EFPECT OF BAYW AND ROASTED BENGAL GRAM ON SOMB
PHYS 10LOGICAL PARAMETERS IX ALBINO RATS

V. BHANTHI

A Uiesertasion Sadbmitted to the University of Madras
In Partial Fulfilsent of the Requireaents for the
Dogree of Master of Solence

tiny, 108%




ASEXQHILERSGEMENY

The author is greatly indedbted to YVr, Usha
Chandrasekbar, i,50., PheDe(Purdus), “rofessor of Eutrition,
Sri Avimashiling s Blome sofence Autonomeoas College for Yomen
for the valuadle guidance rendered,

ixpressions of thanks are ales due to Dr, Rajamml P,
Devadns, MyAsy Me50eyP?heD +(ONto State), D.Se.(Madras),
biveotor, Sri Avimnshilingam lome Seience Anteomemeuns Coilege
for Women am Dr.(Tas,) Godavart Kamnlamathan, i.8,(Cornell),
PheD. (Madras), Principal, Sri Avimashilingan Home Sotonce
Antonomous Colleze for Women for thetir adle guidance.

Doeop sentinen:s of gratitade are expressed t
asimowledge the keon interest and assistance rooeived from
voluntary liesalth Servioe, Madras in conduoting the
histepathoeloglcal study and from Dr, S,5ubranenias, M.D.,
Professer of “pthology and Vise Prinmoinal, Coimbstore
Hedieal College for his report and suggzestions and
Dre Visweswara, M.D., Pathologiet, K.W,M, Hospital, Coimbatore
for she faolilities provided ’x‘w taking photegraphs,

Last but not the least, my sinoere thanks to
Hiss G, Goetha, M.50., Assistant Professor of Nutritiom,
Sri Avinashilingan Gioms Sofenve Autonomous College for Yomen
for her constant help amd ensouragement,



) 99
1X,

XX,

v,

LIST OF CONTENTS

LIST OF TARLES

LIST OF FIGURRS

LIST OF APPEXDICES
INTRODUC L IUN

REVIEW OF LITERATURR

Ae Effeot of Nonwautritiosal Factors
Predisposing to Caromoyy Heart
Disense

n.\ Rolo of ifetary Fastore in
Inereasing the Cholestere! and
™riglyoeride levels

Cs Natritiomal and ilelated Faetors in

Levels

De Purspoeetive of Pulses in Preventing
Hypsroholesterolenin

EXPED IMENTAL PROCBIURE

As Seleotion and Processing of Laogumes

Be Poremiation of Diets A

Ce Soleotion and Grouping of the
Antionls

De Peeding the Groups and Evaluating
the Lffeots of ’rocesnsd Heangnl
Gran

KESULTE AND L ISCUSSION
Ay Food Intake
Be weight Gein

LA

*»

(X J
]

LX)

.0

LA

«e

L X

.o

*e

Page

13

17

§ 88 3



Chapter

Ve

C. Cholesterol levels

De Triglyosride levels

Es listopathological Chan:es in
selecoted Tissues

SEARY AND CONCLUSION

LITERAWIRE CITED
APPENDICES

.

»”e

*e

.

fage

$ 5

50

89



Table

2

3 9
XXXe
IV,
\

Vi.
ViXe

Viil.

LIST OF TABLES

Attwroganic and Experimental Diets

Detatle of Diets Providsd to Different

droups

Mean Food Intake of the Rats on

Atherogenic and Experimental Diets

Total welght Galn(urom) ef the Late
in thes Two shases of the Experissns

Moan Cholesterel iLevels in mg/100 ml
of Blood in the Two hases

Ssatistionl Coaparisen of Cholestere}
Lovols Between hnsos and Humber of
Daysv

Statistioal Cemparisom of Grouaps for

Food Intahke, Weight Gain and
Cholenterol Levsls

Triglyceride Lavels of $he Selseted
Base

L 2

"o

LA

L X

L X

LX)

Page

49



Pigure

2 L
3 B

1 Je

8.

8.
[

8.

L [N
10.
22,
-

LIST oF Fluuaks

rattom of Food Intake and Weight Gadm ..
ypoe Cholesterenic Lifeet of Baw and

Roasted Besgal Gram .o

Normal and Essential Fatty Aotd
Defieient fet .

Ascumsulation of Fat Colls in she +
Intisnl Lining of the Coropary Artery »e

local Thieckening and 2lague Formatisa

af Aoris Showing Asheromolerostis T ee
Patty Degeneration of the Liver ‘o
Pat Cells Heneath the Dadothelial Line .
fn the Corumary Artery - - e
fleart Showing Myosarditis with Foeal
Destrustion of liyooardial Fibres .
Liver Showing Fatty Vasacletion 0o
Coronary Vessols with Normal Histelory ..

Normal Aorta and lang Tiseue e
e
Noraal Nealthy Liver 7Tiscue .0

Page
38 39

30 4y

44 35

&4 S|

]
83 53

88 53

B8 55
8% 55
B8 56
60

82 to



Appendix

8

} §

11X,
IV,

Ve

Vi,

LIST OF APPEND'IOES

Composition of Vitaain and :ineral
rixztures

SDoteratnation of iriglyesride Leavel
in Serum

s

L 2 ]

fiistepathelogioal Teohnigues ,e
Food Intake(in grams) of the Individual
date on the Ahterogenie Diet s
Weight Gain(in grams) of the Individual
LHL88 on the Ahtereg mie viet »e
Serun Gholesserel Levols of the ."

Individueal nts 1n $he Two Pinses of
sho Experisent(mg/ 100 ml of HBloed) .

Paze

- 3

104

106



I. INTROUUCTION

Coronary heart disease and the catastrophio
coaplications arising as 1ts consenuenve are sajor probtlems
fnoing sodern sooiety., Unlike in the advanced westemmn
ocountries, precise data on mortality and mordidity caused
by heart discase covering the ontire country is not awvaflabdle,
1t is bowever on the Llnorease in soofeties moving towards
oivilisasion (Wig, 1974). Htatistios from major hospisals
reveal that coronary heart discasc is Wooning a modem
epidenio (WHO, 1978),

Inoidenoe of esardiovascular disease varise widely
among persons fros dt!t_c.mt geographical regions and of
different habits and aode of 1ife from the same regiom,
¥hile this has bri;htened hopes, unless nore inforastion on
this relationship is avallable 1% cannot de fully met
(Malhetra, 1070),

Coronary liears Disease is known to be tqo foramoat
enuse of death (adout 40%) among medioal emorgencies in the
Madras Government iospital (Senthilmathan, $9079)., There is
a growing body of though whioh conaiders sudden death as an
entity intisately conmected with Coronary feart Diseanse
{Thompson, 1970), In faot Coromary !eart NMesease results in
- more deaths and disability then eanser, diechetes and all
infections and accldents coabinec (ileart News, 1077), What
is mosd disturbin;, is thot rapid industrinlisasion,
faproved standavds of living, effeotive control of tnfections



diseases and hetter health care, should result in {noreases
in the proportion of chronic diseasss like eardiowvassulay
diseases limiting further technelogical and esconomio advanoces
(Pasa, 1977). “

Coronary leard !Hsease debilitates and imeapnoitates
people at the height of their professional sareers, It
deprives the sountry of intelligentia of seasonsd and
sxperienced leadors, which liability to a developing mation
(®m0, 1974 and Thorogeod, 1560),

specicliste froms the world over agroe that the hasto
oause of Coronary Heart iLisease is atherosclerosis (Heart
Nows, 1077 and 1978), Atherosclerosis rosults from a
serios of ohanges in the intisa of arteries oaused by total
agocumalation of fatty material and firbous tiseue, disrupting
188 norsal architeotare (Kagan, 1077).

In the 1l4ght of several experimentsal, epideamtelogfoal,
and olinicnl investigations, &t is generally acocepted that
she risk of developing Coronary leart liscase in families and
population yroups is posiitively correlated with the level of
serum choleatearel (Carnie, 1070; Padaavati, $9T7; Stamler,
19783 Gopalakrishnan, 1979 amt Marmot, 1679), This risk,
indepondent of other risk factors i{s relatively sasll at
linwh less than 320 « 280 mg/100 ml bat inorocases progressively
wid each inorement in the plasms cholostersl adove this
level depending upon age ( wmerisan Journmal of Cliniecal
Nutrision, 1973 and Heart Nows, 1077),



In the light of several experimental, spidemiolezioal,
and olinical investigations, it Le generally acospted that
the risk of developing Coronary Heart Disease in families
and population sroups is positively oorrelated with the
level of serun cholesterol (Caraie, 1078; Padmavati, 1977}
sSsamler, 1078} Gopalakrishman, 1079 and armot, 1079). This
risk, independent of other risk fastors is relatively samil
at levels less than 220 « 350 mg/100 al but inoreases
progressively with each fmoreament in the plasma cholesterel
abdove this level depeniing upon age (American Journal of
Clinical Nutrition, 1973 amd fisart News, 197V),

The faotors eontriduting 4o atherosolerosis and
Corconary ilsart Liscase are already prosont in adolescents
and young pecple, Preveniive measures directed towards
proper matrition and healthy 1ife hadits secm particularly
faporsant in tais respeet (Wiv, 10743 Plea, 1077 and
Thorogood, 1980),

Serum cholesterol concentration ean be sucocessfully
reduced in a great majority of peoplo hy dietary
modifientions alone (lieart Nows, 1976), Several studies
have widely emphasised the effects of different componentds
of the adally diet on the 1leveols of cholesterol in the body,
Hole of nasritional factors such as type and concontration
of dletary fat, type of oarbohydrate and dietary fidre in
altering plasaa oholeatercl and triglycerides have bheen
widely pudlished (Zeiser, 1073 and Krithevaky gt al., 107S),



dere recenily dielary protein has bheen recognised fopr
fts abdility o alter plasma oholesterol levels., ‘nimal
protein has Leen aszoeiased witit high and vegetable
proteins with low cholesterel atiributed to amtino aeid
coaposition (Carroll gt al., 1978 and Yadav g9t gl., 1977),

Palses which are the sajor sourves of proseinm in
Indlan dfietaries; have bheon of intersst heonase of their
ahlilty to modity oholesterol concontrations, Nypoéw
cholestorolenic affeet of Nengnl gram has hoen relased to
the prosence of the flavamofid Biochain A (NIN, ICMR, 1978),

Mathur ¢t al., (1069) reported the effect of bengal
gran a8 its binding of bile acids inducing imereased
exoretion of nataral stercide and decreased sndogmmous
produstion, Reddy (1963) and Malathi (1067) observed the
sane, -

Soal 9% ales (1078) has obmerved the morphelegioal
sintlartty of Bengal gram with estrogen im histochemiesl
stucdies of rabbit tissues.

chithralekha (1080) studied the effect of red grom
and horse gram on oholesierol level using albino rats and
obsorved tont horeo gram had a hetter eifect in lowering the
oholesterol level, S5he conoluded thas this may de due to
she fibre content, fThe limitation of the stuly was lack

of time,

#hile a fow studios have heen conduoted to evaluate °°
the effeoct of pulses, the effect of provessed legumes on




the physiolegziocal parcasters has not been fully exploited,
The unin objsotivo of the present investizatioa was &0
evaluate the sffect of rew aml roasted ienjsalgram, one of
the most coxuonly comsumed lezunes on some physicleyteal
paraseters in albino rats, Speoifically tiw ocholesterol and
triglyseride lowerin; effeot aof raw and roasted lengalsres
and the histopatholosical ohanges of heart, sorta and liver
was investigated,
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11, REVIEY OF LITELATURB

ihe iiterature pertalialn, to shis stady on the
affoos of -ew and roaoved Jengal graw on some phystologiocal
pavaseters in zlbino rate is discassed ander the following
neadingss

