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Sumrnary

Periodontal disease is a chronic condition that over a long
period of time has the potential to destroy sufficient of the
supporting bone to loosen and eventually become non-functional.
There is a wide range of responses between individuals to the
parasite bacteria that trigger the host defence system and which is
itself responsible for the local damage. There has been an

increasing ahrareness that host response is important in the quality
of the disease experienced. This research has been directed toward
the clarification of the role of one of these factors (vitarnin C).
This factor appears to have a role in the formation of collagen, a
vital gingivar structure and it play:.a key rol-e in host defence as

a consequence of its requirement by neutrophils for effective
chemotaxis and phagocytosis.

This report examines the possible rol-e of vitamin c in the
aetiology of periodontal- disease. The investigation revealed a

poor correlation between ascorbate leve1s of human gingivae and

plasma but there ïras a good correl-ation in the animal model.

Gingival ascorbate concentration was found to be ten-fold
higher than the plasma ascorbate level, suggesting that a high
concentration of the vitamin occurs ín the gingívae. Chronic
marginal vitamin C defíciency may play a significant part j-n

periodontal disease by affecLing the host defense mechanism and the
collagen structural cornponents, including the microvascular system.
The value of vitamin c in the treatment of periodontal disease may

be found to improve host response rnechanism via neuLrophil
function, pronotion of repair and healing via collagen synthesis,
and improved microvascular integrity in conditions where the
gingÍval microcircul-ation has been ínpaired by environmental
factors.
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Chapter !

Introduction

Periodontal disease has been recognised as the most

widespread chronic disease of modern man. It is widely agreed that
the disease is a product of a disturbance of the host-parasite
relationship, and that bacterial plaque and its products are the

najor aetiological factors causing Ehe disease (Egelberg, 1965;

Loe et al, 1965; Socransky, 1970; Kelstrup and Theilade, 1974).

Endotoxins derived from disrupted bacteria in the gingival sulcus
are thought to gain entry to the body via the junctional epithelium
to sensitise the host and then evoke an immune response on

subsequent challenge (\tlilde et al, L977).

Antibody-bacterial antigen reactions induce the components

of the complement system to attract polymorphonuclear leucocytes
( emls¡ to the region where they phagocytose foreign particles in
both the tissue and the sulcus (Attstrom, I97I; Listgarten and

Ellegaard, 1973). Endotoxins may activate the clotting, kinin and

complenent systems result.ing in the establishment of chronic
inflammation (Mergenhagen, 1970). They also stimulate the release
of lysosomal products from neutrophil-s and macrophages (Taichman et
g]-_ 7977; Baehni et gl- 1979 and Norman et gl- 1979) and

promote bone resorption in vitro (Hausmann et al, 1970).

Other factors that can influence the host-parasite
relationship and which may influence the course and severity of the

disease are endocrines, systemic diseases, therapeutic agents and

drugs, genes, and nutrition. Severe vitamin C deficiency is known

1Introduct.ion



to induce scurvy, characterised in the gingivae by haemorrhagic
swel1ing. The changes may be caused by the direct effect of lowered
vitamin C or by bacterial derivatives operating in a less resistant
environment.

The role of vitamin C in gingival metabolism is complicated
but certainly it acts as a reducing agent in fibroblast metabolism
promoting the hydroxylation of proline and lysine in collagen
synthesis (Peterkofsky, I972a) and collagen turnover in gingivae
and periodontal ligaments (Page and Ammons , I974; Rippin,
1976,i978). Furthermore, vitamin C also affects the chemotactic
and migratory activity of leukocytes (De Chatelet et al, 7972;

Goetzl et al, 1974; Alvares et al, 1981) which nay represent an

important mechanism for the host-parasite relationship. In
addition, gingival blood supply in its crestal aspects is end-

arterial' without collateral circulation. It has been shown that
stress, and habits such as smoking, greatly reduce gingival
circulation (Clarke et al, 1981). This may reduce the avail-
ability of vitamin C to the region in an individual with normal

plasma levels. The host defence could be conpromised by reduced

1oca1 vitamin C levels with less than optirnal phagocytic activity,
and lowered collagen turnover and repair.

