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ADSTRAC;'/'\ 

Querceti~ Rutinoside,) commonly known as rutin, 

molecule that is present \n tobacco, cigarette smoke, 

• ~I -

.1 

is a j)olyphenol 

cigarette smoke 

condensate and many edible plants consumed in man's daily .• diet 
, . 

(asparagus, buckwheat, apples, etc.). It has been,reported to s~imulate 

smooth muscle ce11 proliferation in vitro. Quercetin rutinoside has 

been suggested as one possible risk factor for increased atherosclerosis 

and coronary artery 4isease ~n smokers. This study tests the ability of 

. quercetin rutinoside to modify èxperimental cholesterol atherosclerosis 

in rabbits. Fifty five white male New Zealand rabbits were fed a Purina 

rabbit chow diet rich in cholesterol, peanut oil and BRA (butyla~ed 

hydroxyanisole) to produce a myogenic type cholesterol atherosclerosis. 

Fifteen rabbits were fed this diet and acted as controls while fort y 

were fed th~ control diet plus 2 g of quercetin rutinoside per day for 

14 weeks. A~rtic atherosclerosis containing a high proportion of 
" 

myogenic type, lipid la~en foam cells was produced in both groups. The 

extent of aortic atherosc1erosis expressed as a percent of thlL total 

aortic intimaI area covered with visible gross lesion was assessed in 

both groups. Cell proliferation (DNA synthesis) was assessed by deter-

mining the incorporation of tritiated thymidine into newly synthesized 

DNA of proliferating cells. There were no sibnificant differences be-

tween groups with respect to tritiated DNA synthesis as an index of cell 

proliferation ~nd aortic or pulmonary cholesterol atherosclerosis. It 

is concluded that quercetin rutinoside does not modify" this type of 
, 

atherosclerosisj but this does not preclude the possibility that quer-

cet in rutinoside may modify othér types of atherosclerosis [82]. 
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RISUIŒ , 
Le "Quercetin Rutinoside", communément appelé "rutin" est une 

molécule polyphénique qui est pr~sente dans le tabac, la fumée de 

cigarette et la fumée condensée de celle-ci. Il est rapporté que le 

"quercetin rutinoside" stimule la prolifération cellulaire des muscles 

lisses in vi tro. On suggère donc que le "quercetin rutinoside" pourrait 

être un facteur responsable de la sé~érité plus élevèe. de 

l'athér~sclérose et ~\~ l'artère coronaire chez les fumeurs. 

La présente étude du "quercetin rutinoside" à 

• modifier l'athérosclérose cholestérolique expérimentale ches les lapins. 

Cinquante-cinq lapins blancs, mâles, de la Nouvelle Zélande ont été 

"'-nourris une diète au ~olestérol et à l' huile d'arachide afin de 

" " ""'" ,. produire u~e athéro.sclérose cholestérolique de type myogène. Quinze' de 

ces 1apinp, qui ont été nourris cette diète, " représentaient un groupe 

contrôle, tandis que quarante ont été nourris la diè~ contrôle et 2 g 

de "quercetin rutinoside" par jour, 
, 
L'athérosclérose aortique produite contenait une 

pendant 14 
. .; 

pr~ortion 

semaines. 

élevée de 

cellules spumeuses lipides, 
j • 

de type myogène. Le degré de 

l'athérosclérose aortique exprimée selon le pourcentage de la surface 

totale de l'intima de l'aorte recouverte par'les lésions macroscopiques 
o ~ 

a été évalué chez les deux groupes. La prolifération cellulaire 

(synthèse de l'ADN) a été évaluée en déterminant l'incorporation de ia 

• } thymidi~e tri tiée dans l'ADN, nouvellement 'Gynthétisée des cellules 

proliiérées. Il n'y avait aucune différence entre les 2 groupes quant 

au pourcentage de la surface recouvérte par les lésions et la 'valeur de 

synthèse de l'ADN tritié (prolifération cellulaire). On en conclut donc 

que le "quercetin rutinoside" ne modifie pas ce type d'athérosclérose 

mais ceci n' empêche pas la possibilité que lé, ,- "quercetin rutinoside" 

puisse modifier d'autres types d'athérosclérose [8~. 
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.. 
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REVIn or THE LlTERATURE ... 

~ 

The Role of Saooth Kuscl~ Cells i?/ltherosclerosis 
, 

Most aajor theories of atherogenesis encompass the belief that the 

lesion is characterized by extensive cellular proliferation in the ar

terial intima [1,2J. Although atherosclerosis is a disease of the ~ 
ferial intima, any hypoth'esis must encompass thre;e cruc"ial features 

-,/ the advanced les ion : 

of 

1. focal cellular proliferation, 2. synthesis of large amounts'of con-
~ ~ 

nective tissue ~atrix components, particuldrly collagen and elastin, but • 
also glYCOsaminàglYcans and proteoglycans, and 3. depo;ition of intra 

and extracellular lipid [3,4). 

Many but not aIl major t~eor~es of atherogenesis place an over

whelming emphasis on the role of smooth,~cle cell ac~mulation within 
/ 
l 

the arterial intima. Evidence from many sources confer that·smooth 

muscle proliferation determines the extent of fibrous plaque formation, 
, . 

which in turn leaas to progressive clinically significant occlusive dis-. . 
ease [5J. Without fibrocellular proliferation, clinical sequelae would 

probably not occur. Since"atherosclerosis is a disease involving focal 

proliferation of cells in the arterial inti'a, it is of importance to 

know why smooth muscle cells modulate thei~ phenotype, proliferate' and 

elaborate matrix components. 

'\ """",,,' 
~ 

. Saoting and Athe~osclerosis: The Role of Quercetin Rutinoside 

The National Heart, Lung, and Blood Institute [6] has identified 
• 

three primary risk factors for atherosclerosis: elevated serum cboles-

.. 
) 

, ' 

• 

J 

" 

1 
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terol, hypertension and cigarette smoking. Because smoking rs an impor-

tant risk factor in atherosclerosis, there is considerable interest in 

increasing the understandlng of the tobacco constitutents tha~ may be 

invoived and in elucidat1ng thelr mechanisms of action. 

It lS st1ll not fully known whether inhaled smoke contains mitogens 

that could induce medial smooth muscle proliferation or hapten moieties 

that stimulate specifie antibody producti,on resulting in "ln jury" via ~, 

immune complexes or release of vasoactive amines. Tobacco const1tuents 

capable of 1nducing somatic cell m1togenesis are potentially fundamental 

to the pathogenesis of the fibroatheromatous plaque. 

Research to elucidate specifie compounds acting at th~ cellular 

level was carried out by Becker et al. [7J. Tobacco glycoprotein (TGP), 

a pOlYPhenol rich antigen (purified from flue cured tobacco leaves? was 

tested in vitro for possible mitogenic effects against bovine smooth 

muscle cells of the arterial wall. TGP is present in cigarette smoke 

and cigarette smoke condensate [7]. The carbohydrate moiety (glucose 
# 

-and rhamnose), the molecular weight (8000), the iron c.ontent, the amino 

acid sequence and the col our of the TGP correspond to that of an iron-

protein-chlorogenic acid quercetin rutinoside complex present in 

tobacco as a dark brown pigment [8-10]. This tobacco glycoprotein 

(pigment complex) can cQmprise as mu ch as 4\ of cigarette smoke conden-

sate [11]. When inhaled, the relatively smaii size (MW 1800Q) of the ~ 

TGP may permit it to cross the thin capiliary-alveolar membrane (0.5 

microns) and gain access to the circulation. The concentration of such 

substances in the pulmonary venous blood of cigarette smokers is at 

present unknolfn. 

) 

However,. it has been demonstrated that the inhalation 

\ 
\ 

/ 
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of tar-derived material (TAR) is associated with the activation of 

Hageman factor (XII) dependent pathways in dogs, indicating that TAR can 

enter the circulation 11a]. Furthermore, quercetin rutinoside alone or 
• 

coupled to albumin, activated factor XII in vitro and in vivo [13,14]. 

Becker et al. [7J reported that concentrat ions ranging from 25 to 

100 ug/ml of tobacco glycoprotein (TGP), TAR (the water soluble, non-

dialyzable, delipidated extract of c\garette smoke condensate), quer-
1 

cetin rutinoside - bovine serum- albumin conjugates (20 epitopes/mol 

BSA) , quercetin, the aglycone of quercetin rutinoside (Figure 1) and 

chlorogenic acid arelall mitogenic for bovine aortic s~ooth muscle cells 

ln Vl tro (expressed as percent increase over control) (Table 1). The 

capaci ty to be mi togenic together wi th the ability of TGP to activate 

factor XII and shorten the partial thrombopla~tin time [13] is deriv~" 
~ ~~~ 

" 
trom polyphenol èpitopes on carrier molecules. The ability of TGP to 

stimulate smooth muscle cell proliferation indicates that the polyphenol 

moiety (i.e. quercetin rutinoside) is not only present in molecules of 

TGP but is arranged in such a way tbat it is immunologically reactive 

[13]. Also, the extent of cell proliferation was inversely proportional 

to the epi tope dens,i ty wi th lower numbers of epi topes being more 

mltogenic than higher numbers. From these results, it was speculated by 
) 

Becker et al. [7] that quercetin rutinoside and epitopes like it, i.e. 

quercetin, can bind smooth muscle surface receptors inducing them to be-

come ccoss-linked, resulting in the initiation of mitosis. 

Critica~ Coamentary on Becker's Bypothesis and ID Vitro Vork 

Since each pack of cigarettes potentially exposes the smoker to ap-

proximately 1 mg of tobacco g~ycoprotein [15] Becker et al. [7] have put 

l '/~ 
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fonard the hypothesis tha~ the mitogenic effects of quercetin 

rutinoside in vi tro may affect smooth muscle cell proliferation in the 

arterial intima in vivo, thus compounding the growth of pre-existing 

atherosclerotic lesions. Therefore it becomes of interest to examine 

the hypothesis carefully and de termine if it is realistic. The reported 

evidence that a tobacco glycoprotein (containing quercetin rutinoside) 

from smoke can stimulate smooth muscfe ceU proliferation in vi tro does 

not prove that it can stimulate cellular proliferation in vivo. , 
It is not possible to explain the aetiology. of increased 

1 
atherosclerosis associated with smoking simply in term~ of in vitro ceU 

proliferation. Cell proliferation is only one parame ter in the growth 

of atherosclerotic les1ons, and therefore it al one cannot be regarded as 

the only indicator of atherosclerosis as a whole. Many other factors 

serve to promote/modity atherogenesis in vivo, these include: LDL, 

PDGF, age, hypertension, diabetes mellitus to name just a few. Yet many 

questions are raised concerning Becker's hypothesis. Firstly does TOP 

survive in the systemic circulation long enough without being 

altered/inactivated by the binding of serum proteins and secondly does 

it circulate in the blood in sufficient concentration to penetra te or 

diffuse across the endothelial barrier to modify celi proliferation? I~ 

has ~een shown that TAR can enter the blood stream [12], but is the TOP' 

sufficiently separate from the TAR to be a distinct component, thereby 

potentially eliciting specifie cellular responses on its own? 