Ao Effeot of nonenutrivioanl risk Lacters in
atheroselervsis

Be sale ui dletary faotors im increasing the
sholestorel and Sriglyveride levels

Ce Hutritions) ani roluted fastors lowering

oholcsterel and trizlyoceride levels

De Persyestive of pulros in proventiang hyper

cholosterolexia,
Ay ﬂf!ﬂ ) ] 2& E‘:OMXE!‘ ig! v&! Mm.zmw

Anuliysia of tha epldeuiolosloal duta acounulated
as & result of extnesive ssudies, has led to the foruulasion
of aersain "riek {anicrs”, sene calar and some ainor, sone
rovarsible and soa: irreversible, Discussed hers are sone
of $hw wsjor moneputritiosmal risk faotore,

Cholesieial o prooursor of steroid horuens and bile
acid is an imoricinated zajer taoter in alirercantous .



arterinl disease (MG Intyre g% gl., 19733 Thempson, 1979}
Caopar 0t nl., 1980), Clevated lovel is a risk fastor in
oariiac hears diesnase (2merican Journal of Clintoal Nutrition,
19733 lieart Kews, 1877)., Studics {n United States and
elsewhcro have ohaveaterised hypstoholestervieniz as o risk
taolor in the amlidbunt of oorovary hears disease{Journal
ef Ansrican bYigtetiv sssootlation, 1074) and miyeeanrdial
injarolion (Carlson 9% nles 1973). Elevated blood
cholestercl laveis are walieved te rosult in nore rapid and
severe developuont of aliborosolerosis (Nutrition Reviews,
$071) .

mémum of soren triglyvoerice levels are
independently related to atheresderoiic vascalar disease in
the pojulliion as & whele (Heen aud Jarreds, 1973), U.5,
stuedios hove reoo nised the increnses serum triglyceride as
8 riek f2otor LA coropary heart 4iseuse, Plasms
triglycorides vers more ftaporicut risk faetor than
oholuaterol{Jaia, :9%), Invrosssd zerum triglycerids
is ansovicted wish corvnsry lecrt digsecse (Deeda, 1913),.
Abnernnl coatont of apo Ce11iwl 10 Gelloved to have
oontribdated to the paticant’s sowvere hypertriglyoceridemtia
(Lenoet, £570),



Bepersensiony

Direoctor Genernl, Wit0 hes stated that hypertenston is
a sflont, seorel threat to she healih: of people arouni she
world {Meart Kews, 1576 and Makshaiknonthan, 1978).
Rypertensiun socounts for 18 - 20% of oardiac oeses {n India
(Beart News, 1978),

tssential hypertonsion has been assooiated with
high prevalenco of raised aortic lesfious and inereased hears
woight (W0 Chroniele, 1974). figh dlood pressure hecane
an iaporiant risk faoctor after 50 years of age (Carlson
anl Dottiger, 1973) JADA, 1074). von; ssanding hypsriensiom
definttely predisposes the humon sabjects to heart diseases
(Ramashandran 9t pl., 19743 Khandekar and Shivde, 1976),.

bisbetes 18 associnted with inoresscd clasifiecation
of ceronary artery and in coambination with hyperteasion
is associaded with increase in raised coromary leajions
(w10 ¢chrontlole, 1874).

QugBLLy
Obesity is related to asoccepted atherogenic triat
inoludin,. bypertipidemin (Qertatries, 1970). Ohestity is
asssoianted with reduced life expoctancy and 1s largely dne
t0 expess cardiovasoular amrtality, cCordiovascular risk of
obesity is largely attributed to athervzenie accompaninents

{fimons, 1078)., Conoentration of serum cholesterol amd



trlalmr:\dq;a wore sreater vhen androgenio featurs were
present and wore correlated ;un adiposity (Allard amd
Goules, 1068), In comparison of the ohese with thin
subjoots tho former were found 10 have mOre ocoromary
atierosolerosis (W70 Chrontole, 1974). Obesity 1s a
predoninant factor predisposing to hyper cholestercleuntia,
hyper trigivoeridemin diabetes mellitus, hypertension and
therefors snerges 88 8 fzportant canse of atheroselercsis
(iann, 1974 on? venapashy, 1079),

Ehvsload sotivisys
Redaved pmrsiual activity has heen reso nized 5s o
risk factor in coromary heart diveases. Laok of physicel

astivity may be the major factor deteraining hyertriglyceridenis
(JADA, 1974).

“ardwork never hurss a healthy human heart* was the
diotunm presoned by the iate iaternativnally known
cardiologisi ure. saul Dudley White, ixarciee .rovides much
moro than a way AL spening calories. It helps in antive
eirculation and lower tae cholesterel level., IS stinulates
the pasenaker and 80 fats are hurnt rapidly. It srovides an
outlet for tensions (Heart News, 976 and ilavefeld et al.,
1079), flekey ot al. (1978) are of opinton that exoroise
does not have a direct effeet on coromary nortality and
mordidity bdut that iho effect is aodinted y lower level of

otiwy risk faotors,
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Dr, Paal esaphasised that vigorous usage of large
nusle retard alseresclerosis Ly wigorous pumping of bdlood
and keep the vien olear eof elots,

1980 had beeon dedionted by Wi and International
Soelety andl Pederation of Cardtology as "Antismeking®™ year.
Slogan given by WO {s "Smoking or Health, the ahofce is
yours®, 328% of death from eardio wasoular diseass
attriduted $o smoking (Heart News, 1080), Viswanashan {1089)
points out that aortality ratio ia heavy ssokers is twice
shat of sonwssokers. .

Saoking enhances high blood pressare and serum
sholestercl, tedical soientistes are of the opinion thas
smoking inisiates synpothetio discharge of oersain eohemiocal
sompounds whioch may bo involved in pathogenesis of aoute
soropary heart disease events (ileart Xews, 1980),

cepalakrishoan {1079) suggosts that perseadility
of plasan 1ipid ianto the arterial wall my be inereased.
Chemically by oarbon msonoxideo as a result of smoking.

lioth eigarette saokin: and alcohol consumption in
resular and excessive amounts oan oause myosardial danage
(1.3, ulky, 1079), rfusessive aloohol consunmotion may have
a direot toxic effect on myocardium rosuiting im alechol
sardieayopashy, ihis has been linked with 3 asjor risk
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fastors of heart diseasej lipoprotein level, dlood pressurs
and smoking(Fonald E.laporte gt al., 1980), Kagan (197Y)
showed thas aloochol consumption was assooiated with aortio
and eoreoanary clasification, Assooistion of Cligarette
Smoking with ocoronary lesion was due to asscoiated aleohol
consump tdon (W10 Chrentiole, 1074).

Little gt gl (1006) fvand a posltive correlation
hetweon daily intake of ooffeo and the serun oholesterol
level, IS has been found that people drinking moro than
8 oups of ocoffee per day ran about twice as . reat rlsi of
maving atherosolerotic myovardial infarction as people
drinking no coffee atall (Vessey, 1972), Caffeins rise the
cholesterol level (1078).

2exl
Yomen in otild bearing age seez to be protected
from oardise beart diseass, attriduted to ovarian hormones

(urande, 1975 and Gorden gt gl., 1978),

vestrogen oontaining oral sontraseptives ten S0
raise plassa 1lipids and lipoprotoin while combination
type ocuntraeeyptives rise plasma cholssterel and triglyosrides
(Yoang, 1976), Bradley gt 9;. (1978) roport that reduction
of high density 1lipo protein level im women using oral

eountrageptives depends on type and Josage.



Compared $o mon users, users of oral contraceptives
showed inoreased ohelesterel, trigylcerides, LDL ehelesterel,
VLEL Cholesterol but HDL cholestercl levels were similar,
These were positively assoointed with she quantity of

oestrogen oouponent of the oral contracepiive preparation
(Lancet, 1979).

certain elements for exausple, cihroamiup, copper,
iron, manganese, silican, vanadium and sino exsri besefietal
effeot on oardio vasoular systea while cadaius, ocodalt and
1ead have datrirental effedts (iiasironi, 1973), '

Allen and Kleway (1978) report shats ocopper deprivation
in rats induce hyper oholesterolemia, Taves (1978) opine
taat finorine content reduced morsalisy due %W CHD,

clayton (1977) observed in ingland & high negative
correlation between cardio vascular mortality snd water
ocaloiom, Crauvford gt al (1977) have established well the
association botween soft water and cardiologloal disorders,

2sher fasters)

8ir Tilldanm Oster (7O yoars ago) as guoted hy
Srikantia (1071) 118t strese and strain of nodera liviag
and rieh dios as aotiology for athorusolerosis.
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Forsdaht (1979) hypothesiges poveriy im childhood and
adolesesnce followed by later prosperity result ia high
oholestercl values, Proloaged stay in high altitudes has
smarked cholestercollowering effect (Srivatsava 9t al., 197Y),

Both quantity and quality of dietary fat have an
teporsant bearin: on cholestorol levels (Grande, 1978),

pPepulation eating high saturated fat bave higher inetldenso
of hyperlipidezia and coromary heart disease than thoke who
do not (Zeiser, 19733 Urande, 1973} Willinas gt nl., 1976}
Lorin gt pl., 1977 and Eritchevsly @t al., 1977).

Bartov ¢t al. (16873), Nakadute, (978); Padmavati(1977);
Homour gt n}). (1078)s Sreokumar ot al. (1978); Goldsaith
2% al (1978)p Jacotot and Girardet (1979) reveal butter,
lard, palmoil, soya bean oil, hydrogenated groundnus oil,
cooonat oil and mustard ofl are highly atherogenic, Padnavati
(1917). reported that diets shat include a combinatioa of
fats from aniual origin suoh as dietary products (butter,
oreaa, ohoese oto,) have cholesierol raising effeot,

Jacotat ot al (1079) reveal that cholesterol esters
inorease in the order dutter, groundmut ofil, palm oil,
sunf lower oil, rape sced oil, soychean oil and hydrogenated
soyaboan oil in 1ts rate fed for one year,
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Saturated fat dliet results im the formntion of eleie
and palmisic aotds that ultiasately give rise to esters of
fatty aoid with cholesterel whioh are highly atherogeanie
{uopalakrishnan, 1979),

Laurfc, myristio and palaitio are gore atherogento
(Vergroesen, 1972 and Gopalakrishnan, 1079), nMet with
butter replnooed by margerine results in st nifteans fall of
sholesterol in adolesoents (Vergroesen, 1973),

Liet predoaiannt in choleasterol rieh foods raise

serws choleaterol (Turner, 1078),

dajor source of cardohydrate are csreals, pulses,
sugar, roots and tubers (.rande, 1978),

Yudkin gt g} (1964), (1067) and Arhens (1674) reveal
that suorose is an mwr@t faotor in the daevelopment of
Cibe Influence of carbohydrate om serum lipid levels is
exerted largely on itriglycerids fraction (NIN, 1978),

¥ritoheveky gt al (1978) proved that cholesterol free
purified synthetic diets containing coconut oil (hydrogenated)
with efither jlucomse, fruatose, sucrose or starch to be
hyperoholesteroieuric and hyper triglyoceridenic, e also
reported that serun cholesterol mearly dudled on diets
eentainin, fruotose or suorese and inereased by about 23% on
a diet contalning .ducose,

sestmann @t al (1978) have conveyed that long term
feeding of lactose containing diet to rate is a contridutory



fastor in she accumulation of cholestercl ia serum amd liver,
Truswell {1978) says pure sugar or wheat and potato raise
plasas 1lipid in man oompared with cariohydrate from truits,

vezetables and le unes,

Animal protein has been assooicted with high and
vegetadble srotsin with low aholestorel level, this
differenticl effesct is thou, bt to he related to amino neid
composition (Garroll gt al., 1975 and 1978; Yadava 9% B).,
1071), 5olomon (1978) reiterate that diet with Lelifstidine
or ureeanic aoid ianduce hhyperoholesterolesia,