Although acute ascorbic acid deficiency is a rare
occurrence in developed countries, subclinical deficiency is not

uncommon (Burr et a1, 1974; Lee, 1978; Vir and Love, 1919; Ginter,
I979). Recently, Alvares and his associates studied the effect of
subclinical ascorbate deficiency on periodontal health in Macaca

monkeys. They found that the periodontium was vulnerable to
chronic inflammation and that there was an impairment of
polymorphonuclear leukocyte chemotaxis and phagocytosis (Alvares et

elr_ 1981).

An ultrastructural improvement of epithelium and connective

Introduction 2



tissue was also demonstrated in patients with progressive
periodontitis following the administration of high doses of
ascorbic acid (Aurer-Kozelj et al, 1982).

The concentraÈion of ascorbate in various tissues varies in
accordancê with the vitamin C intake (Keith and Pelletier, L974).
The distribution of ascorbic acid between various cellu1ar
components of blood, eg. monocytes and polymorphs, relates to the
plasma concentration (Evans et al, 1982). Ascorbic acid 1evel of
gingival tissue has been studied, and no correlation was found

between ascorbate concentration in plasma and gingival tissue. I,rlhen

the plasma ascorbate increased significantly the increase in the
gingivae was not significant (Glickman and Dines, 1963). However

it appears that no studies have investigated the correlation of
ascorbate levels in white cells, plasma and gingival tissue.

Accordingly, this study r.\ras designed to evaluate the

ascorbate levels in gingival tissue, plasma and lymphocytes in
chronic vitamin C deficient and normal guinea pigs, Control groups

were also established for both gingival inflammation and

subclinical vitamin C deficiency. Histological studies of the
gingival tissues were also made in an attempt to correlate the

ascorbate assays with gingival pathology. A human study uras

undertaken simultaneously to determine r+hether similar changes

could be observed.

3Introduction



Chapter Z

Review of the literature

An early publication entitled rrTreatise of Scurvytf showed

that. fresh vegetables, oranges and lemons could prevent and cure the
disease (Lind, 1757, cited from Blockley and Baenziger , 1942) .

Since then little work has been done on the aetiology and pathology
of scorbutic lesions until the 1970rs.

In 1912 Holst and Frolish induced scurvy experimentally in
guinea pigs (cited from Chatterjee, l97B). \^lhen the animals were

kept on a diet deficient in vitanin C, changes occurred in the

gingivae, periodontal membrane and alveolar bone consistent wiÈh

those shown by Howe, I,lestin, Iilohlbach, Hojor, Day, Fish, Harris,
Boyle and Bessay in their work during I92O-I94I (Cited frorn Burrill,
1942).

2.1 Epidemiological studies

It was not clear whether the conditions observed in the
guinea pigs also occurred in humans, and therefore epidemiological
studies to deLermine the relatj-onship between ascorbate status and

periodontal disease were begun. In 1942, Blockley and Baenziger

investigated patients attending the Northwestern University Dental

School díagnostic clinic by recording their periodontal tíssue
conditions and plasma ascorbate 1evels. They found that in
patients with normal gingivae plasma ascorbate varied from 0.38-1.6
mg% with a mean of 0.76 ng7", while patients with inflamed gingivae
had levels which were 0.08-0.76 ng7" with a mean of 0.31 mg%. The

gingival condition improved after the administration of 200-500 mg

4Review of the Literature



ascorbic acid dai1y. They concluded that there lras a correlation
between a lowered ascorbate content of the blood and periodontal
disturbances. It was suggested that vitamin C might play a part as

a primary factor in the aetiology of the disease because the
deficient gingivae are prone to infection and complete repair is
probably impossible when the disease is advanced.

Cloutier (1933) claimed that periodonÈal patients who were

lacking in vitamin C could be cured by instituting a vitamin C rich
diet. He withheld local treatment from his periodontal patients
until he had observed the result of the diet correction.