In view of the fact that Becker and colleagues have put forward the 

hypothesis that quercetin rutinoside (as part of TGP) is a tobacco con-

stituent which renders smoking a riak factor for atberosclerosia, it be-

j 
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comes important to review the evidence carefully. Becker et al. [7] 

reported that concentrations ranging from 25 to 100 ug/ml of tobacco 

glycoprotein (TGP), tar derived material (TAR), quercetin rutinoside 

conjugated with bovine serum albumin (20 epitopes/mol BSA), chlorogenic 

acid and quercetin (the aglycone of quercetin rutinoside) are mitogenic 

for bovine aortic smooth muscle cells but not mitogenic for adventi tial 

fibroblasts. A study by Gotzos et al [16] however, reported that quer-

catin rutinoside in doses of 6.25 ug/ml and 100 ug/ml could induce 

fibroblasts to proliferate in vi teo as well as to increase protein syn-

thesis, although the fibroblasts were not bovine in origin. The results 

indicating-- that TGP may be a selective mitogen were supported by 

evidence that this pigment complex is also mitogenic for B lymphocytes, 

but not T lymphocytes [17]. Furthermore, it was demonstrated by Capelli 

et al. [18] that smooth muscle cells contained within embryonic arteries 

of chicks explanted in vitro in standard Wolff-Haffen medium in the 

presence of unconjugated quercetin rutinoside were induced to 

proliferate. This proliferation over control values resulted in in-

creased muscular and elastic tissue. The observation that quercetin 
..r,:, 

rutinoside induces arterial smooth muscle cells to proliferate was quan- f , 
tified histologically, yet no attempt was made to definitively charac-

terize the degree of cell proliferation or to define the actual number 

It is interesting to note t~t smaller 

dosel of quercetin rutinoside were more effective' than larg r doses. 
~ l' ----.; 

, - .-----
of smootb muscle ceUs [18]. 

The fa~t that smaller doses exerted na stronger p~oliferative e-ffect [18] 

seems to parallel tbe data presented by Becker et al. [7] whereby lower 

numbers of quercetin rutinoside epitopes were more mitogenic than higher 

1 .. ? 
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numbers. 1 

Becker et al. [7] reported 
'\j . 

that when pre-incubated with semi-
, » 

confluent aortic smooth muscle celis for 30 minutes the capacity for 

mitogenicity was highest for quercetin (expressed as peak percent of 

proliferation over control at 50 ug/ml) followed by chlorogenic acid, 

PDGF type one, TGP, quercetin rutinoside pre-inèubated with tissue cul-

ture medium, ~uerceti~ rutinoside - 8SA, TAR and lastly unconjugated 

quercetin rutinoside. This is in contrast to tobacco constituents that 

were incubated for 84 hours (Table 2). TGP exercised roughly a ten fold 

increase over control values when incubated for 30 minutes (expressed as 

percent of cell proliferation over control at 50 ug/ml) versus roughly a 

two and a half times greater increase over control when incubated for 84 

hours (expressed as number of cells at 50 ug/ml). This is significant 

as TGP did not require more time to exert full mitogenicity. Clini-

cally, this may be relevant in terms of chronic or chain smokers who may 

be continually exposed to TGP, although the kinetics of TGP in blood are 

as yet not known. It is important to note that quercetin rutinoside, 

conjugated with bovine s~rum albumin influenced smooth muscle prolifera-
R ~ 

tion (expressed as number of cells x 10,000 with N 2 x 10,000 cells per 

weIl or as percent increase over control with 2 x 100,000 cells per 

weIl) in a dose dependent fashion. This is in contrast to both TGP and 

TAR (expressed as percent increase over control)which influenced smooth 

muscle proliferation up to 50 ug/ml, then leveled off. Quercetin 

Rutinoside conjugated with bovine serum albumin (50 ug/ml) also ·in-

fluenced smooth muscle prolifer~tion up to 84 hours while both TGP and 

TAR leveled off or decreased slightly at 60 hours (expressed- as the 

.. 
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1 

number of cells x 10,000)[7]. 

The high degree of mitogenicity of quercetin at 50 ug/ml (Table 1), 

is not clinically relevant as only polyphenoi epitopes within TAR/TGP 
• 

are inhaled/absorbed in ~ivo. However, the measured incorporation of 

tritiated thymidine into newly synthesized DNA of smooth muscle cells 
~ 

was significantly less for aIl tobacco constituents (excluding 

chlorogenic acid) compared to commercially available platelet derived. 

growth factor type 1 (PDGF) which acted as a positive control [7]. It 

is important to note that tobacco glycoprotein (TGP) is composed of both 

quercetin rutinoside and chlorogenic acid and may aécount for its in~ 

creased capacity (although not significant ), over quercetin rutinoside 

bovine serum albumin conjugates to stimulate smooth muscle prolifera-

tion. This increased mitogenic capacity pnesumab1y acts via the com

bined or synergistic effects r~f both these molecules, although it was 

reported [7] that quercetin rutinoside conjugates with a lower epitope 

density (- 6) were more mitogenic than those with larger numbers (- 20-

49). It should a1so be noted that tobacco glycoprotein reached a peak 

percent of smooth muscle proliferation at a concentratlon of 50 ug/ml; 

'while at a concentration of 100 ug/ml the percent of smooth muscle 

proliferation decreased slightly. This differential effect according to 

epitope density ~y relate to the reported 119] biphasic action of que~-

cetin rutinoside since it has been shown that it exhibits a 

cytostimulatory/cytoinhibitory effect at different doses. 

Crucial to this thesis is the observation that free quercetin 

i~tinoside (unconjugated) was not as mitogenic as pre-incubated quer

cetin rutinoside to bovine aorti~ smooth muscle cells in vitro-(Table 1) 
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[7]. Preincubation of quercetin rutin6side with tissue culture medium 

for 30 minutes before addition to the cell cultures. enhanced its 

mitogenic capacity. It was concluded that absorption of quercetin 

rutinoside to media proteins enhanced its mitogenicity to equal that of 
4 

quercetin rutinoside bovine serum albumin conjugates. It is important 

to note ~ChlOrOgeniC acid did not need to be conjugated to bovine 

serum a~ to be mitogenic. This is significant as chlorogenic acid 

fs a component of TGP, and therefore cannot preclude the possibility 

that chlorogenic aeid is an active epitope within TGP. 

Recent evidence suggests a differential reaction to potential 

atherogenic stimuli of smooth muscle cells according to their respective 

phenotype [20]. Foder et al. - [21] demonstrated that bovine aortie 

smooth muscle cells grown in vitro under different conditions show 

dramat1c differences in enzyme content, physical properties and mor-

phological appearance: dilation of endoplastic reticulum, increase 

golgi apparatus, etc. This becomes extremely important Binee smooth 

muscle cells must modulate their phenotype from the contractile to the 

synthetic in order to proliferate [22]. The existence of synthetic 

state smooth muscle cells due to culturing in vitro,could potentially 

bias the in vitro response of cells to suspected mitogens. The results 

of Fowler et al. [21) demonstrate that differences in specific cellular 

characteristics/funetions of aortie smooth muscle cells exist when com

paring in vitro versus in situ data. It has been reported [20] that the 

proportion of synthetic versus contractile state smooth muscle cells i8 
~ 

exaggerated in tissue culture because synthetic state smooth muscle 

cells have a higher plating efficiency C80%) compared ta freshly dis-

',. 
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/ , 
sociated aorta (65%). 

). 

Becker et al. [7] when conducting electron-

microscopic analysis to confirm cells to be either smooth muscle or 

fibroblast ce~ls did not definit~1ely characterize the degree of 

phenotypic expression a~ being either contractile or synthetic smooth 

muscle cells. 

Nature of Quercetin Rutinoside 

Flavonoids, to which quercetin rutinoside belongs, are a group ~f 

plant polyphenols that consist of a 2-phenyl-benzo- pyrane or flavane 

nucleus consisting of two benzene rings (A and B) attached to an oxygen 

containing pyrane ring C [23]. Quercetin Rutinoside (quercetin-3-0-B D-

rutinoside), commonly known as rutin, was discove~ed by Weiss [24] in 

1842 in the leaves of the Ruta graveolens. Quercetin Rutinoside i8 a 

flavonol glycoside which can be prépared in a highly purified state. 

Quercetin Rutinoside is an ubiquitous, naturally occurring bioflavonoid 

distributed throughout th~ plant kingdom, being pr~sent in at least 34 

plant families and 77 plant species [25]. With 800 different flavonoids 

known to exist, they are the most widely occurring group of secondary 

plant metabolites that are consumed in man's daily diet [23]. In addi-

t~on, many flavonoids including quercetin rutinoside are found in the 

leaves of the tobacco plant (nicotiana tabacum) in a concentration of 

0.5% [26]. 

Effect of Quercetin Rutinoside on Experi.entai Atberosclerosis and Hy-

percbolesteroleaia 

A number of experiment.l studies [27-32] have reported that quer-
., 
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cetin rutinoside lowers serum cholesterol levels and reduces experimen-

tal atherosclerotic lesions. However, it cannot be overempbasized that 

the literature on these compounds is highly ambiguous and very often 

contradictory. 

Effect on Serum Cholesterol 

The contradictory nature of the literature is illustrated by 

sever al studies that do not report a reduction in serum cholesterol 

levels [33,34]. One study reported that quercetin rutinoside lowered 

total and esterified cholesterol in serum but showed that free choles-

teroi was significantIy increased [28]. 

More importantly, several studies [30,31] have introd~ced confound-
\ 

ing variables within the experimental protocols in the for~ of specifie 
-

(\

Vitamin deficient states as weIl as exposing the ex~:rimental animaIs to 

high qegrees of physical stress (extreme Iack of motion), etc. These 

non-essentiai variables cannot be accounted for in other respective 

studies nor in the present one. Therefore it renders it exceedingly 

difficult to extrapolate the data from the literature to the present in-

vestigation. Numerous studies [29-31] were conducted under experimental 

conditions whereby serious deficiencies in methodology were noted. In 

particular, one study [29] examined the possible hypocholesterolemic ac-

tion of quercetin rutinoside, however the measurements for cholesterol 

were made three weeks after discontinuation of cholesterol feeding, 

hence the lower levels cannot be definitively attributed to the in-

fluence of quercetin rutinoside. 

Effect on Experimental Atherosclerosis 

lesearcb on seventy-three rabbits [32] tried to confirm what pre-

J 
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vious studies had investigated in other species~ It was concluded that 

quercetin rutinoside inhibits the formation of aortic lesions in ex
~ 

perimental peroxide injury atherosclerosis under conditions of hyper-

cholesterolemia. To clearly evaluate the role of quercetin rutinoside 

in this type of atherosclerosis, it is fundamental to differentiate be

tween choiesterol atherosclerosis (induced by hyperchole~terolemia) and 
f 
~ 

injuryatherosclerosis (induced by peroxides). In thè~tudy put forward 

by Voskresensky [32], these t~o different forms of experimental 

atherosclerosis are superimposed one on another. Ffièdman [35] and 

later W~igensberg et al. [36] described and produced three distinct 

types of atherosclerosis (cholesterol, injury and thrombo-

atherosclerosis) in terms of morphologica1 constituents, evolution and 

tate of aortic 1esions, as weIl as different biochemical compositions. 

Therefore to properly evaluate the raIe of quercetin rutinoside it is 

necessary to study these lesions as distinct and separate entities. 

Comparison of quercetin ~utinoside on other forms of atherosclerosis 
1 

[27,32] other than cholesterol induced les ions is therefore not relevant 

to the presént investigation. , 

In summary, the conflicting reports taken with the different ex

pelimental lesions employed and varying deficiencies in methodology 

render it extremely difficult to extrapolate or adequately assess the 

influence of quercetin rutinoside in the treatment of hyperlipidemia or 

atheros~lerosis. To date, there exists not one stud~ that ,adequately 

measures the influence of qUèrcetin rutinoside on cholesterol content or 

smooth muscle proliferation in aortic tissue. It must remain strict 

conjecture at pr~. as to the influence of quercetin r~tinoside in 

f 

, 
1 

1 , 
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experimental cholesterol atherosclerosis and hypercholesterolemia. 
" 

Iffect of Quercetin Rutinoside on Capillary Filtration and Perfusion 

The vast majority of literature on quercetin rutinoside and related 

compo~ds consists of clinical reports that have emphasized the use of 

flavonol glycosides in conditions characterized by spontaneous capillary 

bleeding believed to be t~ consequence of increased capillary fragility 

and filtration [26,37]. The exact mechanism of action of these 

flavonoids on the microcireulation is not known. 

