen burner for 

a second or two to slowly warm the water. If necessary a 

second heading is given out the wax must not be melted 

during this operation. The creases will flatten out during 

this process# following which the excess water is drained 

off and the slick* put into the oven at a temperature of 

37°C or Hi°G to dry. ihe section is reedy for staining, 

atayes in staining
(1) Removal of wax with xylal (2) Hydration with 

graded alcohols (3) staining (4) Dehydration through graded 

alcolols (5) Clearing with xyl 1 (6) mounting under a cover 

slip .

(1) i^ttowal of. wax*.

Sections ar3 placed in xylol for 1-2 minutes to 

dissolve the wax

The section is taken out of xylol ( i t  should



appeal? quit* clear) and I t  Is transferred to absolute 

alcohol fox 1 minute# when i t  w il l  become opaque*

The section is  removed from absolute alcohol drained and 

placed in cO per cant alcohol fo r 1 minute*

Sections fixed  In formation should be rarnvad from 

alcohol# placed in p icric  alcohol (Saturated solution of p icric  

acid in alcohol) for 5-10 minutes# followed by the washing 

in the s lide  tray fo r  lO minutes* The sections are then 

transferred to fO par cent alcohol of 2 minutes*

(3) atalnlnqt

(a) ~ lio*s  are transferred. from O er cent alcohol 

s ites  hydration to hajmatOK/lin and l e f t  fo r  10-40 minutes*

(b) slides after draining off e c-iaa baamatoeylin# are tranaferre 

to the slide washing th jy an washed until the sections are 

blue (when fir s t  removed from the haematox/lin they are pink) • 

This takes ac-cut 10 minui.ee in tap water and is kncwn es 

"bluing sections"* (c) Sections are dipped into acid alcohol 

where they axe agitated for a few eacondc and returned to th 

slide washing troy until blue again* They sh uld be observed 

under low power of the staining microscope to ensure that they 

are sufficiently differentiated* (d) I f  the soutione '

are aider differentiated it  is again r'turned to the acid alcohol 

for a short period! if over differentiated (nuclei too pale) 

the auction is rinsed in distilled water said returned to the 

haemntoxylln for 10-15 minutes* <©) Sections which are 

differentiated and blu*'' are transferred to 1 per cont



qosin for 2-4 minutes to coOliterstain them,

{£) Sectiong are transferred from eosln to the slide washing 

tray for 3-4 minutes# this w ill diff eren ti a tec the ooain,

(4) Dehydration?
(g) after draining# sections are transferred from 

the slide washing tray to 90 per cent alcohol where they 

are agitated for 10—15 seconds•

(h) from 90 par cent alcohol they are transferred tc absolute 

alcohol I where they are agitated for 10-15 seconds,

(! )  They are then taken from absolute alcohol I to absolute

alcohol II for 30 seconds,

(5) Clearing ?_
(j)Sections should be transferee*! from absolute alcohol 

I I  to xylol I and le ft until completely clear fox IS seconds,

(k) sections are then trasferred tc xylol II# when clear# from 

which they may be mounted,

(6) Mounting?

m a m w ia i
Hietolcgival sections which need to be examined for 

any length of time or to be stored, must be mounted under 

a cover slip* There are generally two main dances*

( l )  Agueous media ( i i )  Kesinous media, Canada Balsan (refrac­

tive index 1,52) a resinous media is a com. only used 

mountant* I t  is obtained from Canadian f ir  trees, Canada 

Balaaw is ground in a mortar and pastils until free of lamps 

and dissolved in xylol to 55 -  70 per cent by weight.



(1) Pectamgular cover slip® ar® wiped with soft, fulffleas  

glacis cotton•

(a) A cover slip  is laid tan a blotting paper# Um section is 

rxaoved from this r-ylol, the surplus sylcl is removed by 

vlpln. the beck of the slide and around tho soction« leaving 

a margin of about 1/3 of an inch; this stage shtuld be quickly 

completed to avoid the section frcia drying.