Burrill (1942) confirned this work by keeping records of the
condition of the gingivae, periodontal tissues, and blood plasma

ascorbaLe of 1396 patients. It was found that plasma ascorbate
ranged from 0.04 ng% Lo 2.16 ng7", but he was unable to demonstrate
the correlation between plasma ascorbate level and the periodontal
condition. Burrill concluded that the vitamin C level tended to be

lower in the presence of gingivitis compared r+ith those free of
disease.

Russel (1963) summarized studies of the periodontal status
of 2I,559 children and adults in nutritional field studies
conducted in eight different countries: the United States (Alaska),
Ethiopia, Ecuador, South Vietnam, Chile, Columbia, Thailand and

Lebanon' The survey teams included specialists in nutrition,
medicine, biochemistry, food technology, etc. -Periodontal disease
was examined using a periodontal index, including an assessment of
presenL and active disease and the oral hygiene index. Vitamins C

and A were measured from the plasma concentration, while thiamine
and riboflavin r¡ere measured from the urine. It was found that the
Alaskan diet was very low in vitamin A and c and in Ethiopia the
diet was critically low in ascorbic acid intake. Ascorbic acid uas

high in the diets of Ecuador and Thailand but thiamine and
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riboflavin were low. South Vietnam, Columbia and Lebanon were also

low in thiamine and riboflavin while Chile was low in vitamin A.

Russel could not find a correlation between the periodontal
disease and plasma ascorbate, and he concluded that most of the
variance in periodontal dj-sease was associated with oral hygiene

status and with age.

Russel et al, ( 1965) made both an epidemiological and

nutritional study of periodontal disease in South Vietnam; no

relationship between ascorbic acid intake and periodontal disease

could be found. Correlation between plasma ascorbate and gingival
indices was found in two sma1l groups of U.S. Naval personnel

stationed in Antarctica for a twelve month period (Perlitsch et
al, 196f). A statistical association was found between serum

vitamin C, oral hygiene and periodontal indices in the ten staLe

nutritional survey of 38,000 subjects between 1968 and 1970 in the

United States (Dept. of H.E.I{ 1968-1970). Shannon (1973) also
denonstrated a statistically significant correlation between

gingival scores and ascorbate levels in r¿hole blood and urine.

2.2 Vitamin C and collagen fornation

2.2.I Histopathological sLudies

Histological studies of vitamin C deficient gingival
tissues are numerous and many of them have concentrated on collagen
formation relative to periodontal structure and functions (Glick-
man, 1948a,b; lrlaerhaug, 1958; Messer, 1972; and Aurer-Kozelj et
al-, 1982). Glickman (1948a) used twenty-five guinea pigs to st.udy

the effect of acute ascorbic acid deficiency. Sixteen of the

guinea pigs were fed with a vitamin C-free diet, and the nine

controls received the same diet supplemented with vitamin C, 1

mg/tOO gm body r+eight. The histopathology of the mandible, maxilla

6Review of the Literature



and knee joint were studied after thirty-five days. He found that
in the periodontal membrane and alveolar bone there were

destructive changes in the absence of gingival inflammatj-on or
pocket formation. The changes were generalized in pattern,
although acute vitamin C deficiency caused oedema of gingival
connective tissue, collagen degeneration and haemorrhage. The

deficiency itself did not increase the incidence of gingivitis, but
Glickman concluded that in vitamin C deficiency there i-s an increase
in the frequency and severity of 1ocal infection which results from
the deficiency state. In the sarne year Glickman dernonstrated the
effect of induced acute inflammation on the periodontium by

applying 10% silver nitrate solution in the labial gingival sulcus
of guinea pigs in both the deficient and control groups. After
application of silver nitrate for four days the animals r¡ere

sacrificed and studied histologically. Inflammation induced in the
gingival sulcus resulted in pocket formation, Iocal.ized necrosis
and acute inflammation in the underlying tissues of boÈh vitamin C

deficient and control animals. In the deficient animal inflam-
matory cell infilt.ration was slight, with polymorphs diffusely
scattered throughout the tissue. The vessels had collapsed and

were barely discernible against the background of degenerated

collagen (Glickman, 1948b) .