As early as 1938, Winternitz et al. [38] and later Barger et al, 

[39] demonstrated evidence for neovascularization' in the regions of 

atherosclerotic plaques. These reports [38,39) raise fundamental ques-

tions concerning the role of neovascularization in atherosclerosis. 

Namely, the existence of capillary vessels within the arterial wall 

(plaque and tunica media) mpy mean that mitogenic agents from the blood 

stream could be brought into intimate contact with smooth muscle cells, 

perhaps for longer periods of time than the uninvolved arterial wall. 

Rowever, neovascularization is a characteristic of adyanced complicated 

lesions and not of the type of leston employed within the present inves-

tigation. Renee the role of quercetin rutinoside in microcirculatory 

changes is not expected to be a major factor in the present investiga
; 

tion. 

Absorption, Ketaholisa and Excretion of Quercetin Rutinoside 

The publications on the absorption, distribution, biotransformation 

and excretion of quercetin rutinoside have yielded conflicting data. 

, 
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EaTly research on the metabolic fate.of orally administered quercetin 

rutinoside demonstrated that it. metabolites were composed of ring fis

sion products l23]. Studies have sinee shown that several of these 
, 

f~avonoid metabolites [40] are derived from the lumen of the lower in-

testinal tract by gut microfloral catabolism [41]. 

Kinetics 

Quercetin Rutinoside adLinistered orally to rabbits is absorbed and 

excreted within twenty-four hours [42,43]. The flavonoids that are not 

eatabolized by microflora cross the mucosa and are bound as glucuronides 

or sulphate conjugates [23,26]. The conjugation of natural flavonoids 

with glucuronic acid and with sulfate i8 the most common final step in 

the metabolism of these intact molecules. Varying amounts of yellow 

fluorescing metabolites of quercetin rutinoside have been demonstrated 

in bile and urine after oral administration, • indieating that tissue me-

tabolism plays a role in elimination of th!s bioflavonoid [44]. 

In conclusion, quercetin rutinoside metabolism has been studiea in 

rats, rabbits, guinea pigs and man [23]; in aIl cases the metabolic fate 

between the species was demonstrate~ to be a duplicate one. Because the 

-\netabolism il to phenyl acyl fragments is mediated by micro-organisms of 

the GI tract, it~ecame necessary then to administer large amounts 

(within the range qf 445 mg/kg - 10~0 mg/kg) to ensure that bacteriai 

catabolism did not signiticantly interfere with the absorption of quer-

cetin ru;inoside. 

Toxicology of Ouercetin Rutinoside 

Quercetin Rutinoside as an Integral part of the human di~t has long 

.-~ -
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, been eonsidered to be non-toxie and i8 purported to be beneficial in the 
t 

treatment of numerous vascular diseases. Recent reports have i1-

lustrated widespread biochemical effects of quercetin rutinoside on mam-

malian celis. 

In contrast to the beneficia1 clinical reports, a direct tissue 

toxicity study was conducted on isolated heart and 1ung preparations of 

rabbits and guinea pigs exposed to tobacco glycoprotein isolated from 

cigarette smoke eondensate [45]. The heart preparations developed car-
... 

diac anaphy1axis characterized by sinus tachycardia, idioventricular 

tachyarrhythmias and decreased coronary perfusion and contracti1ity. In 

addition, the, isolated pulmonary preparations developed acute dysfunc-

tion characterized by spasms of the arteria~ bed causing significant 

reduction or complete arrest of the pulmonary arterial flow. It must be 

emphasized that 1 mg of tobacco glycoprot~in or roughly the same amount 

present in one pack of cigarettes was injected into the arterial flow 

during one circulation through the isolated organs [45]. This clearly 

represents a very small amount of antigen that is èapable of binding 

celi surface receptors during a single circulatory paSSe 

Intravenous injection of quercetin rutinoside in dog~ and monkeys 

induc~s acuta cholecystitis togather with margination of neutrophils in 

the Iung which is sometimes accompanied by pulmonary ~dema and focal , 

necrosis of alveolar capillaries [14]. If inhaled, ~uercetin rutinoside 

or cigarette smoke condensate induce focal myocardial necrosis in rab-

bits which is characterized by nuclear pyknosis, contraction bands and 

bypereosinophilia [46]. Apart from cardiac manifestations, th~inhala-

tion of quercetin rutinoside induces clumping, margination and emigra-
L,' 

) 
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tion of leukocytes in the pulmonary vasculature of rabbits [46]. A1-

veolar extravasation of erythrocytes ,and microthrombi, together with the 

activation of factor XII dependent pathways and the shortening of the 

partial thromboplastin time also occ~r [46]. In another study it was 

reported that inhalation of the non-dialyzable constituents of cigarette 

smoke condensate, or "tar", aetivated factor XII dependent pathways and 

induced acute acalculou~ __ cholecystitis and pneumonitis in dogs [12]. 

'. 

, ... < ~ 

The formation of thrombi in;~be pulmonary vasculature was alsb observed. ' 

The capacity of tobacco glicoprotein in cigarette 
1 

smoke condensate 
:) 

to 

activate factor XII of the intrinsic pathway was ~hown to depend on the 

presence of quercetin rutinoside. \ 

In summary, ~hen administering quercetin rutinoside in vivo, the 

vario~~ toxicity studies [12,14,45,46] must be assessed in deciding the 

ultimate route of ingestion. It is concluded that enteraI administra-

tian of quercetin rutinoside would result in the lowest degree of 

toxicity. 

Experimental Cholesterol Atherosclerosis in Rabbits 

Hi torical Pers ective 

Cholesterol feeding as a procedure for generating fatty streak le-

sians in rabbits originated in the work of Ignatowski in 1908. The 

strong resemplance between the experimental les ions produced by Ig

natowski and the typical les ions of human atherosclerosis were quick1y 

not~d. Ever sinee Anitschkow and Chalatow first describedrthe produc-
" 

'tion of hypercholesterolemia and atherosclerosis iu cholesterol-fed rab-

bits in 1913, the rabbit has been the main animal species used i~ ex~ 

\, 

k' 



" , 

, . 

'. 
" 

22 

perimental atherosclerosis research between 1915 and 1950, with more 

th an 9~\ of the published experimental studies involving this animal. 

The formation of fatty streak 

atherosclerosis has also bean 

lesions 

\.". studled 

in experimental models of 

in many other species such as 

pigeons, guinea piqs, baboons and chic kens when fed a diet containing 

added amounts of cholesterol. However, with the success of developing 

arterial lesions from cholesterol feeding in animaIs other than rabbits, 

there arose a continuous decline in the use of the rabbit for experimen-

tal atherosclerosis research. This decline was hastened by negative 

comments (which were later found to be incorrect) concerning the type of 
J , 

atherosclerotic lesions that could be induced and their dissimilarity to 

human disease. Yet various animal species show different suscep-

tibilities to varying degrees of cholesterolemia, and thus to experimen-

tal atherosclerosis, resulting in dlfferent stages of 1esion progression 

[47,48J. ,However among the anlmals which have been studied experimen-

tally the rabbit is unique in that no other animal responds to dietary 

cholesterol to such a high degree that elevation of plasma cholesterol 

and intimaI lesions result with ease, reqularity and conslstency. 

It is both logicai and intuitive that in the empirical investiga-

tion of any disease it is highly important to study a reasonable fac-

simile in an animal model and to be able to modify the disease under 

different experimental conditions. Although there are definite mor-

pholog1cal similari ties between the lesions of experimental 

atherosclerosis in rabbits and those in man, definite differences are 

also easily demonstrable. 

The Rabbit Model: Different degrees of Hypercholesterolemia 
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• The use of the rabbit in atherosclerosis research has remained con-

troversial over the years because of certain 'proposed limitations to 

this model. It is evident from the beqinning that the rabbits' tissues 

encounter the large quantities of dietary cholesterol as something for-

eign. Rabbits are hyperresponders when fed a cholesterol-rich diet and 

become extremely hypercholesterolemic de~eloping arterial lesions after 

a matter of a few months. The mechanism for handling exogenous,choles-

terol in rabbits is highly deficient with respect to its metabolism and 

excretion. Physiologically unprepared to dispose of ingested choles-

terol, rabbi ts de-velop "cholesterol storage disease" wi th large amounts 

first accumulating within the reticuloendothelial system. The deposi-

tion of cholesterol in the wall of the aorta is only part of a systemic 

infiltration of the tissues which include the liver, heart, lungs and 

kidneys and has no counterpart in the "typical" non-familial homozygotic 

atherosclerotic les ions in man. 

Various investigators have stressed the point that rabbits exhibit 

exceedingly high levels of serum cholesterol when placed on atherogenic 

diets (values of 2000 mg% and higher are commonplace) and have objected 

to such levels as being far higher than those observed in human sera. 

The development of intimaI lesions is produced far more quickly when 
"-- .... 

very large daily doses of cholesterol are used • This discrepancy be-

. tween serum cholesterol values may result from the relatively slow for-

mation of atherosclerotic lesions in man, as compared with the rapid in-

duction and force~ accumulation (systemic infiltration) of cholesterol 

in rabbits. However, several studies have deaonstrated that cholesterol 

atherosclerosis will develop in rabbits and other laboratory animaIs 
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• 
when their normal (50! 10 mg%) cholesterol levels are raised to the nor-

mal human·range (155-230 mg%) [49,50J. 

The Rabbit Model: Lesion Morphology -

It i5 now recognized by many that the les ion in 12 to 14 week 

Cholesterol-fe~ rabbits is a model of the typical fatty streak 1esion 
\ 

that oceurs at predietable sites in the thoracic aorta. Because the 

morphology of this lesion has'~een deseribed by many previous inves-

tigators [51-55) only a very brief review will be presented about their 

microscopie appearance and only insofar as they are relevant to the com-

parison at hand. The components of the intercellular matrix material 

together with the two cell types, the polyhydrol non-myogenic foam cell 

and the PTAH positive myogenic lipid laden foam cell, represent the same 

constituents of both human and rabbit intimaI lesions. In contrast to 

the human intimaI athe~osclerotic lesions which are generally quite 

abundant in myogenic lipid laden foam cells and with fewer numbers of 

non-myogenic foam cells, the ~early atherosclerotic lesion of the 

cholesterol-fed rabbit usually contains a predominance of polyhydric 

non-myogenic lipid la~n foam ~that have the immunologieal char ac-

teristics of macrophages. The ongoing deposition of cholesterol in the 

rabbit aorta promotes the continued hyperplasia of the original sub-

endothelial foam cells along with an increased proliferation of smooth 

muscle cells into the base of the plaque [56J. However, many inves-

tigators have criticiz~~ the lesions produced in rabbits as being unlike 

the human lesion because it consists almost exclusively of cushions of 

foam cells, and do es not show the typical atheroma with gruel, dead 

cel~, necrosis and the fibrous cap. In addition, the complications of 

1 
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human atherosclerosis such as bemorrhage, ulceration, thrombosis and 

calcification rarely occur. It is now known that thes~ features will 

form if more time is allowed on the diet together with alternàte periods 

when cholesterol is withheld [57]. If Uled under weIl defined condi-

tions, it is possible in the rabbit model to produce sub-types of 

cholesterol atherosclerosis containing predominantly one cell type or 

the other. It is widely recognized that alterations of the fat used in 

atherogenie diets can influence the gross and microscopie charaeter of 

the lesion. Therefore, it is possible to produce a severe intimaI 

proliferation with moderate amounts of fibrosis. This predominantly 

myogenic proliferation together with the deposition of collagen and 

elastin produces a tibrocellular lesion that radically differs from foam 
, 

cell lesions and is remarkably hl\man-like in comparison. As well, 

human-like lesions can be produced at an accelerated rate if the artéry 

is subject ta injury and the same rift factors that occur in man (i.e~ 

hypertension, etc.) in association with the ch~terol feeding. 
\ 

AnatYsis of the experimental cholesterol atherosclerotic lesion in 

the rabbit demonstrates that it does compare ~6 many stages that occur . 
in,the les ions of man. Ofi the most basic level in both humans and rab-

bits, the pathogenesis of "atherosclerosis is derived trom the direct , 

response of smooth muscle cells in the intima and media to excess 

lipids. Differences in response seem ta be a matter of degree. 