(n) one or two drops of Canada Balsam, (depending on the sise 

of the cover alio) ar placed on the section# .being laid along 

the middle of the section to reduce the likelihood of trapping 
air ouboles.

(o) The slide is quickly inverted over the cover slip# one nd 

is placed ever the blotting paper and the other and slowly 

lowered until the balsam touches the covoi s lip . The balsam 

quickly spreads unde the cover slip and the slide, with

the cover slip  attached it  is gain quickly Inverted and the 

cover slip  guided into place with a dissecting neodle.

An alternative method is to put the mountant on th 

section as described, place coo end of the cover slip  on the 

£>llbe (Class of the section) and with the aid of a dissecting 

needle slowly lower the cover slip  in oroiti n.
Air babblest

Air bubbles may be expressed by gentle pressure on the 

cover slip  with a dissecting needle, vihen there is more 

than on® air eubole in the moantent it  is easier to put the 

slide back into xylol (which w ill remove the cover slip) 
and remove t* e section.



p «u toxy lin  and eoain la th« « » i t  popular routine atain 

and aha one tfeviaed toy Shrlich la the moat popular toacauato 

o f 1 a durability* eaay d ifferen tia tion  and comparative

permanency*
A* a counter stain o*S -  1.0 par cant aoeeous solution of

water eoluole oocin Is generally preferred to f l iw  a oora

informative ptctaw*

staining tin *

Heematoxylin 

Absolute alcohol

30*40 minutao

a o

300 ml*

r la tlU *<  water 

Glycerol

G lacial eocontic acid 

ppotaaoltao alum

300 ml *

300 ml*

300 ml*

I f l <3X 0 3 8 0 .

Hematoxylin should toe dissolved in alcohol and the 

other ecmptiecnta ad<:ed in the order given* fin a lly  potassium 

alum la added vh iio  the solution la  shaken until thero ia 

a deposit of alum crystals at the stock container*

Glycerol la aald to g iv *  act® even previse ataining and 

to  atatoilise the a tain againt over tomidation and evaporation*



preparation of the stain i t  most bo kept in • 

lcoaeiy piu §ed bo ttle  in a warm and v e il  «  l i t  piece 

(window s i l l )  until the oxidation of the haametocjriin to 

heemetein h«d token piece (th is  procosa la known as 

ripening). This t i l l  take 1*2 months*



APHMD1X IV

roc© mtM& un crams) or w g  mprmmh rats m *mg
AW8R0S HSC PS ST

R «t »© ,
I

n
IS

FOOD- XMTAKg m  CRAMS

six xv v .vx " ' "....' .~
vm»k ? o u l >4e«ai

C ro«^  X 1 .  47*4© 31*33 34*37 %%?.% 39.07 62*«2 334*43 3 5 . 7 4

2 2* 43.8$ SO.41 34.43 53.77 <>0.15 53*02 333*13 15.52
3. 47*42 50.51 53.75 34.77 55.21 42.40 330.34 55.04
4 . 47.24 31.23 54.43 59.34 59.78 43*01 335.08 55.35
5 . 40.43 50.37 34.05 53.43 40.23 43.08 335.39 55.90
4* 40.24 49*34 52*39 54.13 $3.49 41.39 337.22 54.54

CroupXX 1. 47*33 49.00 51.34 55.30 33.43 41.03 322.48 53.73
2. 45.04 47.50 49.73 52.08 54.34 37.84 308.45 51.44
3. 45.07 47.33 48.70 52.54 54.75 54.97 304.23 51.05
4* 44.40 43.92 50.94 54.14 55*33 57*95 315*73 52.42
5. 45.24 44.74 43*71 52.42 54.08 57.85 335.27 55.38