Acute vitamin C deficiency resulted in an exaggerated

inflammatory and destructÍve sLates in gingival tissue with no

evidence of collagen repair in progress. 0steoporosis of alveolar
bone had occurred and there was little ability of the bone to
produce a satisfacLory matrix. Glickman concluded that the factors
that contributed to the exaggerated destruction of periodontal
tissue included the inability to form a peripheral delimiting
connective tissue barrier, a reductÍon in inflammatory ce1ls, a

diminished vascular response and the inhibition of fibroblast
formation and differentiation of osteoblasts (Glickman, 1948 a,b).

7Review of the LiteraÈure



Waerhaug (1958) studied Èhe supporting structures of the

teeth in long term vitamin C-deficient monkeys. He reported that
two of the monkeys died after 42 and 75 days respectively without
exhibiting typical clinical signs of scurvy. Signs of scurvy in
two other monkeys appeared after 90 days. Teeth had increased

mobility after 120 days and at the end of the experiment the teeth
were loose and the gingivae were flabby and haemorrhagic. The

odontoblasts of the dentine in the erupting teeth were dediffer-
entiated although some dentine formation occurred in the apical
part. The pulp tissue showed some degeneration with few vessels

while bone formation was reduced. The newly formed bone revealed

thin trabeculae and sma1l marrow spaces. 0steoclastic resorption
v/as a common finding and in many are¿is extensive resorption of the

alveolar wall had taken place. The collagen underlying connective

tisue had broken down, and only scattered ttislandstt could be

observed in the section. Hemorrhages were found in the periodontal
membrane, the gingivae and the bone. The epithelium was not

affected by Èhe deficiency to the same extent as bone and connective

tissue.

It was concluded that the clinical appearance of the

periodontal structures in severe scurvy resembled that of

periodontitis in man. The histological picture in scurvy is
different as the damage in the periodontal membrane is generalised,

whereas in periodontitis it is localised to areas below and adjacent

to the deepened pocket. Tooth mobility in scurvy is caused by the

generalized destruction of collagen of the periodontal membrane and

the resorption of the inside of the alveolar wall, whereas in
periodontítis it is facilitated by pocket deepening and localized
destrucLion of the periodontal membrane.

Dreizen et al (1969) studied in marmosets the effect of
vitamin C deficiency and showed that the fibres of the periodontal

ligament were affected. In addition minor changes were observed in

Review of the Literature 8



the gingival fibres and alveolar bone, which resulted in a small
increase of the periodontal space. Haemorrhage within the
periodontal fibres occurred increasingly in the later stages of the
scorbutic state and the marked disintegration of the periodontal
fibres led to increased mobility of the teeth.

Messer (I972) studied dentine and bone formation in
monkeys. He found that dentine format.ion decreased by approx-

imately 3O7" in the vitamin C deficient animals, while bone

formation ceased completely.

Kramer et al, (1979) studíed collagen formation during
vound healing and Lhey demonstrated. no normal collagen ingrowth
into implanted sponges at 7 or 14 days in the scorbutic guinea pigs
when compared to the supplemented animals. However, there was no

histological difference in the amount of collagen formed between

the group receiving the recommended daily (5 ng/day) and the

supplemented group (200 mg/day).

Recently, the effect of ascorbic acid supplementation on

periodontal tissue ultrastructure has been studied in subjects with
progressive periodontitis. It was found that the plasma vitamin C

leve1 of 2I patients ranged from 0.18-0.30 rng%, corresponding to an

intake of 30-40 mg of vitamin C daily. After supplementation with
70 mg of ascorbic acid daily for six weeks, plasma vitamin C levels
were again measured and biopsies were done. An improvement in the

organisation of the cytoplasnic joint bridging the int.ercellular
spaces of proximal epithelial cel1s or the bundles of cytoplasmic

tonofilaments and the connective tissue of the gingival lamina

propria was found (Aurer-Kozelj et al, 1982).
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2.2.2 Biochemical studies

There are many reports of investigations of collagen
synthesis by biochemical neans. Peterkofsky (I972a) sLudied the
regulation of collagen secretion by ascorbic acid in 3T3 culture
supplemented with ascorbate. The collagen synthesized and secreted
in the scorbutic condition r,/as extensively underhydroxylated. The

resul-t using chick embryo fibroblasts was the same, but total
collagen synthesis r^¡as decreased in the absence of vitamin C.