Although,not anatomiéal1y identical with human atherosclerosis, it 

is in m~ny instances very striking that the experimental 1esion in the 

rabbit frequen\ly involves areas around the mouths of branching arteries 

mu ch the same way as in man [51,52]. One major difference concerninq 
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the anatomical distribution is the strong tendency of the 1esion in the 

rabbit aorta to beéome most advanced in the arch. ~n the contrary, in 

man it is more common to observe the greatest severity in the abdominal 

aorta. As weIl, the pulmonary artery is severely affected in the rabbit 

while in man ft is usualry spared. 

The comp~ison between the rabbit and man is not complicated by the 

existence of spontaneous arterial lesions in the rabbit. Descriptions 

of spontaneous disease in the arteries of ~bbits are confined ex

clusively to a single type of les ion in which changes are ~nd chiefly 

in the media of the aorta [52]. The lesions exist in Iocalized areas in 

the middle of the tunica media with smooth muscle celis dying and becom-

ing necrotic, calcification being a common end result. Thus, the spon-

taneous arterial les ion in the rabbit i5 easily differentiated from the 

les ions produced by cholesterol diets and human 

ion of significant experimental results in relation 

to human atherosclerosis can be made in relation to lipoprotein metabo-

lism. The normal rabbit plasma lipoprotein classes are comparable to 

those of man, although at Iower concentrations [58J. Several studies 

indicate ~s weIl that rabbit apolipoproteins are also comparable to 

those of man [59,60). The similarity of rabbit apolipoproteins and 

lipoproteins to their human counterparts imparts an even greater yalue 

of the rabbit as a tool for the study of byperlipoproteinemia in the 

elucidation of atherosclerosis. 

It is-clear therefore that there are many-striking similarities as 

weIl as many difterences in anatomical distribution, lipid deposition, 
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morphology (grossly and histologically) and lipoprotein metabolism in 

arterial lesions of experimental disease and that of the disease which 
, 

naturally occurs in man. In conclusion, cholesterol atherosclerosis in 

the rabbit provides a high degree of equivalence to human 
1 

atherosclerosis and thus justifies the applicability of experimental ob-

servati~ns to many aspects of human disease • 
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IXPERlmTAL DESIGIf 

Object of this Study 

In . a previous study [7] it was established that tobacco 

glycoprotein (containing quercetin rutinoside) and queFcetin ru~inoside 

coupled to bovine serum albumin alone are mitogenic to bovine aortic 

smooth muscle cells in vitro. The design of this research was under-
• - i' -

~ taken to investigate the effect of qUèrcetin rutinoside on experimental 

cholesterol atherosclerosis composed predominantly of the smooth muscle 

cell type. This was carried out within the rabbit model. The experi-

ments reported are preliminary in nature and were undertaken to answer 

some simple questions regar~ing the role of quercetin rutinoside in 
( 

atherosclerosis. 

Two groups of white male New Zealand rabbi t,s were used. The number 

of animaIs allocated to the cont~ol and treated groups were determined 

by considerations of cost and of statistical requirements for groups 

large enough to provide significant results. In addition, the size of 

th~ treated group was taken into account on the basis of purported toxic 

effeets of quercetin rutinoside that could possibly result in a 

decrease~urvival rate of the treated animaIs in reaching the termina

tion of the experiment (14 weeks). The rabbit model was selected on the 

basis of its high susceptibility to cholesterol feeding resulting in a 

rapid les ion induction. The rabbit is easily manipulated, inexpensive 

and biologicall~ well-characterized. If used under weIl defined condi

tione the rabbit model is unique and is very useful in that severai .. . \ 

biacbemfcally and morphologieally distinct types of atherosclerotic le-

• 
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sions can be produced [36]. As w~ll, it 1s also possible to produce 

cholesterol lesions containin~ predominantly one cell type or the other. 

Because it is possible to produce sub-types of cholesterol 

atherosclerosis it becomes important to study the effects of quercetin. 

r1ltinoside on thése "pure lesions". The atherosclerotic lesion of the 

cholesterol fed rabbit is thus an excellent in vivo model on which to 

base this preliminary study. Apart from the ability to produce specifie 

cholesterol lesions, the rabbit is suitable to study the effects of 

quercetin rutinoside because its'metabolism of this flavonol is essen-

tially the same as in man [23]. 

Production of a Hyogenic Type of Atherosclerosis 
" 

Alterations of the fat used in atherogenic diets has long been a 

widely recognized method for influencing the gross and microscopie 

cha~acter of experimental atherosclerotic lesions. Vesselinovitch et 

al. [61] reported that feeding a diet conta'ining 25% peanut oil produces 
• 

a more cellular, proliferative lesion containing mo~e collagen than-dbes 

feeding butter or corn oil to monkeys on a 2% cholesterol diet. In ac-

cotttance with Vesselinovitch et al., it has been reported in monkeys as 

weIl as rabbits that peanut oil fed along with cholesterol produces a 
, . 

more prominent myogenic p~Qliferation, together with more collagen and 

fibroùs tissue' than would be present in lesions if cholesterol were fed 

alone or accompanied. by ~other fats or oils (62-67]! A cholesterol 

peanut oil diet is inordinately atherogenic in rabbits mainly because of 

the severe intimaI proliferation and fibrosis that occurs. This 

\ 

fibrocellular typé of les ion is characterized by less lipid deposition, 

and shows a mixture of smooth muscle cells, collagen and some slight ",-

-,,' ~, 
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degenerative changes. Peanut oil is a good example of a dietary fa~ 

that may speed up the progression of a fattyJstreak lesion to a more 

fibrous type lesion. 

The rationale for fee4ing a diet containing peanut oil and but y-, . , 

lated hydroxy anisol (BHA) to produce the myogenic type les ions is based 

on reports that each of these materials by themselves could prodqce 

myogenic type atherosclerosis with spindle shaped foam cells [68J. 

Therefore the rationale for feeding aIl th~f these materials was to 

provide a more reliable regimen than feeding higher doses of any one of 

these alone. 'W'ilson et al. [68] writes, in describing the lesions 
, 

produced by feeding cholesterol combined with the antioxidant butylated 

hydroxy anisole, that "the atherosclerotic lesions consisted of a 

proliferation of smooth muscle ce~ls in the intima with intracellular 
~ 

and extracellular lipid". _Similar descriptions ta the one above exist 

for the effects of teeding peanut oil. Peanut oil was chosen specifi-

cally since it bas been shawn to cause increases in myogenic foam celis. 

Ve teel it is fundamental to this project to study this myogenic 

sub-type of cholesterol atherosclerosis in a tlpure" state in order to .. 
fully test the hypothesis p~t forward by Becker et al. [7]. 

The amount of quercetirt rutinoside present within the daily diet of 
': '\ 

the treated group was determ~bed from numerous metabolic studies. 

Limated solu~ility together with relative microfloral catabolism 

required- the administration of .a large dose. The oral route of ad-, 
~inistration was chosen over an inhalation method (nebulizer) because of 

the factors of time and convenience and of inhalàtion toxicity. To sub-

ject roughly fort y rabbits to a nebulizer each day for fourteen weeks 
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would add considerable expense to the project in addition to the dif

ficulty of acquiring such hardware previously not found in this 

laboratory. The nebulizer method is not without advantages though. To 

bypass the gastrointestinal tract would be ideal in or der to avoid 

microfloral catabolism. The possibility of treating the animaIs with 

antibiotics to reduce the microfloral catabolism of quercetin rutinoside 

was investigated. The narrow spectrum antihiotics necessary to effec

tively reduce the microflora were found to be toxic to rabbits [69]. If 

however, the antibiotics "ere well tolerated during the 14 weeks of' the 

experiment, then selection of resistent strains and supra-infections 

would result. As weIl, antimicrobial therapy could only reduce the 

microflora a few orders of magnitude, clearly not sufficient to 

eliminate or effectively reduce flavanol catabolism. 

A potential problem associated with the intravenous use of quer

cetin rutinoside is i ts low water solubili ty. Pfeifer et al. [70] 

showed that quercetin rutinoside precipitated out of solution and formed 

concretions with associated suppurative inflammation in the renal Ghan~ 

nels and liver bile duct~ of newborn bamsters, rats, mice and newhorn or 

premature babies following parenteral dosage. The absolute ease of the 

feeding method assured that aIl rabhits consumed equal ~hounts of this 

flavonoid. 

~ Hypothesis to he Tested 

Tbe specifie objectives of this study were to de termine 'the quan

titative effects of quercetin rutinoside on cell proliferation 

(tritiated DNl synthesis), serum, aortic and pulmonary artery choles-

".. 

.. 
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terol leveIs, as weIl as e extent of atherosclerosis estimated by the 

percent of intimaI area overed by lesion. 

From a study conducted on atherosclerotic plaques of rabbits using 

tritium labelled nuclei, it was found that the initiation and sequential 

evolution of the atherosclerotic plaque was closely associated with the 

proliferative reaction of the arterial wall involvinf medial smooth 

celis [11]. Because myointimal proliferation is the critical event in 

the formation of the fibrous les ion and because this proliferation forms 

the basis of Becker's hypothesis that quercetin rutinoside may be one 

factor in smoke responsible for ma~ing it a risk factor, it becomes im-

portant to obtain quantitative data concerning the degree of cell 

proliferation (DNA synthesis). One parameter of this study was to 

determine the level of DNA synthesis measured by the incorporation of 

tritiated thymidine into newly synthesized DNA of atherosclerotic le-

sions. 

Although the use of tritiated thymidine provides a good index of 

cellular proliferation, it is still necessary to evaluate the aorta and 

pulmonary artery in terms of percent surface area covered'with lesions. 

This procedure gives a clearer index of the involvement, i.e. exte~t in 

terms of distribution of the lesions within the vessels. Moreover, when 

combined with the incorporation of tritiated thymidine into newly syn-

thesized DNA (as an index of cell proliferation) and total cholesterol 

content of serim and aortic and pulmonary tissue, this approach provides 
~ 

a basis on which to judge the effect of quercetin rutinoside on this 

type of atherosclerosis. ~ 
Because severaI studies have reported that quercetin rutinoside ex-
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'--~i;its a possible cholesterol lowering action on s~rum and ~her tissues 

thereby potentially slowing the formation of atherosclerosis~ecomes 

important to measure serum cholesterol in order to evaluate the role of 

quercetin rutinoside in cholesterol atherosclerosis. Although measuring 

the total cholesterol content of serum, aortic and pulmonary tissue does 

not test Becker's hypothesis directly, it does impart a greater under-

standing of this flavonoid in an important paramater that is necessary 

to assess its role in atherosclerosls [72]. As weIl, it sheds light on 

quercetin rutinoside's potentially beneficial function in vascular dis-

ease and may lend some credence to previous reports of its therapeutic 

application. 