Leelorwsa gt gl (1978) reported that in rets fed
difterent sourees of protein, the hiszhest concentrativn of
sterol in faeoces was in rats fod soyvabean and lowest in
those on beef with mormnl dies,

linkadute {1075) opime that high casein aiet (31%)
sive serun cholesierol value half shas of 1i% dies,

Soni 9% gl (1978) state thnt palses suoh as peas and
lentil ruise ocholesterol level in albino rats.

nernus (1972) showed that a mixture oconsisting of 6
parts of casein, four parta of gelatin, 8 ports fish protein
sonoentrate snd 4 paris soyadean proteim gave a lower level
of plasma oholesterol than casein, when fed in cholesterol
free purified diet,
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Soyabean protein at 407 level caused a reduction in
serus cholesterul than tnove fed on diets containimg 405 of
animal protetn (ICii, 1903), XNarindarmsth (1062) stase that
inclusion of 55 veseiadle srotein (whoat glaten) im basal
diot having casein oaused a marked reduction in serua

aholesterol,

Yitening;,

socully (1979) and uruberg et gl. (1979) taplicsse
that pyridoxine deficienoy leaads to atheroscleroastis, %ilson
at n] (1978) reported that diets deficiont in vitamin B may
predispose to athereosolerasis anml hypercholestercleaia,
Rdman 8% gl (1974) have theorimed diet induced hyper
cholesteroleuin in rots on vitanin A free diet, howover
response is affected by salt amixture used,

Defioienoy of coenzyme q diminish heart's punping
abilisy due w deficienoy of vioenergetics (Sclence Digest,
1076),

pdnerole;

rasiroof (1073) says that ocadaiom, cobalt and lead
have a detrimontal effeot. Allen gt ) (1978) ané solense
bigest (1979) atirihute that e deficiency of copper
inteanifios curonsry heart disoasse, Turlaocaty snd Altura
{3660) found lower level of magnesium inoreaszed arserytens
leading to vaso cunstriotion and death,
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Klevay (1974) and (1975) nypothesiszed and imbalanee in
£n/¢u contributes wo &he risk of 4, Lewandowies ei al.
(1978) infora that seram sinc levels lower in patients with
myooardial infarotion,

Poly unsaturated fat decreasos sholesierol(Vergroesen,
1071; Durrington gt al (1978). Vegesable olls like groundnut
oil, oingelly oil), sunflower oil are rich sources of poly
unsatarated fatty acide (0'Orion ot gl., 1977 Sreekumar,
19733 Senthiilnathan, 1079 and Jocotot et al,, 1970), Rao
8tal (1977) roport sardine oil and safflowor oil deerease
feorun cholestiorol within 33+44 days of feeding in male rate,
Von Lossonezy gt ol (1978) report imoresase in high density
2ipoprotein ocholestorol and decrease in sery triglyocerides
with & onokoral diedt supplomented with linolete aoid,

¢rezeokumari and sundaravalli (1976) peint out serun
chelesterol lowers nore with safflower ¢il than with
grommdnut otl,

Jasotot (1970) shows that rats given groumdsmut ofl
and safflower oil had significantly low oholesterol levels
shan rats given palam qu or hydroganerated soynhean ofl,
serum trizlyoeridos sivwed a sinilay trfme.



Keys (1070) and Turner (1678) suggest that population
consuning diets low in saturated fat have lower imoldense of
eeronary heart discase, sisons gt sl. (1078) reinstate that
plassa cholesterel level wores lower in vegetarias thaa

neawveyctarian fooda,

;
dac l'onald (1973) states that orean, glueocse and

staroh diet resalted in inorease in triglyoceride level,

Fructose or staroch restited in incronse in cholesterol than

glucose cles,

Derget st 3l (1978) anda caster gt al (1978) roveal

fruetose lowers plasma cholastarel,

Noranl subjects and patien:s with aisor glucose
intolerance given diet with 80: carbohydrate showed & gread
inorease in oholesterol and triglyceride of plasma liporpretein
frooifon concentration relative to the protein coateat, darri,
a flour form oassava, & staple food in Nigeria decreases
piasas cholesterol eoncentration (Umonog™s gt al,, 1078),

Erdsan (1079) reveals that 2% gelled agar lowers the
1iver cholestorol in albino rat fed 1% oholesterol dfet,

The insclable poctinooecus fibres intoeract with
aotals and iipids, Tho hydrogen fon form and neutralised
forns of peatinancasouns fihors contatning specifio catiens
were investi nted in conjunoiien with acidie and rnentral
1ipids (Abstruot of Papers, lNinnosota, U.B.A., 1078), -
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Exoteins:

Carroll and Carroll gt al. (1978) state replacemsant
of aninal protein with plans protein decreases the plasma
cholesterel,

/

Von Lossoneay gt gl (1978) reported that a fish diet
$o human voluntoers reduced plassa cholestersl and
sriglyoerides,

Tarner (1978) suggests leanmeat, fish, poultry are
beneficial in scheoking iipid levels in the hood,

Nair ot a] (1078) and '‘nn (1977) reverl Yagur.t and
ailk have oholeskerol lomoring mmiiu..

Kritchevsky et al (1979) reported thas rabbits om a
oasein containing parified diet conversed oholuumll to
bile scids st a slover rate than rabddiss on a chow diet,

linmilton and Carrell (1078) showed in general that
proteins of vegetable ori;in were less hypercholestereleato
Shan those of animal origin,

sont gt al (1978) says shat Bengnl gram hasg been
reported %0 have hypecholesteromlemtic assion, the other
common Indian pulses have i:een screened for simtilar offects,

Mathur gt nl (1969) restates the same and justifies
this effeos to be due to inoreased exeretion of oholesterel
as bile acids and nentral storols and deoreased synthesis in

liver, ;l



Hypocholesterolasnic effect of nengal gram which ie
well justified may bo mediated throughous the biochanin
present in the leguwe (ICME, 1977),

Algal protein decreases cholestercl level has bteem
found by CFPRI (Central Food Technolozioal Ressarch
Institute) workers (lilndu, 1979), Dein 8t al., (1979)
arrived at tho same,

Yisaniney

Bhaffer (1970) eites certain faote and hypotheses
that asecordic acid deficiency is a contriduting factor in
the development of myosardial, sortio and cerehral ’
atherosclerosin,

chanhan and sarkar (1078) ssates sthat aeutral and
phospholipid fraotions were inereased {n plassa and liver of
eholesterol fod scorbutic animnls as compared to pairefed
controls.

Ivanow (1078) states that lipeic acid inorenses thw
uptake of oxygen and deoreases total cholesterol,

visanin A retards She acoumulation of cholesterel
(Erdman, 1074). Activated Tedehydrooholestarol deoreases
serum oholesterol conceniration (Journal of Food Solence,

1978).

A}

¥ilson &t ale, (1978) reported that diets defieient ia
vitanin E may predispose to atherosclerosis ami hyperocholes-
tero lenia,




a1

Charsan g% al. (1973) anintain that large doses of
alootinie aoid reduce both free and esterified cholesterel
levels, Some has been roported by ICHMR (1982), Oster
(1977) substantiated the theory shat damage to the artery
wall by zanthine oxidase could bhe treated by tolie acid.

Klobur gt al. (1976) amsde an observatiom on the
effoet of high fibre diet and found by inoreasing fidre (3%)
in the diet the glucose levol came down dy 33% oholesterol
by 28% and triglyoorides by 184,

Hoore (1976) showed that a dfet contatning 205 butter
fat and 19% vhent straw wos auvod less hyperocholesterolemic
than one contnining butter fat and eithr collulose or
oellophane,

Malinow @t al. (1979) showed that nnimals fed on
comerioal chow aml cholosterol with alfalfa od thetr
veins cloar as against those given a diet witheut alfalfa
showing oharasoteristic athromatous chamges,

Cellulose and bran are eapahble of binding bile acid
cholestorel or fat and mightd e She cause of inoreased

steroid exorotion (Van Dersteya e al., 1979),

Saien. Seriie)

Sainant gt p)., (1979) found that individuals whe
totally abstained from onfon and gariic had significaantly
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bigher levels of serua cholastarel, triglycerides,
Belipoproteins and phospholipids,.

gpiony

cupta gt gl. (1968), uitsal ot _gj,,. (1074), Dasariar
st a} (1078), bordie gt gl (1977) roport that onion ss sush
and uﬁntlal ofl of onion reduce cholesterol levels
stgmificantly.

Aosive principle sulphida of allyl pessesses marked
cholesterollowering oreperties (dordaia gt gl., 1977}
Augastl, 1977} Jain gt ol., 3978 end Satnoni gt gles 1979).

Spinach stimulate intestinal nicroflera to fora aore
eoprostansl froa cholestorel (Iritomi ot gl., 1073).

Liouerx;
vujral g4 ple (1978) states that ginger reduce sorua
and hapatie Ghalesterol by inoreasing cholesterol exoretion in

facoos,

curcuain from turneric deereuss the cholesterol level
(Basarknr gt 21« 1918).

Uavid unkenfull (1978) rovealed that saponins iaduce

associntion hotween fidre and bile salts, partiounlarly with . .
dbile salts and with sterols im general,
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Probucod is a lipophilic bisephsnol that lomers serunm
cholesterol in several species, Compound 8Q 10,301 lowered
plasna ohalosterel in rats fed normsal or hyperlipiléenio diete
by bdlocking the biosyathesis of aholestervl,

Oral neomycin deerease the serun ehelesterol hy
inoreasing feocal bile acid and sterol exoretion (Lermer gi al.,

1978) .,
n. "l’ Bide o M g &) LR R ROV SR B

Bengal {(Cloer uhttm@) has
s hypesholesterexnio effect in several speciess of animals
inoluding (satour 9% al., 1963). It has been
suggested thad tils may be related to the prosence of bioehanmin

PRY GROLBSSErOEGREAL

heen shown to havi

A (8, Tedihydroxy 4'=asihoxy isoflavese and formonovetin
(T=hydroxy 4'=methoxy isoflavons) doth of which are known to
bave estrogenic properties (Bradhury and White, 1081, WIN,
ICMu, 1978),

iypocholensereuis effecs of benyal yrom is due to
increased exoretion of cholesterol as bile acids and neutral
sterols aml deareased synthosts in liner (Mathar gt al.,
1069),

Palish and Bungarinn workers have roported that
tlavaneids reduce the concentration of lipids (inoluding
cholestercl) in blood and tissues (Ssabe gt al., 1970}
Eadykow gt ple, 1978).

fiypooboiestereinioc effeoct of bengal gram whioh is

well jusiified may be rodiated throuagh the bdlachanin preseat
in the legune (!ﬂm. 1977).
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eddy (1:63) while evaluating the effeot of egy yolk
consumptien by rabbits on serua cholesterol ouserved lowering
effect of dengal cram on serun cholesterol( sslathi gt al.,
iledqay (1907) observed the same,

dadbavan (1071) observed the norphelosicsal slailarity
of bengal ;ram with ststrogen in histochomiosl studies of
rabbis tissues.