Peterkofsky suggested that. the reduced secretíon of collagen was

probably caused by a deficiency of hydroxylation of proline and

lysine during collagen turnover.

The effect of ascorbic acid on collagen polypeptide
synthesis and proline hydroxylation during the growth of cultured
fibroblasts was also studied by the use of an assay that measured
14'0-proline incorporation into the polypeptide chains of collagen
(Peterkofsky, r972b). The study failed ro demonsrrare the effect
of vitamin C on growth and collagen synthesis rate in L-929 cells,
suggestÍng that a cofactor whích can substitute for ascorbate is
synthesized in these cells.

Golub (1973) also studied the effect of ascorbic acid on the
collagen turnover in bone in tissue culture media to label the newly

âl
synthesised ''H -hydroxyproline. This study showed that collagen
synthesis in tissue culture was markedly accelerated by increasing
the ascorbic acid concentration (0.05-50.0 ËB/ml) but rhe

?degradation of "H -hydroxyproline in collagen was inhibited. High

ascorbic acid leve1s seemed t.o increase the crosslinking between

molecules synthesised and 1abel1ed in tissue culture. Ascorbic

acid deficiency in tissue curture appeared to inhibit collagen
remodell-ing in bone by decreasing the accumulation of newly

synthesised collagen and the breakdown of older preformed collagen.

Review of the Literature



Ostergaard and Loe ( 1975) used monkeys to study the
collagen content of skin and gingival tissues in ascorbic acid

deficiency by determining the amount of proline and hydroxyproline
from tissue collagen extraction treated with bacterial collagenase.
They found that the content of hydroxyproline in the scorbutic
monkeys decreased throughout the experirirental period and the rate
of decrease from the gingivae was faster than that of the skin. The

hydroxyproline reduction rate was probably dependent upon the

collagen turnover rate in the tissue. The ratÍo of proline and

hydroxyproline in the collagenase treated collagen extracts was

higher in the deficj-ent group than the controls. They concluded
that ascorbic acid is a prerequisite for the maintenance of the

collagen pool in the tissue. Lack of vitamin C results in lower
hydroxyproline content in a collagenase degradable protein
fraction.

Barnes (1975) offered the opinion that ascorbic acid had no

effect on the preformed co11agen, but the amount of soluble collagen
was reduced in scorbutic animals because of the lack of synthesis of
new collagen while normal loss from the pool was occurring.

Kramer et al, (1979) analysed implanted sponges in three
groups of guinea pigs. The first group received no ascorbate and

were examined after seven and 14 days. A daily allowance dose (5

ng/day) was given to the second group and a supplemented dose of
(200 mg/day) was given to the third group. After 7 days the first
group had a minimal 1evel of hydroxyproline (0.54pg) and aË 14 days

the hydroxyproline concentration was higher but it was still low

(O.62 pg) relative to the control group. In the animals receiving 5

ng/day and 200 ng/day, significantly greater amounts of hydroxy-
proline were present than in scorbutic animals. Although the
supplemented group showed significantly greater amounts of
hydroxyproline than the daily allowance group at seven days, the::e

vrras no significant difference at 14 days.

Review of the Literature 11



Kramer et al, (1979) concluded that the large supplement
of ascorbic acid appears to have at least a transient effect on

wound healing collagenatÍon, thereby supporting the case for large
dose ascorbate therapy during acute phases of healing.

It is known that ascorbic acid is i_nvolved in the
hydroxylation reaction in collagen synthesis. A role was proposed

for vitamin c that suggested the vitamin vras required for the
reduction of enzyme bound Fe** that may become oxidised to Fe+++ in
a side reaction after the conclusion of prolyl hydroxylation.
Reduction of the ferric form to the ferrous state would be required
before the hydroxylation cycle could proceed: Ascorbic acid would
appear to maintain enzyme function in the hydroxylation of peptide
bound proline (Anonyrnous, I97g) .