The time allocated for the animaIs to be on the diets was based on 
\ 

previous empirical work conducted within this laboratory demonstrating 

that fourteen weeks was sufficient time to develop atherosclerosis. 



34 

'c 
KA TERIALS AND METBODS 

White male'New Zealand rabbits weighing approximately 2 to 4.5 kg 

and about 3 months of age were fed a cholesterol-peanut oil diet with 

BHA and ethanol to produce aortic atherosclerosis containing 

predominantly myogenic type, li~id laden foam cells. The daily food ra-

tion contained within the 52 grams of pellets (purina Rabbit Chow) con-

sisted of: 500 mg USP-grade crystalline ~holesterol a10ng with 1 9 of 

ethanol, 6 9 of peanut oil and 0.06 9 butylated hydroxy anisole 

(referred to hereafter as the control group). The rabbits were divided 

into control and experimental groups at random, 15 rabbits acted as con-

trols while 40 were fed 2 g of quercetin rutinoside in the diet per day. 

Quercetin rutinoside was obtained as a yellow crystalline powder (Sigma 

Chemical Company) ,and was certified over 95% pure wi th the remainder 

made up of water of crystallization. The quercetin rutinoside was in-

corporated into the diet by dissolving it in ethanol and sprinkling it 

on the food. The ethanol was then allowed to evaporate under vacuum. 

AlI rabbits were sacrificed after 14 weeks on the iet with sodium 

pentobarbital (100 mg/kg body weight). just prior to 

au~opsy (14 weeks) was analyzed for total serum The spleen 

and liver from each rabbit were removed, c1eaned free of fat and 

weighed. The aortae were carefully dissected out and flushed through 

with saline, opened longitudinally and incubated in tissue culture 

Medium 199R (Grand Island Biological Co. , N. Y.) for one hour at 37°C 

under 95% Oz, 5%- COz to measure DNA synthesis in terms of tritiated 
4.!'1 
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thymidine incorporation into DNA. This medium con tains Earle's Salts, 

L-glutamine and 5 microcuries tritiated thymidine per ml incubation 

medium. The tritiated thymidine (New England Ruclear) had a spec;fic 

acti vi ty of 6.7 Ci per millimole and radiopurity in excess of 99% as 

determined by chromatography. Following incubation, the aortae were 
/--

rinsed in stirring ice-cold 0.01 molar non-labclled thymidine in 5% 

trichloroacetic acid (TCA) for 5 minutes, then in 3 changes of thymidine 
• o 

in 0.9% saline, 2 minutes each time. The rate of DNA synthesis wâs 

measured in terms of tritiated thymidine incorporation '!into DRA 

expressed as disintegrations per ~inute (DPM) per mg delipidated tissue. 

It was necessary to immediately incubate the aortae once removed 

from the rabbit to énsure cell death did not occur. After incubation, 

the extent of cholesterol atherosclerosis in the ~hole aorta, its arch, 

the thoracic segment and the abdominal segment were estimated visually 

in terms of percent surface area covered with lesions as previously 

deseribed by McMillan et al. [72]. A small section from one random le-

sion from the aortic arch and one random lesion from the thoracic aorta 

of each rabbit was fixed in 10% formaldehyde and was used for light 

microscopy with sections stained with phosphotungstic acid haemotoxylin 

(PTAH) and Massons Trichrome (MT). 

After removing small segments of the arch and thoracic area for 

histology, the remainder of the aorta not used for histology was eut up 

into lesion and non-lesion areas. This procedure was performed to dif-

ferentiate the respective DRA synthesis of les ion and non-les ion seg-

ments. In addition, mixed tissue was obtained (lesion and non-les ion 

areas that could not be definitively separated) in arder to render a 
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ratio of lesion and non-lesion areas. 

Determination of Total Cholesterol in Serum .. 
Under anesthesia, blood was obtained during sacrifice by inserting 

a large bore syringe into the 1eft ventricle and drawing blood while the 

heart was still beating. Blood obtained trom each rabbit during the 

sacrifice was left overnight in a fridge, then centrifuged at 4000 RPM 

for 20 minutes. A 1 ml a1iquot of serum was obtained, placed in 150 ml 

of ethanol for 20 minutes and extracted in a Soxlet apparatus by boiling 

ethanol for 24 bours and then extracted in diethyl ether (Fischer Scien-

~ tifie Co.) at room temperature for 8 bours. The ethanol extracts were 

reduced in 'lume, and combined with the diethyl ether extract, 

evaporated to dryness under vacuum at room temperature. The lipid 

residue ~a~then dissolved in 100 ml of ana1ytical grade chloroform 

(Malli~dt {;hemical Works). It was essential that a11 traces of 

water, alcohol, and diethyl ether be absent from the chloroform solu-

tion. 2 ml of a reagent that consisted of 1 ml of concentrated sulfuric 

... acid (Fischer Scientifie Co. ) and 40 ml of acetic anhydride 

(Mallinckrodt ~emical Works) was added to 5 ml of the sample in 
lit 

chloroform. Each vial containing reagent and sample was mixed weIl ~nd .,. 

kept at 25°C in a water bath in darkness for 20 minutes. After 10 

minutes, the solutions were checked for the intensity of the color. A 
, 1 

dilution cocktail was added if the color of the solution was too dark 

for accùrate reading. The amount of dilution cocktail was record~d so 
1 

that the proper dilution factor was used during the calculation of the 

concentration. After 20 minutes, the samples were transfered into 

colorimeter tubes and covered tightly with plastic stoppers and were 

-'- . 
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read immediately at 660 milli-microns on a Bausch aDd Lomb Spectronic 21 
,"'-< 

spectrophotometer with the room lights off. AlI cholesterol determina-

tions were calibrated and standardized with intra-assays performed on a 

regular basis. Cholesterol standard determinations were carried out at 

concentrations of 160 ug/3.5 ml (N=95), 400 uq/3.5 ml (N=31) and 320 

'ùV/3.5 ml (N=16). The combined standard errors were 0.25,0.34 and 0.23 

for the respective concentrations. The combined standard deviations 

were 2.29, 0.92 and 0.90 for the respective concentrations. No sig-

nificant intra-assay variations were detected. 

Determination of Total Cholesterol in Aortic and Pulmonary Arteries 

After removing the adventitia, each cleaned aorta and'pulmonary ar-

tery was individually weighed (fresh wet weight), frozen, freeze dried 

for 72 hours to constant weight, again individually weighed and 
\ 

delipidated in a Soxlet apparatus with bQiling alcohol for 24 hours and 

further rinsed in diethyl ether at room temperatqre for 8 hours. The 

diethyl ether was then allowed to evaporate under vacuum. Methods for 

cholesterol determinations in aortic and pulmonary arteries paralleled 

~he serum cholesterol determination as previously described for ser~m. 

No further lipid,could be extracted from the residues by more prolonged 

\ extraction with these or other solvents. Cholesterol concentrations 

were expressed as mg lipid per 100 mg freeze-dried tissue. 

Scintillation Counting 

'l'he tissues were delipidated, reweighed and dissolved in 2 ml .of 

0.5 moltr solution of ProtosolR t)issue solubilizer (Dupont) overnight at 

To the liquified tissue residue in ProtosolR was added 20 ml of 

scintillation cocktail. The. scintillation cocktail contained 4 g of , '. 

1 ~ 'l 
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2.S-diphenyloxazole and 50 mg dimethyl POPOP and was made up to one 

litre in toluene. The amount of scintillation solution together with 

concentration of primary and secondary fluor molecules provided for 

efficient/effective solvent-solute interactions thereby negating the 

possibility of any dilution or concentration quenching. It was ab

solutely essential t~at aIl traces of water, pplar compounds, inorganic 

acids or colored substances Chemoglobin) be absent from the tissue 

residue and- scintillation cocktail. This ensured that impurity 

Cchemical> quenching did not interfere in energy transfer or color 

quenching did not prevent the photons from being detected by the 

photomultiplier tubes. In aIl procedures glass borosilicate scintilla-

tion vials were free from dirt, 

cases light trapping was not 

quenching. 

condensation or fingerprints and in aIl 

significant enough to produce photon 

AlI precautions were taken in sample preparation (handling and 

techniques) and monitoring to avoid non-beta coincidence pu~ses. Non

specifie scintillation. arising from chemiluminescence as a result of 

peroxides and/or alkalinity or from photoluminescence (sunlight, etc.) 

did not give any taIse positives in either nonradioactive controls or 

sample vials. The use of borosilicate glass vials significantly reduced 

the possibility of static electricity discharge which could potenti~lly 

result in single photon event. As weIl, the borosilicate glass vials 

did not alter the concentration of fluor molecules or sample, thereby 

eliminating the possibility of quench. 

Tritium was counted by scintillation counting using a Rack Beta LKB 

liquid scintillation system with a counting efficiency of 35%. -Prior to 

(' 
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liquid scintillation counting the decay correction based on the half-

life,of the tritium was determined. The Rack Beta system automatieally 

. counted aIl samples to the same statistical error using 2 sigma standard 

deviations (percent error). Bowever, samples .ere not,counted to a per-

cent error smaller than the maximum technical error arising duri~g 

1 
preparation (pipetting, preparation error, weighing, etc.). 

The significance of the differences between means was calcu1ated 

using the student t-tdst [73]. 
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RESULTS 

Kortality, Body and Organ Veights 

~le 4 shows the mortality rate expressed as a percent age of the 
/',J 

number of rabb~t deaths over the 14 week duration of the experiment com-,. 
pared with the number of rabbits st'arted on each diet. Also shown are' 

the initial and terminal body weights and terminal organ weights (liver, 

spleen, delipidated aorta). As seen in Table 4, the mortality rate of 

the experimental group (35%) was five times the rate of the control 

group (7'). 

The administration of the control diet did not impair the ability 

of the rabbits to gain weight. The percent change in boa; weight from 

initial to final weight was +18.3%. However, the administration of 

quercetin rutinoside did impair the ability of the rabbits to gain 
1 

weight~ The percent change in body weight trom initial to final weight 

was -1.26%. However, the initial weight of the.quercetin rutinoside fed 

group was 413 g heavier than that of the control, meaning a higher -
starting weight vas observed. 

Extent of Aortic and'pulmonary Atherosclero,ts 

Table 5 shows the extent of gross visible cholesterol 

- atherosclerosis in" terms of the percent intimaI area invol ved wi th 1e-

sions. At the termination of the experiment at 14 weeks, the extent of 

atherosclerosis vas estimated by visualIy examining the aortic arch, 

thoracic aorta, abdominal aorta, pulmonary artery and the entire aorta. 

iUnder the conditions of this study, the ~~s do not show a oig-
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nificant elevation in the extent of atherosclerosis of the quercetin 

rutinoside led group in comparison to the control. 

In terms of percent area involved with les ions in the aortic arch 

(mean value 56.2±33.1%) and thoracic aorta (mean value 15.0±17.4%) of 

the experimental group fed 2:0 9 of querc;tin rutinoside per day, it was 

shown not to be significantly different' (P>O.80 and P>0.90, 

respectively) than the extent of atherosclerosis in the arch (mean value 

57.9±24.0%) and thoracic aorta (mean value 14.4+21.4%) of~he control 

group not fed quercetin rutinoside. The ex~ of atherosclerosis as a 

percent' of the total aortie ar.e8 covered" with gross âtherosclerosis in 

the quercetin rutinoside fed group, consisted of a mean value of 

20.1±16.8% and this was not significantly different (P>0.95) from the 

mean value of 20.9±18.4% area covered with lesions in the control group4 

In addition, the extent of atherosclerosis in the abdominal aorta (mean 

value7.6±11.7%) andpulmonary artery (mean value 30.6±2S.6%) of the 

quercetin rutinoside fed group was not significantly different (P>0.60 

and P>O.10, respecti vely) than -.8 the 
, . 

corresponding exten~ of 

atherosclerosis (mean value 9.7±12.1%) and (mean value 20.5±16.4%) of 

the control group. 