44. 45*14 47.33 43.30 52.43 53.99 57.41 305.43 50.95

CrottpIIIl* 45.51 47.83 49*39 52*21 54*34 57*93 303.24 51.36
2. 44*11 47.33 49.40 52*34 55*04 50.72 309*44 51*57
3. 44*52 43*23 49*97 52*35 54*34 57* it 309*79 51.43
4* 44*40 49*33 50.34 53.14 55*90 59*12 314.52 52*42
5* 45*49 43.06 49*02 52.92 54.36 53.50 303.25 51*39
6* 43.CS 50.28 51.2| 54*07 58.37 559*75333.65 $3.23

OCOttpXV l .  44.03 49.03 49.94 52*25 54,11 SG.id 309.54 51.59
2# 45.47 40.20 $0.29 53*13 34*01 57.55 303.44 51.44
3* 45.82 48.32 50*69 52.73 54.37 38.91 311,3 $1*92
4. 47.89 49*88 30.79 32*68 34*32 38.16 313.38 32.26
3. 44.86 47.01 49.42 52.18 54.45 39.32 307.44 $1.24
6. 44.86 46.22 49.29 52.54 55*49 39.03 303.37 51.40



/r*
worn m r m &  im o$*m) 09 m s  XHtxvxryja. r*t« cm m z

tmvmz*mma» m s t

m m m m ~jm «
C i w p  X 2 6**72

2* 66*43 

4* 66*95 
i *  6**xi

! 6* 65*09

©tfOUp XX 2* 64*62 
2* 63*09 
3* 59,§5 
4* 61*24 
5# 62*56 
6* 61*00

XXX 1. 60*90 
2* 61*69 
3* 61**0 

‘ 4* 62*26
5* 60*03 
6*  61**2

rooD a?*M& m  m>*m

XX XXX XV v vx 
"•a * waofc uaek «*ek t*Qk Total Mean

*2**5  *7*10 «4*0S 92*82 99*39 492*99 82*33 
*2*33 7**54 84*36 92*05 98*6* *91*98 82*00 
*2 **6  *8*00 91.35 92*52 98 .62  494,2  8 2 .3 *  
*3 ,4 3  *9*14 84 .92  *2 .3 8  99*30 496*28 82**1 
*0 .4 6  7**09 91*94 98*10 88*10 488*23 8 1 .3 *

71*11 *6 ,9 2  83*08 88*58 94*69 4*3 79*6* 

6**36 *2 **1  80 .52  86*83 §3.91 463*58 *7 .26  
66*79 *2*19 *9 **2  86.13 92*78 497*46 *6*24 

6**80 *2*11 80*92 87.71 94*06 463*44 *7 .2 4  
*6*62 *3 ,1 3  81*28 01 ,99  94*16 464*73 *7 .46  
6 7 .2 * *2*66 80*81 87*44,93*81 462*99 *7 .1 *

64*5 68*88 *9*31 80*49 86*49 436*53 * 2 .* 6  
69*65 70*2$ 82*03 87*22 *6 .4 3  443*31 73*87 
69*54 69*73 *9 .3 8  @1*90 86**3  440,63 *3*44 
69.56 *1 ,3 8  77.77 8 2 .9 *  87*86 447*8 *4 .6 3  
69*29 69,82 *9 .9 0  80**1 86.86  409.7  *3 * 10 
69.42 *0 .2 8  *7 .1 6  81*46 86*59 442*99 *3 .7 *

Croup W  i .  •  •  -  -  -  -  «* *»
2* 93**2  64.09 69*96 * 4 .2 *  79*99 84*68 431*6 *1*94
3 , 60*01 64*99 68*90 *4 *6 0  80*42 86.>7 435*29 *2 .95
4* 99*35 69*07 70*83 76*91 82*30 87*46 441*92 *3*69
5* 5 9 .8 9  64*43 68*86 *4 .9 3  *9 .61  89*92 433*64 72*27
6* 59*94 64 .99  *0 ,1 3  *9 .5 9  80*10 83*10 436*7 *2 .7 8