Sont 9% gl (1978) reported that bemgal sram to0 have
hypoohelesterenic actionr and other commen Indiam pulses have
been saorecned for similayr eftfeots,



131, EXPRAIMENTAL PROCEDURR

The mein ohjeotive of this investi ation was b0
aralyse and evaluate the ebolestercl and triglyceride
altering properties and tha hissologlonal changes of heart,
aorta ami liver iissuos ia albimo rats fed raw and roasted
Bongal grase

Aacortingly tho ~rooedure adopted in this tnvestigation
goversd the following napeetap

Mg seleotion aml pruonsain, of legunes
e Foruudasiva of dioid
Ce Halaction and grouping of the auiaals

be Feoiling the groups and evaluating the effeots
of prooesssd Dengal gram

An aversge indisn diet whioh is predominent in
cereais, pulsaos form the sajor source of protein (Paniknar,
1974 and Levadas, 19T9), Moss pulses contain about 20 - 3
per ocent of protein., Sudbulakshai st al (1976) reveal that
green grazs, chikpea, leniils, cowpea, deans, peas ato, are
uidely used in dieta, Iz aorihorn as wsll as sdathern reilons
of ladla, Dengal gram and roasied Seagal gram &'e very
comnonly eonsumed, Proteins fron végetable sources have
earned much publioity bdoonuse of t eir ahility to alter
oholestorol lovels {Carroll g3 nl., 1975) and Yadav 9t al.,
1977).



Studles with Bengal gram (Mathur et sl., 19643 Madhawvam,
18743 Mathur, 1871 end Reddy, 1979) gresn gram, dlack granm,
peas and lentils, Sont gt al., (1973) have een dons to

reveal that all those lower cholesterol levelas,

Thios study was aflsed at exporirsnting with the raw
and roasted Bengzal gram (cieer arfetemm), Practionlly all
la . unes are consumed only after thay have bwen subjected to
some fora of processing or other such as heating, bdoiling,
ronsting, soaking, sprouting, dehydration smd austlavisg
{Bndbu, 78 and Chardrasskhar, t678), A)l these rothofls nre
tnown to fmorove palatability, alsor dtgeatidtlity, deercase
a natritional Inoters, reduve gas producing agentis and also
covert some vital vonstituents of the pulses inte siupler
componnds which are ultiwmiely beneficial mutristonally
(1iener, 10623 hay, 1009; 10705 Jaya ot al,, 1975; Rabu, 1978
and chandrasekhar, 1978).

In this study the selected pulse namely Bengal zraas
was so~ked in water for half an hour to rewve its husk am!
dried, shen ground into flour, Joasted Rengal gras was made
by soaking the gram for half an hour in water and then
roasting it 0 a texparature of 110°C and evoling and
grinding it in the flour, The quantity of flour requivred lfor
the whole study was prepared in ome lot,

B. ropsuloiion of Piste;

The provessed pulsesd werg ired uialysed Lor aiwvwvgen .« -



ecoatent by nacrokeildahl method (NIN, 1074), in triplicateos
and the ocaneunt of protein {313 % 8,28) wos token es the hasfs
for formuia Ling -diote,

Totally three diets were foranlated for the wmhole
experiaen el poried, Thore vere, an stherogenie diet, a
rer Dengnl pros ¢fet eod raaatad Peppgal) sran MMat,

Athero oulo diet provided skim milk protein at 13 per
cect lsvel, The experisental diets Liowsver provided skim
milk protefin st & per eent levels, the veet of ithn 19 pay aent
being derfved frow Dlengal grem, Thus the pulse diots or the
experinental diets also provided protein at 46 per oox;t

lovele,

In sho aterogenie diet the sonrao of fat wos ecconud
ofl at a lawsl of 30 per cont {Sreokusar and Kamp, 1978),
In the other diets mamely rew and ronsted hensal grea dtnts,
greund mnt ofl st nine por cent lavel was ured as a souree
of fat na an avors:e Indian diet conteine ecbout 10 g of
vazotable ofl (Aohayn, 1978). The resson for uaing gromnd
sut oll as & scurce of fat in the second phase of tho sindy
was (o stabilize cholostervl levels as far as possidle
(Landos gt ul., 1974),

ihe vitoain amxl aineral nixture wers supplied at twe
per vous and four pex oedi levels respectively to supply
adequate ganntilities sf theme nuirients, The rest of the

wai bt vas made ud with corn starsk,



ALY the diuls morwe arepured at the atard of the
sxpurisent ond stored in the dnap {veeza,

he detalled cvaposiilion of shese divts 1s presented
iz Tadle I and the formmlation of mixturo is given in
Aspmadis .

TADE X

PERCRATANE COMPUSITION OF TuR ATHESUULNIC AND RXPERIMENTAL
PIETS

& BT R LR R HW L AN T KNS Y NN RN W R T T R
Experisontal

5**‘@“8‘31@ W WD N s e s en e W

Pew Gen:al. Roasted

griom hongal
I gl
Ekim nilk powder 66 24,30 24,3
Visemin 2 2 2
dineral 4 4 4
Starch cosmereial 19 10,08 26.17
Pat ac 0 0
{Cooonut otl)
&aw 29ugal grag Llour — 30 —
doasted Bengal gram flour — o~ d.44
fotnl 00 §00 100

LR R B K NN BE - BN NS B SR BE- NN B BN BF N NE B NE BE BN -V EE-BN NE - NE RN RN B )

T9alve nale al%Mno rats vore selooted fFroa he

labdaratory stook colony and grouped iaso ihree groups,



A nanber of seientists investigating she effeots of
different foods on the lipid profiles ssem 0 Mave seleoted
aninales of aifferont ranges of wei;hét for their studies for
exanple Mathur 9t al., (1078) used rats weizhing betwsen
150 =« 300, Yadnvy gt nl., (1977), between 100 « 120 g,
Sreskumar and Korup (1078) ased rats wei hing 80 g; Martin
2% Bleo (2079) albine rata bhetween 100 = 180 g, and Anusuys
Devi gt nl. (1079) aldino rats weighing 200 ~ 320 g,

In thie atudy rats weishing 140 « 170 g were
seleoted, The study was conincted in two phases. Ia the
firet phase 12 male albino rats were weighed and Imuo?a in
individnal oages, All the animmls were placed on an
ashercgenio regimen for a period of 60 days. Food and water
wore provided adlibitum, Al the end of this pariod ome of
the sroups was saorified and the liver, heart ant aorta wore
renoved and prasorved for the histopathelogical study,.

In she seoond phase of the study, the other two groups
were fed experimental diets, Group II was provided the raw
Bengnl granm diet and Group 1XI rossted Dangal gram diet, The
diet was fed adlibditum for 45 daya and animals were
sagrificed at the ond of the phase, organs, heart, aorta,
1iver were recoved and preserved for histopathelogical study,

Criteria for ovaluntioens
) 79 Rood fntalm
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2 Heteht gain

3s Cholesterol levels

4. Triglyeeride levels

8. listopathelogleal etndy of seleoted tissues,

™he animals wore given food and water adlibitum every
day aceording to ths diedary sohecdule presented ia Table 1I,
TABLE XX o ,

DETAILE OF DIETS PROVIDED 70 DIFFERUNNT GROUVS

LB B BE B B NN BN NN BN BN BN BN OBE B N BE O BE NE BN BN BE BN BE BN BN BE Sk B BN BN

aroup Ne. 0 97 154 pnase (60 days) II Phase(4s aays)

rats
B T I I T e
) ¢ ¢ Atherogenie dlet . -
 § 4 4 Atherogenie diet Raw Bengal gram diet
11t 4 . Athmregenio diet Roasted Dengal

gras diet
.."."'.Q..‘.‘QO..U"Q.O.'COOQ.
Food for a particular group of rats were weighed ou
e separatoly mixed with suffiofent water and pressare
oooked to a seniselid consistency, Weighing in indtividmal
oups provided avre accuracy than weighing is bulk and
pouring 1% into iadividual cups,

The food intake of the animals was assessed Wy
recerding the amount of food consumsd every day, The left
over food was cloansd off hair and exoreta,placed im ssparnte »

sanbered watch slosses and heated 1 the oven overnight w t411
oompletely dry, 8pilt food for individual rats was alse



at

eollsoted and pooled An with the left over dietd. Food
intake was enloulated dy subotracting the left over fesod
from the quantity ef food given to each anfanl,

3. §ediht seiny

A record of the weizghi gain in all the rats was
assessed by welghinmg the animale weeskly, This wos done te
oteerve the relative growth promoting abilities of each of
the datete,

3 ghelentoxel levels:

The cheleatercl altering ‘pmmrﬁhn of pulses fs well
known. Studies have proved that Seazal gram (Mathwr 9% al.,
196843 Mathur, 1074, iadhavan, 1971 and Reddy 9t al., 1979)
lowers exvlesierol levels significantly in all saamls
inoluding mn,

Chelestercl levels were estimmted defore starting the
sxperisent and then twice every moath till the end of
experimental period,

4

Since itriglyceridesnia ia also & risk fastor in
atharoselarosis, asttompt was nade in xmeasuring serun
triglyeeride levels, At raondon one rat was seleeted befors
the experiment and blood was estimated for the normal level,
The procoedure is given ia; Appendix II, 7Then at the end of
atherogenio pertod, and of the experizental period on twe




dists again Blood was collegted from the rats and serua
triglyooride was ostimated,

Nlood was colisoted in the live antanls by severing
one ané a hnif contineters of the tail froa the tip with a
sharp biade, (iw out eni was shen lowered into s olean
test tude, A pleve of gotton wool dipped 4in xylone was
rubhed over the whole langth of the tail, without scuching
the wound, to fanilitate tn an easy flow of blood, Xylens
was ased to dilate the najor tail vein, About 4 =il of
blocd was sollected hy this nethod from eonch animal, After
sellestion of bdlood tho wound was pluggzed wish & niece
of cotton Aipped in tincture iodine. Fstimmtionms for the
cholesierol and triglyocerides were done within three days
of ocolleeting blood, in triplicates,

Final cstimniion was done for the blood drawn W
direot cardiag puncture after amsesthetizing the animal,

After saorificing theamimals, the hoart along with the
sain dlood vossels and aorta was removed cleaned off hlood
by blosting 1t on cotton and preserved im 10 per cent
foraalin, hole liver was alec resoved and preserved
sinilarly.