Total Cholesterol: in SerWl, Aortic and Pulaonary Arteries 

Table 6 shows the me an serum concentration of total cholesterol and 

the total cholesterol accumulation per whole aorta and pulmonary artery 

of both groupn at' the terminat~n of the experiment at 14 weeks. 

Cholesterol concentrations were expressed as mg of cholesterol par 100 

ml serum or as mg per 100 mg freeze-dried weiqht. The terminal serum 
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cholesterol concentration of the quercetin rutinos~de fed group was not 

significantly changed (P>O.80) trom the serum cholesterol concentrations 

found in the control group. The hypercholesterolemic effect of the con-
1 

trol diet was apparently not affected by the addition of quercetin 

ru t inoside • 

Sim~lar lack of significant di'fferences bet"een the quercetin 

rutinoside and contro11 group were found in cholesterol concentrations in 

freeze-dried. tissue of the. aorta and pUlmonary artery (P>O.60 and 

P>O.70, respectively). 
..; 
Large amounts of lipid accumulated within the 

aortae producing predominantly myogenic lipid laden foam cells in both 

groups. There was no evidence that quercetin rutinoside had any modify-

,ing influence on the cholesterol accumulation or cholesterol concentra-

tion in these tissues or in this typ' of lesion. The aortic and pulmo~ r 
,1 

Il 
nary artery cholesterol concentrations, for e~ch group, ran parallel to 

the extent of aortie and pulmonary atherosclerosis expressed as a per-

cent of the area covered with lesions. 

~ritiàted Thyaidine Incorporation into Hewlf Synthesized DNA by Aortie 

and Pul.onary Arteries 

Table 6 shows tritiated DMA synthesis (cell proliferation) in both 

the control and quercetin rutinoside fed group as measured by tritiated 

thymidine incorporated int~ newly synthesized DRA. Values of tritiated 

thymidine incorporated into DRA are expressed as DPH/mg delipidated 

tissue. Under the conditions used in this study the control group in-

corporated a mean value of 4474 DPM/mg delipidated tissue into sections 
\ 1 

of aortie wall (excl~ding adventîtia) containinq 1esions. Aortie le-
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sions trom the experimental group fed quercetin rutinoside did not show 

an elevation in tritiated DNA concentration compared with the control 

group. The resulta show that there was a slight difference (P>O.20) in-

dicated by a marginal depression in tritiated DNA synthesis (which was 

not considered statistically significant) of the experimental group cor-

responding to a mean value of 34?~ DPM/mg delipiqated tissue. This 

decrease in DNA synthesis of the experimental group, fed quercetin 

rutinoside as far as labelling of DNA with ttiti~ted thymidine does not 

correspond to a decrease in extent of atheroscle~osis as expressed in 

mean percent s~r~ace area ~f the en~ aorta (Tabl~ 6). 

In comparing the DPK tritiated thymidine incorporated into DNA of 

mixed lesions (lesion and non-les ion areas that could not be defini-

tively separated) tissue from aortae from bQth groups, there was no sig-

nificant changes (P>0.90) in tritiated DNA "concentrationn of the quer-

cetin rutinoside fed group, mean value 1173 DPK/mg delipidated tissue 

compared to 1128 DPM/mg delipidated tissue of the control group. Ki~ed \ 

lesions (lesion -and non-lesion areas) from the pulmonary artery from 

both groups showed similar amounts of tritiated thymidine incorporation 

into DNA. The mean value of the quercetin rutinoside fed group 
. 

(pulmonary artery mixed tissue) was 3779 DPK/mg delipidated tissue which 

was not different (P>O-.50) from the control group, 3256 DPK/mg 

delipidated tissue. The normal aortic wall without -lesions of the' con-

trol group incorporated 518 "DPM/mg delipidated tissue. Statistical 

analysis showed\that this was not'> significantly different\(P>O.40) with 
) 

the quercetin rutinoside led group, 453 DPH/mg delipidated tissue • 

( 
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DISCUSSION 

In a previous study it was established by Becker et al. [7] that 

tobacco glycoprotein isolated from cigarette smoke condensate 

(containing quercetin rutinoside) a9d quercetin rutinoside conjugated 

with bovine serum albumin are mitogenic to bovine aortic smooth muscle 

cells in vi tro. Since each pack of cigarettes potentially exposes th~ 

smoker to the ingestion of approximately 1 mg of tobacco glycoprotein 

(containing quercetin rutinoside) [15], Becker et al. '4ave put forvard 

the hypothesis that the mitogenic effects of quercetin rutinoside 

directed against vascular smooth muscle cells in vitro may affect smooth 

muscle celi proliferation in vivo, thus compounding the gtowth of pre-

existing atherosclerotic lesions. 

The design of this present research vas undertaken to investigate 
- ,-

the effect of quercetin rutinoside on experimental choleste\ol 

tliberosclerosis carried out within the rabbit model. The specifie ob

"jectives of this study vere to determine the quantitative effects of 

querèetin rutinoside on: cell proliferation measured by the incorpora-

tion of.tritiated thymidine into newly synthesized DNA of aortic le-_ 
~ 

sions, mixed aortie tissue (lesion and non-les ion areas) and mixed pul-

monary artery tissue Clesion and non-les ion areas); total cholesterol 
, 

within serum, aortic and pulmonary arteries and on the- extent of gross .. , 
visible aortie and pulmonary atherosclerosis estimated by the percent 

surface area covered by lesion. 

In the experiment~ outlined above, no significant differences vere 

found between experi.ental and control groups vith respect to tne extent. 

-;c' 
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of gross aortic or pulmonary atherosclerosis, cellular proliferation 

(tritiated DNA synthesis) or total cholesterol o! the aorta, t~e serum 

or the pUlmonary artery. However, there vas a five-fold increase in 

mortality in tte group fed quercetin rutinoside versqs the control 

.. group. 

Hortality, Body and Oraan Veights 

The addition of significant amounts 
• 

(purina rabbit chow) can.increase the mortality rate compared to that 0 

the normal di et alone. This higher mortality rate in rabbits fed 

·cholesterol has been recognized by many researchers and has been dis-

cussed in detail by Constantinides [74]. The mortality from cholesterol 

toxicity i8 mainly due ta liver failure with the rabbits developing 

various symptoms of cholesterol overdose, i.e. refuaing to eàt, veight 

loss, and jaundice. IT~ia significantly h~her percent age rate found 
_.~ 

vitbin the quercetin rutinoside fed group cannat be attributed to-

cholesterol toxicity. The existence of a mortality rate vithin the ex-

periment al group (35%) that is some five times higher than the control 

group (7') evidently resulted from toxic levels of quercetin rutinoside 

being absorbed trom the gastro-intestinal tract into the blood stream. 

The basis for this conclusion ia dravn trom the fact that the same 

cholesterol peanut oil diet vas administered to bath experimentai and 

control groups.' Since only a single rabbit died while on the control 

diet, then toxic levels of quercetin rutinoside must have been achieved, 

therefore~resulting in a significant increas~ in mortality. 
/ 

- -1' 
~ 

In light of the ~eports in the literature concerning microfloral 

catabolism of this bioflavonoid within the gastrointestinal tracts of 
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experimental animaIs, it was found nece3sary to administer large amounts 

of quercetin rutinoside (2 g/day) to ensure adequate amounts were ab-

sorbed as intact molecules (i.e. not catabolized) from the gut into the 

blood stream. However, serum levels of quercetin rutinoside could not 

be determined in this study using rabbits due to the interference of 

very h~gb serum cholesterol levels on the; sensitive aluminum-chloride 

group (fed quercetin rutinoside) was takên as indirect 

this tech'-

experime~::~ 
evidence that 

colorometric method used to determine serum values. Due to 

cal problem, the significantly higher mortality rate of the 

this component of the diet was absorbed in sutticlent concentration 

during the experimental periode -It is felt that if more quercetin 
, 

rutinoside were administered (in excess of two grams) then the mortality 

rate vould approach fifty percent. , 
The percent change in b?dy weight over the duration of the experi

ment (from the ipit~al to final weight) for the control group was 

+18.3%. This is in contrast to the group fed 2 g/day of querceti~ 

rutinoside which had a percent change in body weight of -1.26%. Al-

though a random separation of rabbits for either experimental or control 

group was conduct~d prior to the start of the experiment, a chance dif~ 

ferential weight distribution of 413 g occurred between experimental and 

control groups. This was only discovered ~t the end of the experiment. 

No significant differences were reported between organ weights of 

the experimental grou~ and that of the control group. However, the ex

perimental group fed queTcetin rutinoside had consistently larger organ 
\ 

weights than that of th~ control group. These differences cannot be ex-

plained at the present time, although they may be related to toxie 

1 
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levels of quereetin rutinoside, particularly relevant to liver and 

spleen weights. The initiai 'body weight fou~d in the experimental group 

may Mean that these organ weights were larger from the start. 

The results substantiate previously reported data within the 
• 

literature [12,14,45,46] eoncerning toxic effects of quercetin 

rutinoside in laboratory- animaIs. However, due to the considerable and 

highly eontroversial biochemical responses of quercetin rutinoside on 

living systems, no definitive conclusions can be offered eoncerning the 

overall effects on mortality in the absence of hypereholesterolemia. 

Extent of Aortic and Pulmonary Atherosclerosis 

The object of this study was to function as an in vivo extension of 

previous in vitro work that showed that quercetin rutillodde could 

stimulate smooth muscle cells to prQliferate [7]. The quintessential 

Objecti~ this investigation was-to study the influence of quereetin 

rutinoside ~ developing cholesterol atherosclerosis within the aortic 

~ pulmonary arteries. This was accomplished grossly by measuring the 
. 

percent aortic or pulmonary intimaI area covered with lesions. - - It was. 

concluded that quercetin rutinoside ~nder the conditions of th~ study, 

did not aodify the extent of myogenic cholesterol atherosclerotic 1e-

sions in the aortie arch, the tboracic, abdominal o~ in the whole aorta. 

The percent surface area covered with les ions in the quercetin 

rutinoside fed group was nearly identieal to that of the control group, 

with the exception of the pulmonary artery. The pu1monary artery in the 
1 

experimental group displayed a slight but not statistically signifieant 
~ 

~ 

increase in surface area eovered with les10n: 30.6% versus a 20.5% fo~ 
'... 

the control group. This slight ditterence cannot be explained at the 

:,;1 
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present time. 

Because atherosclerotic les ions enlarge by the accumulation of very 

" low density lipoproteins (rabbits) withia the arterial wall, by the 

production of collagen and proteoglycans, etc., and lastly but most im-
'.' 

portantly, by the proliferation of smooth muscle cells, it becomes fun-

damental to discuss the reasons for any change in the extent of 

atherosclerotic les ions (within the aorta or pulmonary artery) in terms 
1 

of these parameters. It is particularly relevant to the discussion of 

the extent of aortic or pulmonary atherosclerotic les ions to address the 

issue of smooth muscle cell proliferation, as the latter determines the 

extent of fibrous plaque formation (synthesis of matrix tissue com-

ponents and sequestering of intra and extraceilular lipid). Therefore, 

any further discussion of the extent of atherosclerotic les ions will be 

addressed in subsequent sections. 