wsmiT <3£Xft (tn  or m s) or m g & f m m  bato c*t tm
SKPmxmmfh n tw »,

f^ICHT OMU HI ORAftt
But NO*

1 XX XXX XV V vx
walk wwk woolc "* * * wtok **«ak Total nmm

croup i*  *  - • NO m
2 2* 2*9 4*1 5*3 6*9 4.7 7.7 31*6 §.27

3* 2*3 4*9 3.2 3*7 6*7 7.9 32*3 5.38
4. 2*7 4*2 9*0 6*1 6*3 7*8 33.3 5*59
S. 4*2 4*1 3.7 5*9 4*6 9.6 33.1 5.51
6* 3*0 4*4 4*9 10*2 11*3 6 «f 40*7 6*78

Croup 1, 3*9 3*8 7.3 4*8 6*3 5*8 32*5 5*53
2* 3*2 4*9 3*6 7.9 3*3 6.8 34*6 3*77
3* 4*1 3*3 7.2 4*7 3*« 3*8 27.0 4*50
4* 1*7 3*8 3*3 8*2 4*4 6*2 29*3 4**7
3* 2*7 4*1 6*3 6*6 7*2 4*6 1.5 5*23
4* 2*5 2*9 • 3 3*9 4*6 4*9 23*1 3*85

08OUP 1* 2*9 3*1 4*2 4*7 $*6 5.3 25.9 4*30
*** 2* 4*3 3*2 4*1 4.8 5.7 3*6 27*3 4*53

«£* 2*4 J*J 3*8 4*9 *4*8 3*9 26. U 4.47
4* j>*S 1*3 4*1 5*9 4.9 4*1 26*0 4*33
3* 1*9 i*2 2*1 2*1 1.9 4*' 16.1 3*68
9* 2*4 4*0 s*& 4.1 5*7 3.8 15*4 4*23

Croup 1* <* - * m - «» «. *•
**  a* 2*0 3*1 3*9 4*3 5*2 6*8 25*2 4*20

3* 2*3 3*3 4*1 3* a 6*4 4*4 24*5 4.08
4* 9*2 2*8 3*4 3*1 S .l 4*1 24*1 4*12
S* 1*3 2*8 3*4 3.7 5*6 1$*6 24*1 4*02
9* 2*8 3*8 3*5 4*7 4*1 5*2 24*2 4*03



JUPf> Jtl XX VI
am m  cwgl^ tbkol t o r  m s  sm jv im u . rxts xh tm  
two 9hmk& car the *x w im *ht (wq/ ioq ml of

croup
Mharogsn tat 

30 d«jr« 43 <J«y« Is  dwrt 30 d&ya 49 day*

X 1 212*3 290 mum «*» «•»
207*3 322*3 287*9 240*0 220*0
180*0 308*73 280*0 244*9 240*0
2^7*3 323*0 270*0 292*3 232*9
m * a 313*73 272*3 249*0 297*9
21*30 300*0 377*3 237*9 229*0

XX X 173*0 297*3 247*3 220*0 177.3
212*9 320*0 237*9 217.9 180*0
242*9 292*9 230*0 200*0 182*9
219*0 309*0 263*0 207*9 182*9
260*0 317*3 239*9 227*9 203*3
197*3 312*9 292*9 212*9 180*0

zxx i 299*0 322*3 232*9 197*3 142*9
232*9 313*73 230*0 193*0 149*0
229*0 303*0 2173 177.0 137^
293*0 320*0 430*0 180*0 170*0
233*0 322*9 207*3 189*0 133*0
227*9 347*9 237*9 173*0 143*0

xv t 293*0 329*0 — — —
223*0 330*0 200*0 192*9 130*0
177.9 329*0 197.3 199*0 139*0
197*9 299*0 190*0 190*0 149*0
212*9 308*79 190*0 142*9 120*0
190*0 322*3 U 3.0 197.0 142*9