Btwiies wore prepared by fixins, dshydrating, impregmating
in wnx, embodding, oultting and staining the tissues with hacmaw
toxylinoosin, Those were viewed under nioroscope, The )
progedurs is given in Appendix 111,



IV, REIULYE AND DISCUSSION

The resulis obdtained on this stody pertalsing %
the sffect of raw and roasted Bengalgran on some physiolo;toal
parsmsters in .ibino rats ia disoussed mder the following
hendingss

Ae Food tantake
Be Welght zails
Ge Cholestercl lsvels
De Teiglyseride lavels

Ee lilstopatholezinal ehanzes of the seleoted,
tiscuse,

e tuelve mule aldbine rats selected were divided inte
three groups avcoording to their weighis and dosigmated a8
greups I, Il and IR1,

is the firss pimee all tie twelve rais were fod an
atherogenio distary regisen and were observed regnlarly for
ehanzes in blaod 11pid levels and sxternal symptoms of
essontisnl fatiy scid deficloney,

Around 3¢ 4imd dmy the rots started developing
essential fatty nojd deficlonoy sympionms like lose of hair
en the head snd trunk, scaling of the skin imn tho tail
regicn were obssrved, The rate maao lethargio, food
intake was dicinished and anorexia cbeerved in all the
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animls, Ry the B4th day, throo rats developed sovere fatty
soid defioloncy amdl urine wos sposttod oith blood in those
animals. LCwven the intnke of wator siarted deoressing. Nenee
it wmas declded to end the Zirst phuso of the stuly nanely
foedlng of tue atherogentie dies after 60 days, Sinilar
observation of development of essontial fasty aoid defleieney
oiith athwrogonis 4dint in 60 days has desn ohserved dy Harr
and Durr {1926}, Flzare 3 shows the loss of hair and scaling
of skin in the deffolent rat,

The mean food intake of the rats on atherogenic and
experinental diets is given in Table 1Il, Weekly food
fntaks of the Lladividual rats are appended in Appendix IV,
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It ¢#as noted that the food consumption on an average
during the first phase was aroand ten grass. The average
fatake in Groap I was 10,08 L., in growp II 10,83 and in
group IIX 0,08 gs It was also recorded that $he intake in
mont of the rats showed a sudden fall, then a gradual
inorease and agnin 8 deovease at the ond of she exparimsntal
phase I, This sould prodably have heen the cause of
devolopment of essential fasty aold deficiency due 10 a
high eomentration of coconut oil in the dlot, Thie is in
iine with the results obtained by Burr and Barr (1920) whe
stated that, if hplrogesated ococomut oil i added to. the
dies eosemntous soaliness of the skin develops markedly
over the tail soonor and :srowth ceases cariier,

since the £irst phase mauely the atherogenio dies
phase ended after eiiht weoks whan considerable inorease in
cholestercl aad iriglycoride levels were svidensed by all
the rats and vhen ossantial fatty aceid symptons were
ohserved, three rads were sacrificed froa group I ia order
to stady she histopathological changes due to antherogenie
diet, The reaaining rat of group I(Rat No.4) (Tadle III)
wns grouaped in Group 1I amt fed raw Bengal gras diet during
she essoond phase of the sxperiment, The second phase of the
experioent lasted for 48 days,

In the segond phamss of stady group II was fed with
raw Jengal gras dlet and greup III with roasted lLongal gram



diet, luring this porfod the food intake inereased in all}
the anieals to a saxiaus and the averaze intake was higher
shan the ashervisajc phasec, A higher asan food intake was
recorded by rats on raw femgal grom diet (13,67 g.) tham the
rats on roasted Bengal gram diet (11,8¢ g). On an average
group 11 showed an inoreased food iniake aof 15.1 g« per
woek and growy 11X 13,3 g. per week from ths atheroyenie
phase, Figure 2 repressnts the food intake of the ratse
during the twe phases,

.

Table 1V depicts the total weight gains of the rais
in di1tferant groups and in the two pmses of tho stmly,
weskly gain in woight of Lndividaal rats is given in
Appendix V,

- PABLE IV

TOTAL WEIGHT GAIN(GRAM) OF THE BATS IN THE TWO PHASES OP
THE BXPEQTANT

Group I Group I1X Group 1IX
Rat W W N DG W U WG UG WD WS @ e
(rirst phnse Pirst Second First Second Phase
alone) .
“"‘Q-Q“”"QQﬂﬂﬁ““-"““‘n-‘
- § 069,808 70.41 60.39 84,03 84,70
} TO.4 88,34 87,70 a5.04 38,83
3 67,8 T7.49 77.18 87.77 61,98
¢ 63,86 63.Y  B87.4 73448 T3
8 -—— 68.00 63' i1 “— -

W AR AR G GR AR A Y WP A W WD A W We W U W W

Avera
go In/‘.
wook 8,479 8,338 10,48 6,879 9.36
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In the firat phase of tho study during n;hioh the
animals were maintained on ap atherogenic diet the total
weight gain over the af; bt weok period renced from 54 %o
78 g» The anivnls in groups I, II and III resistered an
averaso wolgbs gain of 8,479 g., 8,336 g, and 6,879 g per
week respeotively during this phase, It was found dhas
group I rozistersd the maximum gain in bhody weighs,

I$ wan fowxl that o8 the food intoke inoreased upto
soventh wsek the hody welight also inoreased showing a
positive correlation (»r = ¢0,7217) and $hen started
deorensing protably due %o ossential fatty acid defiplesey,

In socond phase of $he stady the animmls re:istered
coasideratiie inoreases im body weights, espocially the
group on raw Dengal ;sram dies, In doth the groups the
weicht gaiu was aarimd compared to the phase I, The
average weizht gatn for the group IX and group IXI1 in the
ssoond phnse of the experiment was 10,48 g, and 9,38 g.
per week rospeatiwvely, Figure 2 represents the pattern of
weisht gain in the twe phases,

It was interesting to note that soon after the shifs
over ofrem the firet phase, the food intake of the animals
in both $his experimental dists inoreased as also the weight
gnin tndioating a highly poeitive correlation (r » +0,840
for raw Lengal gram died and r = +0,710 for roasted Sengal
gram diet) and hence the value of pulses as petentinl sources
of growth promoting fastoras.




Co gholestercl Levols;

The cholestercl levels in all the three groups of rats
ware ssasured at the start of the exporiment and thea once a
month during phase I and t:on omrards every fortaight is
phase I1, The asan umlu blood cholesterel iwol was
found %0 be 130 mg/100 al, ¥he mean cholesterol levels of
the rats are presonted in Fuble V, The details cf the
cholesterel values for individual rat {s appended fn
Appeniiix Vi,

TARLE V¥

MEAN CIOLESTEROL LEVELS IN mg/100 =1 OF BLOGD IN THE

P90 PHASESS
Q.O..Iulﬂtﬁll..nlnh‘#ld‘l-t.ﬂla
Athorogenio BExperisental
np W W G D W G AP AR WS WK WD W D GE AR W SR Gk MR W WD G M W W

30 doys 60 days A5 days 30 days 43 days

W WS G NP P S WD A G WP G A N W WS AR W W A AR W W W TR T R T e W W

 § 4 210,68 377,50 208.78 166,00 154,00
9 4 4 273,18 407,00 212,60 263,78 132,80

. 20 BE IR R BE BB BE BN OBE BN BE BR BB AR BN BN BE BN B OBE AR BN BN BN BN BF BN B B

#ioan fnttial level wos 136 mg/100 ml,

¢then serum cholesterel lovels ia the individual were
considered {Appendix VI) during the atersgonic diat phase
ia all the groups it ranged from 170 s¢ to 310 mg/100 ml,
of dlood in the first month and 300 mg/100 ul %o 638 mg/100 al,
of blood Guring the secomi menth end, On an average during ., .
tie firet 30 days, tle serums cholesterol levels in groups I,



43

IX ami LIl were 207,86 /100 nl, 310.65 ag/100 a), 372,98 mg/
100 ml of blosd respestively. At the ond of the phase I
(60 days) 1% further inoreased to 458,38 mg/100 mi, 377.8
/100 Bl, and 497 mc/100 ml, respectively for the thwee

#roups,

In tho second phase of the study rate im :sreups 1I
and IXI were plagced on raw and roasted Bengal gram dies
pospectively. The dieis were continued for 43 daye.
After fifteen days She cholestercl levels hag fzollen
frem 4he previcas lsvels.

The average gholesterol levels in the animnls ef
group I1 bhad fallen frou 37Y mg/100 ml to 308,78 mg/100 =l
and for group 111 from 497.3 mg/100 ml to 2313 ag/100 ml of
blood, After Shiriy days the averaze cholestercl levels
bad desrsased further t 156 ny/100 ml ant 163,75 ng/100 al
for groaps 1I and 11l sespectively. The cholesterol levels
turther came down to 104 ng/100 al and 132,85 ag/100 =l of
blood at the end of forty five days., Those dotalls are
depicted in Fizure 83.

The statistical comparfsen of cholosterol levels
between the atherocenie phase and esperimeatal phase in
groups I and 111 were dooe using paired *4' testing,
Comparisons in she ocihclostorol wvalues bhetween the raw ami
roasted Senzal zram and betweon 18th, JOth and 45 days ia
phase 11 wero also made using 't! testing, The data i»
presented in Tadle VI,
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TABLE VI

STATISTICAL COMPALLEON UF CBULLSTEIOL LRVELS SETWESM

PHASES AND NWMUEDRD OF DAYS

LR AL B B L B R R N R NN NN N ENY N NN RN

Source of eomparison

-Qﬂ“mﬁﬁﬂﬁ“'.-‘ﬂ“ﬁ‘%-ﬂﬂ
ik Y] .'LQJA" . e T
Zonsted Sengal gram diet (18 adays) Ve
daw Dengal gram diet (185 days)
Ronsted Lengal sram dies (0 days) Vs
fiaw Beagal gras diet (30 days)

idoasted Jengal gram dlet (43 days) Ve
knw Hengol gros diet (48 days)
Betwesn Sbe dares
Jax _Sencol Sxaa dliek:
{5 Gays V9 0 days
$5 dnys Vs 80 days
30 dnys Vs 45 Saye

15 cays Vs 30 days
15 Gays Vs 45 days
20 days Ve 48 dope

Eaired °I° tests
Atherogenie dfet Vs Raw engal gram diet

Atherosonic dist Ve ioasted Heagal
gram dliet

'3t values
- dh W W 5
4., 84003 90
0.345Y

1.78%4

0,07T07
10,3608 *»
1.038

02342
6.,5000%
2.0478

0,068

2:.391%

ssiignifionnt at ons per ecut level,



The observation 18 the jresent investi astiom further
arings out the faot thad roasted Hengal gram has much more
bensfiolal effect than the raw sanple and henve the valwe
of simple processing technicuo used for homesoale proceseing
of oommonly consumed legumes in lowering the oholesterel
levels.

It 18 ovident that there is a highly sigmifioant
(P < 0,01) difference for both roasted and yew Bengal gram
in the cholesterol levels when compared %0 the stherogenis
phase of tha saae antmals,

whan the raw and ronsted sanmples were ocompared for
the eholestervl lowering effect it is evident that there
is highly siznificant diiference between the greups in
18 days pariod (P < 0,01), However by the 30%h day and
48%h day, the statistical analysis betweon the exporimental
grouaps was not anch sisaifioant though the animals on
roasted Bengal granm diet showed rednoved levels of
cholesterol than the animals on raw 3engal groa diet,

Though thoro was signifieant differonce in the
cholesterol lavels botween tho atherogeniec and the
sxperimental groups, statistfoally it was not significant,

“hen days were oompared for both raw and roasted
sanplos, o8 the periodivity inoreased thore was signifieant
diffewence in blood sholesterol levels., T™his szaim implies
that daily consumption of puloe yrotein has cholesterel
lowering sffsot, These results are in tune with the reported
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resulte in the literature (lamilton and Carrell, 1978 and
" soni g% ple, 1079).

Mathur gt al. (1977) restates the sane and justifies
this effeot to de duo %0 tneressed sxeretion of cholestersl
as bile nolds and neutral sterols and deoreased synthosis
in liver,

hen the food intale and sholestorol level of the
animals was compnred, 1t was found that in ths atherozemie
phas ¢, a8 the food intake inoroased the ocholesterel lovel
also tnoreased showing s posisive correlasiom (r o +0,384),
In the Izporl‘unhl phase, as the food intake inordansed,
the choMestercl lovel oamo down as shown Dy megative
sorrelation (P » «0,1588 tér raw Sengal gram diet and
r = «0,0306 for roasted Bengal crom dlet) and hence the
effeotive use of pulees in onr daily dies., Table VI
presents the relationship betweon food intakes, weight gaim

and cholostercl level in both the phases,
- |

'-

e i e
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PABLE VII

48

BTATISTI0AL COMPARISON OF GROUPS FOR FOOD INTAKE WEIGHY
| GAXIN AND CHMOLESTEROL LEVELS

A SR N BN OB S I B B ONEC AR BN AR N BN BN BN AR BN B AR N B BN 3N

. . Correlantion
Groups eompared coetfietent 'r?