Total Cholesterol in Serum, Aortic and Pulmonary Arteries 

Expressed as mg per 100 mg freeze dried weight or mg per 100 ml 

sërum, no ~ significant differences existed in total cholesterol con-

eentrations in the aorta, pulmonary artery or serum of the experimental 

group (fed quercetin rutinoside) compared with that of the control 

group. Because several studies reported in the Iiterature a possible 

hypocholesterolemic effect of quercetin rutinoside [28-31], it was founa , 

necessary to measure total cholesterol in the respective tissues as a 

erude preliminary measure. No other measure of free or esterified 

cholesterol concentrat~ons, , phospholipid concentrations or lipoprotein 

~~ cholesterol concentrations or ratios were undertaken. Because total 

cholesterol is only one lipid component of thEl a therosclerotic plaque, 

'J;] "'~~~)". , 1 
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• any conclusion on the effect of quercetin rutinoside on total choles~ 

terol cannot preclude the possibility of any effects on other lipid 

profiles within serum or the plaque (phospholipids, esterified choles-

terol, triglycerides, etc.). 
.. AlI rabbits within the experimental or control groups exhibited hy-

percholesterolemia with the deposition of lipid in both aortic and pul-

monary arteries. The deposition of lipid in both experimental and oon-

trol groups (aortic and pulmonary arteries) ran raughly para11e1 to the 

extent af atherosclerotic lesions in bath experimental and control 

groups as measured by the percent surface area covered in lesion. 

However, the extent of area covered in lesion for the pulmonary' artery 

(though not significantly different from the control) did not correspond 
, 

to as large an increase in total cholester~l deposition within the' pul-

monary artery.· This difference cannat be explained at the present time. 
-

In contrast ta the body of purported c1inica1 and experimenta1 evidence 

in the literature concerning the therapeutic application of quercetin 

rutinoside in treating hypercholesterolemia and atherosclerosis [27-32], 
, 

the results do not substantiate previous evidence. 

Tritiated Thymidine Incorporation into Newl! Synthesized DNA 

Under the conditions used in this study the normal rabbit aortic 
(. 

wall (exoluding adventitia) of the control group incorporated 518 DPK 

thymidine per mg delipidated tissue. This is in contrast to the normal 

aortio wall of the experimental group which is marginally lower

significantly), incorporating 453 DPH :hymidine pe~g' (although not . 

o delipidated tissue. Aortic lesions, mixed aortic lesions ~r pulmonary 

artery mixed lesions from the groups fed 2 g of quercetin rutinoside did 

.'. 
~ Jll~J.r; 



c ( 50 

not result in an elevation in tritiated ~midirye incorporated into 

newIy oynth •• ized DNA a. compared with th. :o;irll gfoups. The tailur. 

-to find an increase in tritiated DNA synthesi~ in these groups èould be 
1 

due tR many reasons. Firstly, does i t ) remain in the l>lood in an .., 
"active" form long enough for it to penetrate or diffuse into the aortic 

wall to promote smooth muscle cell proliferation. Quercetin 

rutinoside could potentially h~e been diluted in the total blood 

volume, however this seems unlikely in the face of such a high mortality 

rate exerted by toxic levels of this component. Glucuronide or sulfate 

conjugates of quercetin rutino~ide could have possibly altered its 

capacities to penetrate into cells or bind cell ~urface receptors. It, 
r 

has been reported [75J that there is increased enê~thelial permeability 

to horseradish peroxidase yet more importantly endothelial cell slough-

ing did not occur in hypercholesterolemic rabbits. Although there is 

increased endothelial permeability, a conformation change of quercetin 

rutinoside by conjugation may ~t allow it access past the endothelial 

barrier. It is importan~o note that in the in vitro work carried out 

by Becker et al. [7], the endothelium was absent, therefore allowing un-

hindered access to the smooth muscle cells. 

What is more important than the many conflicting studies presented 

in the literature is the reported biphasic effects (19) of this 

flavonoid. It 1s reasonable to speculate that a certain level of quer-

cetin rutinoside could have exerted a cytoinhibitory effect on the 

replicating potential of the aortic cells in this study. The data bears 

witness to a slight but not statistically significant decrease in 

tritiated thymidine incorporated into newly synthesized DNA of the ex-
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perimental group (3481 DPH/mg delipidat~ tissue) compared to that of 

the 'control group (4474 DPH/mg delipidated tissue). 0 It should be menT 

tioned that there was no difference in the extent of atherosclerotic 1e-

sions between control and experimental groups, meaning that a possible 

cytoinhibitory effect did not express itself as a decrease in th& extent 

of the atherosclérotic lesions. 

The oral administration of quercetin rutinoside may have-influenced -( 
its biological activity. Because different segments of the gastrointes-

tiRaI tract have different pH values, it is possible that upon reaching 

the blood stream it may have significantly diminished biological 

properties, if in fact pH values alter its activity. Quercetin 

Rutinoside present within tobacco glycoprotein would not be subject to 

such a wide range of pH values when inhaled. 

Because querçetin rutinoside is an anti-oxidant [23], it is pos-

sible that this component in the experimental group cou1d have poten-
. v 

• 
tially influenced the lesions to be more myogenic in nature. The 

results do not show any increase in percent area involved with 1esions 

(aortie or pulmonary), therefore, the degree to which quercetin 

rutinoside could have potentially exerted an anti-oxidant effect is at 

present not known. The possibility of quercetin rutinoside being 

hydrolyzed within the gastrointestinal tract into 
~ 

quercetin (the 

aglycone of quercetin rutinoside) is at present not known. In vitro, 

quercetin exerted a very high mitogenic effect against bovin~smootb 

muscle cells. Yet no increase in tritiated thymidine incorporated into 

newly synthésized DNA was observed for any lesion or mixed 1esions, 

( whether it .. as aortie or pulmonary artery in origi •. 
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There have been no quantitative studies reported in the literature 

of DNA synthesis using definitive methods to assess the role of quer-

cetin rutinoside on cell proliferation in atherosclerosis. The selec-

tion of the in vitro method for quantifying cell proliferation in terms 

of the incorporation of tritiated thymidine into newly synthesized DNA 

was based on the following advantages. Firstly, this method avoids the 

many inherent problems that arise in using methods su ch as the in vivo 

administration of tritiated thymidine or in counting mitotic figures. 

An accurate measure of the potential influence of quercet~n rutinoside 

on vascular smooth muscle requires an accurate measurement of cell 

proliferation. lt has heen reported (76J that in the normal arterial 

wall of the rabbit the rate of cell renewal is extremely low, with the 

tunica media being virtually stable. Although hypercholesterolemia in-

creases the proliferative activity of the aortic wall, identifiable 

mitotic figures are still observed infrequently [77]. Because mitotic 
• 

figures are rare, it is necessary to use colchicine to arrest the cell 

~ycle, accumulating cells in metaphase so that the characteristic 
\ 

mitotic figures can be counted~ Since colchicine itself inhibits DNA 

synthesis, this method is self defeating sinee it interferes in the sen-

sitivity to adequately assess the influe~ of quercetin rutinoside on 

proliferating smooth muscle cells. 

With the possibility of underestimating cell proliferation when 

counting mitotic figures, quantitative measurement of ce Il proliferation 

must he based on tritiated thymidine being incorporated into newly syn- ( , 
1 

thesized DNA, eitber by radioautographic ~ounting of labelled cells or 
, 

by chemical determination of tritiated thymidine using liquid scintilla-

... 
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tion. In assessing availabili ty of labellea precu,r_sor, fundamental dif-

ferences exist bet"een in vitro and in vivo techniques. One important 

consideration "hen assessihg intravenous administration is the duration 

of the availability of tritium labelled thymidine to the cell population 

being studied: Comparative research previously undertaken within this 
• 

laboratory reveal that the in vitro method of assessing DNA synthesis by 

incubating sections of aortic tissue and les ions for one hour at a con-

centration of SuCi per ml of tissue culture medium gave t"enty to fifty 

times greater DNA labelling than "as obtained one hour after an in vivo 

injection of luCi per gram body weight. Possible reasons for this in-
. 

equality in labelling can be partially accounted for on the basis of 

tritiated thymidine availability. The cells utilized within the in 

vi tro method 'trere exposed to a constant concentration of labelled 

thymidine for one full hour, aSlOpposed to a relatively short and highly 

variable pulse in vivo [78]. Because incubating the aortic tissue sec

tions for an tour assures that the cells are exposed to a constant con-

centration of tritiated thymidine, this endows the in vitro method with 
• 

a more reprodueible specifie activity th an the in vivo,method. ORe 

study [79] reported that administration of tritiated~thymidine via in-

jection results in a sharp increase, then a decline during the first few 

minutes, followed by an exponential decay with a half-life of 9.5 , 

minutes. In addition, administration via the in vivo method results in 

thd labelled thymidine being catabolized in various organs (spleen, 

etc.)~nd other tissues of the body, thereby releasing free tritium. 

Becau~e aortic tissue does not catab~lize labelled thymidine in vitro, 

the in vi tro method essentially avoids the problem of tritium loss or ( 
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incorporation of label into other cell constituents. 

The in vitro method a190 avoided the potential of monocytes becom-

ing labelled in the bone marrow, thereby preventing the possibility of 

labelled monocytes from migrating to 'the site of the lesion \to be er-

roneously counted as proliferating 9~00th muscle cells • 
... ' 

Labelling techniques (using ~adioautography or liquid scintillation 

methods) cannot preferentially limit or preclude the uptake of tritiated ... 
thymidine to specifie cell populations that are more actively dividing. 

It has been shown that under hyperlipidemic conditio~:, cells other than 

vascular smooth muscle cells (i.~. endothelial cells) have an increased 

propensity to proliferate [77,80). This became evident when some en-

dothelial cells became labelled, indicating that endothelium plays ~ 

role in proliferation under hyperlipidemic conditions [80]. Since th~ 

vast majority of cellular proliferation occurs within the lesion itself, 

and because in this study smoo~h muscle cells were selectively induced .. 
to prolif~rate via the peanut oil - butylated hydroxy anisole ~ (BHA) 

diet, then the bulk of dividing cells taking up labelled precurser will 

be-PTAH positive smooth muscle cells. 
~'"'~1~ 1 

muscle cell ri_Ch le,sio~ was efAployed 

cetin rutinoside, background labelling ... 

Although in this study a smooth 

to measure the influence of quer-

did occur in endothelial cells in 

both groups, however, this was a proportionallr smaller f(action, and no 

attempt was mad~ to quantify this background uptake. J . -
The labelling index of atherosclerotic lesions using radioautog-

raphy requires the calculation of the ratio of labelled nucleated cells 

to the total number of nucleated cells in the histological section. The 

absolute accuracy of such a measurement i8 limited by the number of five 
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micron tissue sections that can be )t4ken from each lesion. It i~-

statistically difficult to accurately index cell prolif~ration in small 

1.940,. using radioautographic aethods ~u. to the 9~all section~f 
tissue being examined [77]. As weIl, the large variability of cell 

proliferation between samples of lesions creates.a certain discrepancy 

due to the difficulty of counting sufficient sections to ob tain statis~ 

tically reliable data of aIl parts of the les~on. Obt~ining statisti-

cally reliable data of enough representative lesi~ns can also hi~er the 

accuracy of indexing cell proliferation. It becomes obvious that the in 

vitro method Is more accurate over the in vivo histological method in 

terms of overcoming the potential sampling deficiency becauJe it quan-

tifies DNA synthesis in terms of the whole lesion. 