M NS A N WD M WS N W AR G WD W A A AR Gk e W AP W R S R W AR W W

Asherogenio diet _ «0,331%
Raw Bengal gran diet =0, 1588
Roasted Bengnl gram dled «0,0306 ,_

Atherogenio diet +0, 02066
Bew Dengal gren diss -0,2870
sjoasted Dangal gran dliet =0, 1504

Simtlarly, the relationship Detween wsight gain and
cholesterol level was slso caloulsted, The experimental
groaps showed negative ocorvelationindieasins the possible
role of pulses in reduoing she dlocod oholesterel level
whioh $10 one of the risk faotor in atherosclercsis,

e

Elevated fossing plasma coneentration of triglyecerides
is an independent and fmportant risk faotor than cholestorel
in syesardin) iaforotion (Carison amd Nytticer, 1072 am
JADA, 1974), Serum triglyceride are hypardolisally relnied

"



%o HUL « cholosterol (Lanves, 1079), 'lence in the prosentd
stady At was alse though of interost to evaluate she
triglyosrido lavels of randonly seleoted rats of all the
groups, For this >urposs one rat was sacrifiesd during the
o ‘of snoh nhese fvow each group and comparison was made
with Tad on stook dliet, Viwm daia obtaimed fte zivem in
Table VIIX.

TABLE VIiIX
TRIGLYCELIDE LEVELS OF TIE HSEMBOTEL RATH

L B BN BE BN BN BE BN BN BN BN BN B B BN BN BF BF BN NN N AN B BN B NN NN NN SN B |

_ T™ri; lyeeride level
8.No, Diet 100 ml of blood

| I Stook dlet 3y
- 19 Atherogente diet 68
8. faw Senzal gram diod 49
b Doasted Bensal gram dfst 30

Triglyceride levols showed a suinilar trend like
onolesterol, Amon; tie experimental dlets roasted sengal
gram diet showed triglyceride level on par with moranl
level whereoas the Wriglyceride levels of rew Sengul grem
dtet was slishtly higher, fowvever, both Shese wvalues wers
anch lowsy Shan tia3 atherogenio diet phnn; This furither
faplics shas roasted Bengal gruu bas greater deaeficial
etieod in uringing down the risk faosor aasmely triglycerids
levels assooiated with athervevslosis,



The liver, heart 2nd aorde of the anfimnle srerificed
at 'thvp end of the first emd secomd ohases respectively were
sudjected 0 histopatiologloal Sxaminntion, ~*tieﬂ of the
liver, the apax aectium of the heart io siudy She coromary
aptaries and the seotion of tho asrta itself were teaken.
Stadies ia mnamals incluling een revaal that deposition of
1ipids ocholesterol is asinly evident in the corommry arteries
ami asrta.

The indin:® ol the study Ls dliscuassed phasewige,
choge 1 .

In the first phusc of the exporioental psrisd, all the
anisnls were mintained on an athervgenio diet, iiloroseopie
examine tion of the heart seetion throuch the apex of the
hoart (7 ® 3) showed the soroanry artery with ascocumulation
of fat e,t in tho initial lining hemeath ibhe endothwlial
iaing, ‘hoss fat eolls are seon as sigmt ring cellr
eontainin: s alesr aytoplasa and neelei pushed peripherally,
The base showed no caoromary vessels in tho seotfion. This

soromary atieresclerosi: is invariably associated with aortie
atherosclorosis whioh fs an fapartant digenerative disease
of arteries whioh may lead to stroies and shrombosis,

The aorta of this zroup showed loeal thiokeninz of
walls and these thickoned arets showed vacaolated spaces
between i@ elastio lamollae. Those interstitial vacuolss —
are sugiestive of 1lipid acoumalation, FThese vaouoles are



Figure x‘t

ACCUMULATION OF FAT CELLS IN THE INTIMAL LINING
OF THE CORONARY ARTERY

LOCAL THICKENING AND PLAQUE FORMATION OF
SHOWING ATHEROSCLEROSIS




aore towards she lumen and extendiing imto the wmedia nleo.
The isgues are ewbablished lesions of aiberoscoleroels,
They inorease the Shickmess of intima and enéroach on the
lunen of the artery. Figwre § deplets the detatls of the
tinding.

Thin is indiocative of %8 faot saat ¢ high ecconms
oll d1st of the order of 0 per eeni givea for a pericd of
60 days i3 ¢ojadle of induoing >laque formpiion in the
arterios of the rat, This is in line with the results of
Marisa ¢t pl. (1979) vhe nve tnviicated that a dietary
re:imen contalning oholesterol 3 per ceant, cocoomt oil
1.8 per eont and shicaracil 35 mg/100 gm body weight
pravided for a pevicd of two amonths {aduoced aelerotie plague
formatli.n in the asrtec and alse raised cholesiervl levols
to She order of 350 - 300 0g/100 ul from an inislal level
of 88,87 & 5.08 my/100 =i,

Ia the first abnse all the rate showed high fnoreeents
in chelsstarel leovels ( 300 ug/100 wl) which afght de one
of 1 veasons why plague fovmation hod developsd {a the
aorin,

fhe liver ttssuo in this group difered froa the
soroal £3 et it showsd a sparse distridbution of fat eolls
tndteatin: Sue farty degausration of the liver. ulycogen
souolation was vt prouinent showing the fatty liver and
this could go on to fidbrosis and olrrhosis,
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6
Figare ¥ indicatea the fatty deganeration of the
1tver, |

Ehose 113
sikoun L1t

Animnls (n group 1I were msintained on an atherogenie
diet in the first phase of the study snd subeeouontly placed
on & rav Demgnl gran dlet during the mecond phnse, Nicroseopss
sxaminn tion at the coromary avtery of the heort showed o
esnuiderndlo ascumalntionc! fat oells with wwoeanirie nucled
Just bencath the ondothelial 1ine (Ficere 73}; £iafday
vacuolated cells were distribuated spuracly Aia the deepsy
layers also,

The heart showed ayoearditis or inflianmation of
ayceanifun with fooal destrwetiion of ayesardial fidbyes in
cas $sclates arca, Ihis Is pros_ented ia Figure . ™
dostroyed myoeardial fivwes, rapinced by an accumlation
of 6olls with vesicular nuoleti probably retienle endothelial
celle wae seen., The heart shoved congestion and mild

gonanls tion,

The liver of Uile gtoup revealsd fatty vnouolation
ami degensrusion in s signfionnt manper (Figure 176). There
was spares Mt eignificant alsiridation of fat cells in the
liver M;;gggive ot aild fatty degereraticn,



SHOWING WYOCARDIPIS WETH POCAL DESTRUCTIOR -
OF MYOCARDIAL FIBRES
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iats tn this group were provided with atherogente
diet for 60 days and then subsequently switohed over to
roasted Sengal ;ran diet for 48 days.

All the sesotions through the heart appeared to de
normi. ?he coronnry vesssels mw‘, 2nl histelosy with
20 fat ocolls or inderstitial ch in the artery walls
{Fizwre t%. hore was congestion and Muu;

Aarta and lang showerd 89 npparent ohanve but there was

more granalatinon astriduted 3o hWigh protein pontent eof im
clat, Fizare t\é raprasents these detatls,

In the liver, ocemparatively less fat oells were seen
and thors wes no fatty degemaration (Pigure s%). Glycogen
Vaenolati rasteristio of normal and healthy liver
tissue) '1' vary prominent,

The nbove olted obzervetions an? discuseions in the
orosant lovestisotfon vividly Wrings out the faet that
pulees are indesd offvotive sources of growth sromoting
fantors and in faot roasted Berial gream has even more
bensfiolnl effoot tham the raw semple in dringing dom the
viwlosterol levoel whioh is one of the wost important risk
feotors in coromary heart disesne, ‘

ho bistopatihiologlioal nisture alve rovealsd that from
8 very asharogonio plojure, the roasted Sengal grom restared

i






the hears, liver and norts to & normml histoloxy, It
adgnificantly modified the fasty tafiliration froem what 1t
was in $he atoerogenie phases 1% thus brings out the
possidle role of processing like comnon heat processing
wethod nawmely, recsting in fully bteiagin: ous the potential
of legume proteims. lenvoe the rele of these legunes
speoinlly in the vegetarian diets and in maintatining a
lesser risk level in human ovnsuming such diets,



V. SUMKARY AND CONCLUSION

This etudy was carried out to investiznte the relative
offect of yaw and roasted Nengal gram on some physiolegtoal
paroneters like chamges in food iantake, wolsht gaim, oholestarel
lovels, triglveeride level and histopathologiean) alterations
in the heart sorta ond liver of albino rets,

Twelve mnle albino rate welphing 140-170 g were
grouped on their weight hasis in to three differems groups
and dosignated as Group I, IT and IIX, In the first phase
all she rats were adainistered atherozenio aies for 60
days, 7The food intoke and weight gain were recoerded for
all the rats, Issediately after the completion of first
phose the rats of ;roup I were saorificed, After
sasrifieing the animals, the heart, asrta and liver werse
resoved and preserved for histopashologieal analysis,

In the seoond phase of the stady group IX amd IXX
were transferved to raw Hengal gram diet and roasted Dengal
gran diots respsotively and the expericent was oarried ont
for 43 days. A

The seruz ciolostercl level was analysed every month
daring the atherogeanie phase and every fiftemn days during
the seocond phase and also at the bezianing and terainntion
of esach phase, One rat in eash group wos randomly selected
and serun trizlyeeride lovel vas estimated at the ond of

saoh phase,



In the second phase of the study group 11 and IIX
were tranaferred o raw Nengal grosn dlet and roasted
dengal gram diets respeetively and the oxvoriment was

sarried out for 40 days,

The serus cholesterol level woae amlysed overy month
daring the athorogenic phase and every fifteen days durinmg
the secont phase and also at the beginning and terminntion
of vach phase, On® ras in ench group was ramioaly seleoted
and seran tri;lyceride level was estiaated as$ thw end of
each phase, '

The animals wers saorifiosd at the end of the study
and liver, beart ond norta of $he snimnls were subjeoted
$0 histepatheologionl study.

The resalts of the study revesled the following faots;

is Cooomnt ofl in She concentration of 30 per eent
as 8 source of fat in thw Atet redoscs thw food
intal» of rats,

d. rrolonged feeding of athervienie diet fer 60 Jdays
broughs out the developuent of symptoms of
essentinl faotty aclid deficiency.

3. The average daily food intake registered inm group 12
was 10.03 g, group II 10,83 g, amd 9,98 g in
group 111, Guria; she first phase of the study,
In the second phase, jroup IX and gremp 11X
registered 12,67 g« and 11,86 g4 respestively,
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The rats fa groap I, II snd IIX registered an
average weizht gatn of 8,485, 8.34 g and 6,08 g

por week respestively durin; the first phase and

ia the seoond phase 30,48 g, and 0,36 g per weeok
rospeotively for gronp II and IIX showing

positive sorrelation batween food intake and woight
gadn 1n all she groups in both She pm;uo

At the end of “hase I, the cholesterel level
raised to 488,28 ng/100 ml, 377,85 mg/100 al and
497.0 ng/3100 ml respeetively tor group I, 1II
and 11X showing the possible role of coconut
oil tn tnoreasing $he blood cholesterol level,

AS tim end of tim etudy the choluurgl level
oaze down to 154 ng/100 al and 133,58 ag/100 =}
for group 11 and 11l respectively lho,wt“

the benefieial effect of Nengal gram especially
that of roastsd lengal gram ia the dlet,

Thoagh $i» ebolesterol lowering .ﬂnlt wos much
appreciable in rosssed eangal gram diet as
against the raw Benzal gram dtlet, the fall im
oholesterol level botween ruw and roasted saaple
was sigaificant (P 0,01, enly for the 15 days®
level and not for 30 or 48 days. ”

vhen the days a\nra compared for both raw asd
roasted samples, as the periodieity inereased
there was statistically eignificant differeme
in the cholestercl lsvels within the sample,

{
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Ve Lonsted Benzal gram diet showed drizlyoeride

|
lovel (36 ng/100 al) Ao line with norsal valme
(37 n5/100 nl) whereas that of raw Dengal ;rom
Clet wns slightly higher, |

10, roéding coconut oil alone for a peried of 60
days ininoed plague formation in the aorta,
ssumsulation of fat sells in the intimnl lining
of the curonary arsery, interstitinl vlnaucln
in the aorta and sparse distribution of fat
aolls in the liver, Glycogen vaouslstion wns

not prosipent in she lover.

3i. The histopathologioal results of raw Bengal
gran diet revenled considerabls accumulotion
of fat cells in the coronary artery. The heart
showed myocoerditis, Fatly muchuo;a amd
dezeneration of she liver was eignifiecant.

|

13, 1In the roasted Senzal gram dtes, mieroscopical
seotion of the hea®t, aorts and lasg showed no
apparent change, ulycogen vacuolasion ia the
liver wns wvery prominmsnt,

The above disoussions olearly putforth the faota
dessribing the posaible rols of pulses {n our daily diet
and the beneficial effeod uf roasted Dongoal yram in
beingin: down $he cholesterol level, serum triglyseride
jovel and restorasion of normal histology of the organclles
lke 1ive, hoart and aorta, |



Henoe the role of enzal gram in the dietaries as an
antiatherogenic faotor,

|

Some of the fatnre avenues epen for investization in
this and related arens ares

) This study needs to ho further ascertained with
husan sabjeocts to fully understand the onderlying
consequoncos, as dietary potterns are never rigid
fn huaan heings.

3. One could possibly study on tho effeot of
different concentrations of pnlses and' their

responses in rats, *

3, Another ohallonging ares needing thoreugh
tavestigation 1s the effect of cdifforent serenl =«
pulse « fat coadinations,

4o HMany other ccoking methods oan be adopted
and the relative effect of those msthods

88505360,

5, Female rats oould slso e used for the
tavestigntion $o stady the oontrol of pulses on
threir lipid profiles,

[

6. Different iipe protein fractions oould be

assessed,
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Copper sulphate
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APPLHDIX «» 1

Triglyceride slevation in serua indieate bazardous
developmont of Atherosclerosis particularly of Coromary
Arterioslerosis. Physiologieally it is found elevated in
angina peotoris exogencus Wgslmrmuw. sunsymtie
defeot in infants ani assocoiated with prebesalipopsoteinanmia
in dinbetie and sleooholio iipaemia,

ErAneielel

Triglyoerde is measured aftor hyirolysis dy estimating
138 glycerol content, Ths commonest prooedare imvolves
oxdation of clycerol to formaldehyde which is neasured
eolorimetrically with ohromatovepio aoid., The lipid extracted
froa serum sast thereiore " freed from other souroces of
glyeerel, phospholipias, in particular and frem zlascose whieh
on oxfidation oan also yleld ihe same, After absorption of
serun by meolite mixture triglyseride level is mensured,

Abouat 8 ml of venous hlood i{s obtained after $3 hour
tast as triglyeeride levels are inoreased and widely, variadle
after meals. Prolonged venous statsis oan inorease lipeprotein
ooneentration, As sorum lipid deponds parsiy oa dist the
subjeots should ‘have roceived his habitaal diet for 3 weoks
prior to sampling, Centrifuge the Sloed ad 2,000 « 3,000 r.p.n,
for 3 sinutes, :eparate the sorum and keep 1% ready for the
tosta,



Begsepte: (To be used for one test)

*zeyolite (sotivated) o0 1 8
GChloroform se D6 ml
forking Standard (0,08 ng/mi) e 0,8 m1

e lgohalio potassium hydroxide . se 1.0 m},

Aloohol oo 1.0 md,

0.3 X sulphariec aeia ee 3,0 m,

sodiun Metaperiedate se O.4 md,

Sodiam Arsenite s Oud mi,

a%¢ Chromoirepio aoid selutiom ee 30,0 md,
Botes ’ .

A3l the zlass warss should be washed on provieas day,
dried at 110°C kept dry for use,

Sieep the Zerolite in theoven at 110°C for ¥2 hour and
eool in a deseisator before use.

sethe 0,5 ml of stock alooholie KoR and aloohol and make
the volume t0 3.5 mul and use .

veeigsolve the Chromotrepic acid from one packet in 25,0 md
distille’ water, separntely and 75 al coneentrated
sulphurie cold % shromotropie aeid solution, Store in
brown bottle and do not use after 8 weeks,

Zroeseduros
fe Take a stoppersd test tube, Place 1,0 g of the
gerolite in {t, Ad4 0,8 m}l Chloroform and shake,

e Place 0.3 nl serum in the tube on top of the Zerolite,
AMd 4,5 ml of obleroform, Keop for 10 ainuies at raom
senperature vith interaitsant shakings (mininum 4
shakings).



3.
4y
‘Be

Te

8.

p {H 8
11.

13.
4.

Filter through whatmsan No. & filter paper,

Take one ml filtrate ia two stappered test tudes,
take anvther set of two stoppered test tubes and
place 0,8 al of stendard in each,

“vaporate the solven rrom all the four Subest a$ 60°C in
an sleotrically heated water hath,

Yo one tubs o in sach of the unkuown ang standard
and 0.5 ml, Working alooholiv X0ii (saponified) antt to
the other two tobes add 0.8 ml, alecohol(umsaponified),

Ksep all the tudes ad 60°C for abdont 40 minutes,

Yo all $he tubes add 0,5 ml, of 0,IN I 80, keep 1n
gontly doiling wmaler bath for 20 to 40 minutes te
renove the alochol, It is advisable to keep the water
lovel of bath oaly slightly adove the surface of the
renstion mixtare to avold svaporation of water from
the tubes,

Cool to room AEperASuYe
Add 0,1 »)l of Sodinm setaperedate, Keep for 10
‘imm‘ . ’ 1

Add 0,4 ml Na areenite $0 esch tudbo, The vellow
oolour of Rodine appears and df{sappears in a fow

sinutos,

Add 8,0 =) chromatropie aeid to enoh tubs and mix,

Cap tho tubes tighsly or pluz with cotton, Keep in
vigoroasly boiling water i-ath for saxstly 30 minutes in°
the ahsense of exeossive light,



18, Alftar coolin; deberaine the optical densities as
570 mu, or asing green filter,{(she solour ts stable
for several hoars),

o s
i S :

2 dte o

o - RERDONE S LT

0D saponified standard « OO umsaponified sta

i i B IENOUR
2 3

% 300

s ax 3 riglyoeride
(Te mnvert to m,0q/1itres malifiply the result by 0,08343).

ferclite {motivated) - & %1 g

Chloroform - 850 =k .

vorking Standard - s sl

Alooheltc KON (5took) - 3nl

Aleohol « $85 ul

0,2 X H 50, - $3am

Na usteperiodate - am

¥a Arsenite - 3 a2

Chrosoetropis aold o« ABmgxl
steraces

deazents except siandard could be proserved at rooms
Seaperasure, {0 not use the opensd vial of standard for more
than one day. Do not keep serolite iu refrigerator. Let it
gots inactivated, Prepare chromoterepic noid every I«3 weoks,
dormel Valuess 37 « 134 mgi{1.3 to 48 n Eg, /L)



_APPENDIX 11X

Yhe zeueral preparationol tiesue consits of

b T Fixation

2. Dehydration

de vicaning

o Infiltration anl Izpregration
8. ‘mbedding ar casting or dlooking

ie sixations

it is ovsenifal thas tissues be fixod as s00R AN
possidle after death or removal from the bedy to prevent
putrifaotion snd antelyris, ixation also helps to preserve,
harden, s9lidify eocllcid matertial and helps im optieel
difterentiation of tissue compononts,

Useally 10 poer oent forastion ar slighily higher
conoenérutions are used 0 pressrve spocimens,

#reparation of 10 per cent formalims

Forunlin (40 per oent foranldehyde) < 10 m}
pissilled water - 90 m}

Tissaos should b completely imnersed in the fixation

solution,

Aftseor fization delicato tissues need %0 be dehydrated
slowly, starting in 50 per eent ethyl aloohol, The tissues
are then plased in 70 per cent, 96 per cent and 100 per cent
aloobol for 3 « 4 hours im each solution, The voluoe eof the



reazent shonld be B0 « 190 times he hulk of the epecimen,
Defore sransferring to the mext oconcentration of aloohol the
tissue 1is 1aid on a ploce of filter paper and lightly dlotted

%0 re ove oxcoss fluld,

3¢ glearing of tisewer

the most comaon olearing agontes in uee are shlorofors,
tenmene, kylene tolusne, carbonteirs chlovide and eeder weod
oll,

small pleves of tissue are cleared within 2«4 hours
of impersin: in xyline, The tissue heocomss clearer as the
aloohel is replaced ewing to the differenve ia retractive
index,

Tissuos for eoleariuy s:0uld be lizhtly blotted during
transfer from onn roagent to the next, The volume of
clearin: azgent be 50=100 times that of the tissue, lssues
cleared in xylene should de given onechange after 0«80
minutes and tramsferred to wax whan they are seen to do
clear (iranslacent).

Inpreznation with wax {paraffin) takes placo ia an oven
heated to 54 = 80°C, The tem:eratures of the pareffin m."s
auss be saimialinod at 88 « §0%C,

Afver Blotting with filter paper, ibe tissue io
sransferred from the olearing agent to meltea paralfia wvax,
The volume of the tissus and must be ochanged at loast ence

|

W
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during ispeguation, This chanrze is effacted by stimply
11ting the tisesne from ane pot of wax o the next widh
maroed foroeps,

Sapshme or. hieekings
Tiesue 1o Blooked by tromsferring it fros t2w £imal
wax bath to a mould filled with nolten sex, laoverting the

tisgne ¢to frec the scyfpoe to be out froa atr dabbleos and
orfented so thnt this swince veste on the dage of the

mould, The Blook s t'en gquickly csoled,

Ixianing ihe bleaks .

vhan cattin; semtions on mioreiomos, blooks aued
first do trimsed and Yixed to wooden fillets, Wax is
t1em gomovod with a sharp kmife until ¥8 fnoh resains om
all stidos of the tiemno, urent cuare ie necessary to
avoid exposing the tissue at any point, and the adges ol
the dlook should bhe made parellel so that an even ridbbon
of sections result, The sarface of the blook which s to de
out should de trinved on the mioroteme dwring the preliminawy
esubting.

only snall flakes of wox sfwuld bo trismsed at a time;
triaain; largo plocos ean lend to splitting of she dblock amd

exposurae of fi@ ttssue; this will ‘ontail redlocking im
frosh wax, \

Yhen unoing a2 storotons with a flat metal stage on which
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the microtome with a flat metal stage on whioh the dloek
oan be fized direotly, a wooden handle spatula, or s metal
soalpel vhioh has boen inseried into a wooden handle is
heated In a buason burner, %hen hot, but not red hot this
is applien to the umdarside of the hlock and to & layer of
waAx on $he stage uatil the two wax sarfooes melt, vhen they
are gulekly and firmly prossed togethor,

The surfaces of the wooden fillet is firet serratesd
with a saw or a soalpel and oconted with hot wax, The blook
of $ie tiesuc 1s then attaohed to the wood im a sanner
desoribed earlior, Thé wooden fillet is then mounieg im
a claup type holder on 8 misrvtoms,

Sxitiac Ieshaione

ie Fix the block in the hloock holder on the siovetoms
in suoch a position that ¢ will be oloar of she katife
whon this is in position.