Caution must however be exercised in the evaluation of. DNA syn-
, 
thesis as an index of cell proliferarion, [811 as not aIl cells syn-

• 0 

thesizing DNA or incorporating tritiated thymidine into DNA_ go on to 

divide. Nevertheless, the measurement of DNA synthesis by determining ~ 
~ ~ 

tritiated thymidine incorporation still remains the method of choice by 

most investigators to measure cell proliferation and remains superior to 

the detection of mitotic figures and radioautography. 

Although the results of this experiment appear not to substantiate 

the hypothesis put forward by Becker et al. [7], namely that quercetin 

r~~inoside may be one factor in tobacco smoke responsible for it being a 

risk factor for atherosclerosis, the results must be interpreted with 

caution and remain speculative untll further res~arch is conducted into 

the ~role of 

atherosclerosis. 

quercetin ~utinos~de in this and other types of 
1 

, , 

\ 
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, v , , 
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,.- The reasons for the -discrepancy between the in vivO' res.J,Ùts and 
~ 

the in vitro find.tngs of Becker et al. [7] are unknown, this discrepancy 

together with the many conflicting reports in the literature point to 

the ~eed for a greater understanding'of the role ot"quercetin rutinoside· 

in altering the activity of mammalian cells. 
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-SUllKlRY 

i' -

1. The difficulties encountered in testing a bypothesis based on in 

vitro data wilth1\ an in vivo model vere numerous. 

2. Hany factors could have potentially affected the biological,_ ~c

tivity of this flavonoid. These include the different pH values of 

the gastrointestinal tract and blood as weIl as the cQnjugation 

with glucuronides, sulfates, etc. 

3. The biphasic or differential effects of quercetin rutinoside 

reported in the literature [19] may ha~e exerted a slight in-

hib~ory effect on cell proliferation. Smaller doses tend to 

stimulate cell proliferation whereas higher doses inhibit cell 
--

proliferation. There are maDY plant compounds that are biologi-

cally active in rather low, concentrations, this appHes specifi-

'" cally to the compo~nds of phènolic structure and preferential~ to 

the flavonoids [23]. It is reasonable to speculate that'if 20.g 

of quercetin rutinoside were absorbed into the blood stream of "a 3 

kg rab~i t, 'i t voUld consti tute a large dose, and thus possibly 

result in the inhibition of cell proliferation. 
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'l'ABLE 1: . SUlOWlyor BECKER ft AL. [1] IN VIDO'VOU: ~CTS OF TODACCO 
CONSTITUEN'I'S U'D POLYPRDOLS OR CULTUREl) J.Oi'l'IC SKOO'1'B "JlUSCLE CELL 
PROLIFlRATIOlf EXPQSSID AS PERCP'l INCRUSE OVER COl'fTROL (AS 
IIDSutiD DY IRCORPORATIOlf OF TRI'l"IATID TIIY1fIDlRE). PREIRCUBATIOR 
TIllE: 30 KIlfUTES. 

Tobacco Constituent/Polyphenol % Smooth Muscle Proliferation 
Increase Over Con trol 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Control 
50 ug/ml 

100 ug/ml 

Quercetin1 

25 ug/ml 
50 ug/ml 

Chlorogenic Acid1 

25 ug/ml 
50. ug/ml 

Platelet Derived Growth Factor - type 1 
2 units ... 

Tobacco Glycoprotein 
50 ug/ml 

100 ug/ml 

Quercetin Rutinoside Pre-incubated* 
5() ug/ml 

100 ug/ml 

Quercetin Rutinoside - BSA 
50 ug/ml 

100 ug/ml 

TAR 
50 ug/ml 

100 ug/ml 

Quercetin ~utinoside Unconjugated* 
50 ug/ml 

100 ug/ml 

! 

10 
10 

143.3 
372.4 

28.7 
189.2 

138 

112 
108 

85 
83 

6~ 
96 

58 
63, 

25 
~5 

1 Polyphenols were incubated with 4 x 10~ cells/well (24\wells/plate), 
the remaining tobacco constituents incubated with 2 x 10~ 
cells/well. 

Standard error of the mean for each point averaged is 12%. 
*Standard error of the mean for'each point averaged i~ 8% • 
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TABLE 2: sUlOlÀIty or BBCDIl ET AL. "[1] IN VIrRO WOlUt: II'FEC'1'S OF 'fOB1CCO 
COlSTI'fUIRTS !RD POLTPIlEROLS 01 CUL'fUREJ) 10R'1'IC SIIOO'fB JlUSCLE CELL 
PROLlFERlTIOR EXPRESSBD 1S THE HUMBER OF CELLS x 10,000 
(IICUBATIOH TIllE: 84 BOURS). 

Tobacco (su tuent/Polyphenol No. of SKC x 10,000 

1. Control 6.75 

2 . Tobaeeo Glyeoprotein 
50 ug/ml 18.0 

3. TAR 
50 ug/ml 16.5 

Querceti~ Rutinoside "" r"" 4. - BSA 
50 ug/ml 16.0 

5. Quercetin 
50 ug/ml 14.0 

. .... 6. ChI orogenie Acid f -" 50 ug/ml 11.0 

AlI constituents, at a concentration of 50 u;/ml, '!fere incu1}at~d '!fith 2 x 10" 
cells/well. ~ 

Standard error of the mean for each point averaged is~15%. 
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'l'BLE 3: DIE! COIIPOSl~IOH ABD 'l'REA'!'MDT 

Group 

Cholesterol 

BHA 

Peanut Oil 

Ethanol 

Quercetin Rutinoside 

Food pellets' 
1 

Tot'al daily ra'tion 
.r 
Extra food pellets 

. Water 

, 

" 

'-!:' 

• 

'. " 

Control • 
g 

0.5 

0.06 
"~ 

~ 
6.0 

1.0 

0.0 

52.44 

60 

ad lib 

ad lib 

\ 

!;xperiment41 

g 

0.5 

0.06 

6.0 

1.0 

Iii. 2.0 

50.44 

60 

ad lib 

ad lib 

\' ..... 
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TABLE 4: IIORTlLITY, BODY lHD ORGU lfEIGBTS v, 

.. 
GROUP 1 - Control Group 

Initial Final Liver Spleen Aorta 
Body Wt ' Body lit % Change lfet lit Wet lft Delip lft 

g g g g g 

Mean 2577 2919 +18.3 140.9 2.80 91.6 
SD 374 469 24.6 25.2' 1.72 15.2_ 
SE 100 125 6.6 6.7 0.46 4.1 
N 15 15 15 15 15 15 

1 DEATH/15 RABBITs i.e. :1% 

GROUP 2 - Experimental Group 

'"""" 
Initial Final Liver Spleen Aorta 

~, B/bdy lit Body Vt " Change Vet Wt lIet' lit Delip lit, , . - g g g fi g 

" q; 

Mt.an 2990 2989 - 1.26 144.2 4.31 96.0 
SD 411 335 15.10 35.6 3.23 24.3 
SE 14 68 t; , 3.08 7.~ ~ 0.67 5.1 
N 25 2S 25 24 24 °24 

MORTALITY RATE: 14 DEATHS/40 RA88ITS ON DIET Le. 35% 

. 
STATISTICAL DIFFERENCE BETlfEEN RESULTS OF GROUP 1 AND GROUP 2 

, , 
t 
P 

3.1666 
<0.005 

-0.0049 
>0.995 

-2.3446 0.3324 1.8552 0.6697 
<0.02'5 >0.70 >0.05 >0.50 

/ 

... 

" , 

'i1 -:: 
1 
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'l'ABLE 5: EXTEII'f OF AORTIC AIfD PULJlOBllY ATBEllOSCLlROSIS 

GROUP 1 - Control Group ) 
t 

Percent Surface lrea Covered with Lesion 

Arch Thoracic Abdominal Whole PUlmonary 
, Aorta Artery 

Mean 57.9 14.4 9.7 20.9 20.5 
+'/- SD 24.0 21.4 12.1 18.4 16.4 
+/- SE 6.4 5.7 3.2 4.9 4.4 

N 1 1 1 1 1 

GROUP 2 - Experimental Group. 

Percent Surface Area Covered vith Lesion 

A,rch Thoracic Abdominal Whole Pulmonary 
Aorta llrtery 

Hean 56.2 15.0 7.6 20.7 30.6 
+/- SD 33.1 17.4 11.7 16.8 ' 25.6 i\~ .. +/- SE 

, 
6.7 3.5 2.3 3.4 5.2, 

N 2 2 2 2 2 
.\ 

..... _1 ... 
STATISTICAL DIFFERENCE BETWEEN RESULTS OF GROUP 1 AND GROUP 2 

t -0.1859 0.0878 -0.5096 -0.0355 1.4783 
P >0.80 >0.90 >0.60 >0.95 >0.10 
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• TAèLE 6: TRITIA'l'ED 'l'BYJlIDlHE IIfCORPORATIOI IR'l'O R1ILY SYRTBISIZ~Dll1RD 
'l'O'l'IL CBOLlS'l'DOL - _ , 

TRITIATED DNA SYNTHESIS TOTAL CHOLESTEROL 
DPH per mg Delip Tissue 

Aorta Aorta Aorta pulm Aorta Pulm Serum 
Normal Lesions Mixell* Mixed* mg/lOO mg mg/100 mg mg/100 ml 

Dry Vt Dry Vt 

GROUP 1 - Control Group 

Hean 518 4474 1128 32'56 5.33 5.93 2534 
. SD 234 2539 892 1439 4.83 3.08 1711 f' . -'-'<'--~';'fE 45 598 257 480 1.34 0.97 434 

. N 28 19 13 10 14 11 13 

GROUP 2 - Experimental Group 
'-1 

Hean 453 3481 1173 3779 4.55 6-t; 2429 
SD 275 2583 1429 2709 3.92 3: 9 . 1781 
SE 65 593 337 699 0.82 0.97 . 371 
N 19 20 19 16 24 17 24 

STATISTICAL DIFFERENCE BETWEEN RESULTS IN GROUP 1 AND GROUP 2 

t -0.83388 -1.17877 0.10659 0.61616 -0.49670 0.27980 -0.17129 
P >0.40 >0.20 >0.90 >0.50 >0.60 >}70 >0.80 . 

(Jfr 

*Hixed: lesion and non-Iesion areas that could not be de-finitively separated. 

o 1 
" ) ) 
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Molecular Structure of Quer~etin Rutinoside and Q~ercetin 
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R = glucose and rhamnose 
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Figure 2 

, 

Figure 3 

Fig. 2-5 

Pbotanl.crographs of sane typical lesioos of average severi1:Y taken fran the aortae of rabbits on 
a cholesterol - peanut oil - mm - ethanol enriched diet. 'Ihese lesions are FacteriZed h1 
abundant œl1u1ar proliferatiœ with cœsid~le interœllular fibroprote (collagen and 
elastin) and noierate aroounts of extracell1.Üar al.'1pid beth in the intima and medi. The ItCderate 
anxxmts of interœll1.Üar fibrinar; material render the les ions reasonably dense. Masson 
Trichraœ and PhosphotWlgStic acid-heootaxylin rnsitive spindIe shaped cells can he easily dis-. 
tinguished underlying the intima. No difference with regard to the severity or fibrocellular 
iOOrphology was abserved between the treated and control aortaè. 'Ihe differenœs betweenJthe 
foor miCI'O'JI"aJils reveql the inherent variability frou rabbit to rabbit. - Fig. 2-4: MasSon 
Trichraœ and Fig. 5: - POOsphotungstic acid-hem:>toxylin; x 1~. Note tbat the higher mag-
nificatiœ makes the secticn look relative1~ thicker than it j,s. ,;< 
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