Se iarn baok the foad meclanisnm 299 Ahe micorotoms almost
as for onf £8 will ga.

3e Insors ibe ajppreprinte laiife in the Imife hoiler and
sersw it Mghily im position, oleck that she $41t of the
knife i3 sot ot & correct angle (if shis ie adjustable),
It is tatenced to ©sa the haife oblijuely, the sovable
Enife holder should be adjusted in the desired position,

4, Hove the Block holder foremrd or upwaru or adjust the
feo? moohanior nntil the wmax bloek s zlaost touching the



8.

T

8,

9

the knife, insare that the whole sarfave of the dleok
will aove parallel o t'w edge of the 'mife, and that the
leading edge of the blook is almost parallel %o the

ed; e of the knife in drder 1o ensure a straizht ridden
of seetions,

Tighten all the adfusiing sorows on the siorotome,
Faults in seotion cutting are more frequontly due te

the loosencss of the blook or %he inife in the sarly
stages of seotion ocutsin: than o any other reason, .

Te trim the bloock set the section thioknoess genge te
about 18 aforons ami with the rough knife or one ond
of a m large kaife which is kept for srimaine in
position, operate the microteme until complete sections
of the tissuos are being ont,

#eploee she rough knife by & sharp one, or move the
knife to a new positiong chaok that 1% is serewed
tightly in position, Raok the feod mechanism bdack &
11ttle to allow for sliight differencos which alwmys
axfist in different knives, and even in differemt poaris
of she sane knife., Apply foe to she surfoave of the
blook and wipe tiw surface free of water; this 1is
opiianl, but makes flat evan sections esasier to ount,

S8t the sthickooss guage: for routiane work 6 aforons will
give moderadls thin seetions with onse of cutsing,

The microtome ia now oporated antil ¢omplete sentions
are heing-oul, *
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10, Houtine seotions moy be laid in small oard board
boxos or directily flaanted on to slides, Smmll
oard board boxes on whis: ¢ nuasber er tis name of
the tissue is marked in pencil] are useful,

1te Cutting is normally only continwed until sufficlent
perfoot seotions have heen produced, 7The free end
of oach ribdbben is suppersed sithor with five forceps
or with ¢ fin ers uatil 18 is adout 13 tnohes fn
Jengths the ribuom is them froed from she knife by
wringing e dlaseoting needle up ander the last
seotion « ¢t nust wt be allowed to touch the cutting
edge of the kmife, The secilons are thea laif on
black paper and should be fized in position by
gantle prossuro with a finger at eaci ond of tiw ribben
0 avoid tiea being seattered by stray daranghts,

@uﬂw cutting, paraffin wax embeded seeotions hecome
slightly ceased, Defore dDeing attached to sliides thess
ereases musld be romoved and $he seotion flattered, amd
tais 18 achieved by fleating shem on warm water (30 « 60°¢)
by one of the following Shree methods. )

Therunstatically coantrolled baths with inside
coloured black are maintained at a seuperature § - 8
degrees below $h¢ melting point of the paranffim wax) or




an eaansel or zlass towl filled to the brim wish a ocorreot
tenperature may Ye used, Alr bubdbles foraing om the dbottom
of th# Aaish must Ve dislodged with fingers or by vibration.

Seotions are divided with a scalpel into lengths
gconvenient to 50 on a slide, uvsuaally single seciions or
3-4 small sections, ZHoom muet be left at sach end of the
slide, for a label on one side, and space oo the other side
%0 preveal any difficulty whono examining taem ander the
nioroscope. 1t is preferable %o loave 3/4 tfnoh for the
label and ¥3 tnoh at the osher end.

The seotion, or seotions are lifted off She heneh and
on to the sarface of the water by ianseriing the point of a
aisssoting oeedle into the wax at one end, Care being token
not Lo dacsage Sho lissue during shis preparation,

If oronsos in the sections do not disappoar inaediately
atter ocontact with water, disseoting neodles should be used
to tease them out dy applying one 0 each side of & oroase
with o gentle preseure,

A cloan or alduninised (the alhumin is prepared by
afixing albuatn of the egg with glycerine, and this is applied
as 8 very thin cosd into the slides and allowed to ary) slide
is balf submerged, tn the water and with a disseoting needle
the seator is brow,ht inte oontaet with 1t, With the needle
the segtions is then oriented on the slide by withdrawing
te slide and bringing the Llattered seotion with 18, It is
Amportsnt that only the wax edze he touwshed with the needle



and thét shis oporation be carried ous whtle there is still
water on tho slide, 7Tho sitde is then set in an upright
position to drain, The avunted sestions mny them be left
in the {nouhotor at a teaparature of 37°C over ntght to

4ry and are ready for staining, Mot stage mothed: MNas
stages apre avolilsoble commeroially with a speoinlly shaped
netal top whioch 48 leated and mointulned at 48 » 50%°C, A
clean or albuminiged slide L8 laid on tie hot stage, flooded
with distilled water and the section or sooticans are lsiad
an the sarfsee of t!e water, Cronses should bde teased out
with neocdles or forcops and shesliides left for a fow monents
to get wursm, The oronse will flastten oul dus to tmf hent,
ihen ocouplotely flat the slide 18 reoved from the ot
plate tho oxvoss water is drained off and the section
oriented intc the ocorreot position, It is then retarnsd te

the stago, seation downards to prevent dust fros eettling
on it and laft for 350 minutes, The section s then ready
for l“lﬂ‘a&;o

A olean or albdbuainined slide is floved with dlsiflled
wate: seotions are laid on the swrface and with the majoy
erenses reocved the alide, held aver a bunsen durmer for &
ssoond or w0 W slowly warm the water, If necessary a
second heating is given bdut the wax must not Do melted
during this asperation, The oreases will flatten out during
this operation, process followin; whioh the exocss water {s



drainsd off and tim slide pud fnto $w oven at a
tonperature of 37)C ar B6°C %o dry, The section Ls f
ready far staining,

Stages in staining and moontim. pareffin seotions:

Reneval of wax with xylol

2. Rydration with graded nlochels: e *
3e Stataing ‘

L Y Dehydration through graded aleohols

Se Clearing with xylol}

8o Mounting under a coverslip, '

$s iomoval of waxs Secilons are placed im xvleld
for -2 ainates to Giasolve she wax,

2 Rydration: The sootion is taken out of xylol
(1% should appear quite clear) and 18 s
transferred ts abeolute aloohol for 1 ainute,
whon it will Becoms apagae,

The seotivm is recoved from sbsolute alachol drained
and placed in 90 per comtaloohol, placed ia plerie aloohel
{saturated solusion of plorie aoid in alochol) for B-10
minutens, followed by sho washing in the siide tray for
10 minutes, The seations cre then transferred to 90 per
oent alechol for 8 minutoes,

J. Stuiatorl
8) slides are tramsferred from 90 per cent aloochol, .,

aftor hydration to hassatoxylin and left for
10«40 minutos,



b)

d)

)

t)

o7

§iides afier draining off excoos haesntoxylin,
are transferred o the slide washing tray and
wached unsil the seotivas &re blue (wen siret
re.oved from the haematoxylin there are pink),
This tokes ahout 30 minutes in Sap water anéd
s knom ns *hluing aeetions®,

S5estions are dipyped into moid aiephel when they
are sgitated for a Lfow seconds, ani roturned %o
the alide woshing tray aatil blae ayaim, They
should bs sheorved under low power of the
staining microsoope to onsure that they are
saffielantly ditferentiated,

if whe seotions are underfifferentiated Lt is
again raturned to the aoid alecshol for a short
poriod; rinsed in distilled wnater nnd returned to
the hnoantoxylin foy 10«18 nirmtes,

Seutions waich are Alfferountinted and blusd are
transterred to i per oent coesin for 34 ninutes
0 counterstaia then,

seotions are sransforred frozm oosin to the slide
vasiing tray for 3-4 minutos, this will
atiferentiate the cosin,

Aftor araining, seotions are trannferred froas
the alide washing tray to 90 por cont aleohkol
where shey are agitated for 10 « 15 secends,



&) rrom 80 per eeant aloohol thay are itransferred '
$0 absclute aloohol whore they are agitated for
10 « §35 scconds,

1)  They are taken from absolute aloohol I to Aleohol
11 for 30 seconds. !

8 g"lwm! t

* ’ Sectinns shonld bs transferred fron ahsolute |
alocohol IT1 %0 zvlol T and left until oomnletely
olear for 18 seconds,

B Sections are them tramsforred ¢to xylel IX,
when olear, froa whionr they msy be mounted,

8. Mouatinel

filetologlieal sections whioh eud %8 be oxanined Loy

any length of time or te be stored, asust he moanted under o
cover slip, Thors are generally iwo main clossess

1) Aqueocns media and
11) cesinous media

Canada Selsan {(refractive index t,83) s resinous media
fe & commonly used soumtant, It is obtained in a mortar and
pestlo until free of tuupe and dissclved ia aylol to 88 « 70 per
cent by weizhs,

1)  Neetanguiar cover slips are wiped with soft,
fluffless ;lass sotton, “

) A cover slip ie laid on o blotting paperg th‘o

seotion is reosoved from the xylol, the surplus



xylol is renoved by wiping '@ lack of tiw sltde
and around she eeotion, leaving a aargin of
about Y8 of an fnohj Shis ssage should de
quiokly coapleted to avoid the ssetion from
arying.,

) Une or two drops of Canada Balsam (deponding on
the sise of she coverslip are placed on the
seotion) deing latd along the atddle of the
section %0 re'uge the 1likulihood of trapping
air baubbles,.

°) The slido .is quickly inverted over the .
coverslipg one ené is placed on $he bdlodting
paper and the othor end slowly lowered unsti}
the dbalsom touches the coversliip, The balsem
quiekly spreads under the coversiip and the slide,
With the coverslip atstasched it is again gmiokly
inverted and the ooversliip guided into place with
a dissectin; needle,

Al alternative sethod s to put she momntant eon the
seotion as deso: ided, place one exd of the coverslip ea the
slide (clear of section) and with the aid of a dissecting
needlo slovly lower the ocoverslip in position,

ALr_babbles)

Alr tabdles may he expressed dy gentle prossare on the
coversiip with a dlssecting noodle, When there is more than
one air bubble Ln the mountant 1t 4 .oasier %o put the slide
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besk into xylo} (which will remove $he coverslip and remove

e seotion,

Haematoxylin and cosin is the a0st popular routine
staln and she ome devised by Ebrlich is the most popalar
beoauso of its duradility, easy fiferentistion and ocomparitive

DPOFEARABOY o |
|

As 8 eocanterstain 0.8 « 1,0 psr cont agueous selution

of water soludle cosin is gonerally preforred %o give & sore

informsative plodure, |

neagonts roguired for Ehrlich's Alum Masmatoxylin |

staing
Ssatining sine 30 « 40 xdnutes
Absoluts aloobol 300 m}
flanatoxylin 83
itetilled water 300 al
dlyverel 300 al
tlooinl acetic aoid 300 ml ,
Potassion olum in excoss
Eresarations

Baoantoxylin should be dissolved in aloohol and the
other coaponsnts added in the arder given, Fimally
potassiun alum is added shile the solution is chaken sntil
threre 18 a deposit of alum orystals at the botiemof the
etaok econsSainer, Glyoerol is sald to riven more even nreoise.

i
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staining and % siabilise the statin azainst over oxidation
and evaperation,

dlpeningi

After proparationof the stain 14 must be kept fin a
loosely plugged bobttls in o wara ant well 14t place
(window #111) until the oxidation of the haematoxylin te
hasmatein has taken place (this proceses is known ae
ripening). This will take $~8 nonths,
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