2.3 Vitamin C and mucosal permeability

It has been shown that ascorbic acid deficiency reduces the
mucosal barrier function and alters the synthesis of basement

membrane collagen (Priest, 1970; Alfano et al, 1975). It v/as

suggested that the basement membrane region of epithelium is the
rate-limiting barrier to endotoxin penetration. The effect of
ascorbic acid deficiency on oral mucosal permeability to the
penetration of endotoxin using quantitative methodology in guinea
pigs \,\¡as evaluated. rt was shown that ascorbic acid deficiency
significantly impaired the synthesis of basement membrane collagen
and i-ncreased the permeability of mucosal epithelium (Alfano et al,
r975a,b,c). However, they were unable to establish that alter-
ations in mucosal permeability hrere caused by a direct effect of the
nutrienL deficiency on the epithelium or by modification in
endotoxin-mediated processes. Therefore, Alfano studied the effect
of acute ascorbic acid deficiency on the DNA content and
permeabilit.y of guinea pigs' oral mucosal epitherium. He found
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that there was a decrease in penetration which was paralleled by a
decrease in the DNA content with time in the control group. The

experimented animals had an altered epithelial DNA content which

did not correlate with permeability. He concluded that DNA content
and epithelial permeabitity was a reflection of the functi-onal
maturation of structures such as membrane-coating granules or the

basal lamina (Alfano, 1978).

Mallek and Miller (1979) showed that supplementation of
ascorbic acid (1000 mg/day) for four weeks in hurnans resulted in a

sígnificanÈ increase in tissue and white blood cel1 ascorbate
levels. The increased ascorbate levels correlated with a reduced

penetration coefficient of tritiated dextran. They concluded that
crevicular tissue uas able to take up a large moiety of ascorbate
and suggested that the sulcular epithelium required an optimal
level of ascorbate for the maintenance of effective barrier
function.

Alvares and Siegel (1981) recently demonstrated that the
permeability of the gingival sulcular epithelium was increased two

or three weeks prior to the developrnent of the clinical scorbutic
gingivitis in acute vitamin C deficient rnonkeys. However the role
of ascorbate in the permeability of mucosa is not understood. It
may be related to the effect of vitamin C on collagen formation,
including a lack of formation of the triple helical structure
followed by degradation of the unassociated alpha chains (Barnes,

I975), and an impairment of oral epithelial basement membrane

synthesis (Alfano et al, I975c). The increase in permeability of
sulcular epithelium could allow endotoxins or antigenic substances

from the gingival crevice to enter the underlying connective tissue
and could contribute to the pathogenesis of scorbutic gingivì-tis.

Review of the Literature 13



2.4 Vitamin C and host response

2.4.I lmmunity

Vitamin C was proposed as an antiviral and anÈibacterial
agent by Klenner (1951, 1953) and McCormick (1952) (cited from

Leibovitz and Siegel, 1978) , and this hypothesis recently has been

re-emphasised (Pauling, I97O; Mc Ca1l et al, 1971). Pauling
noted in connection with vitamin C intake and the common cold t.hat

the morbidity of the patients who Èake one gramme of vitamin C daily
was decreased by approximateLy 367" (Pauling, 1976).

The administratíon of megadoses of vitamin C have been

shown to prevent the common cold and upper respiratary disease
(Chalmers, 1975; Thömas and Holt, 1978). Baird et al, (1979)

found that 80 mg daily of viramin C reduced the incidence of
respiratory syrnptorns by 147"-21% in 362 volunteers but the control
group gave similar results. Siegel (I974) demonstrated that there
was a significant increase in the circulation of interferon after
induction with murine leukemj-a virus in rnice fed with 25O ng7" of
vilamin C. He also found that adding L-ascorbic acid in the mouse

cel1 cultures stimulated with polyinasinic acid.polycytidylic acid

IPoly(rI).po1y(rC)] enhanced the interferon synthesis (Siegel,
197s) .

Siegel and Morton (1977) studied vitamin C and the

immune responses in mice supplernented with L-ascorbate (250 mgZ) :-n

their drinking water ad libitum. Splenic T-cells activity \,\ras

enhanced,' including the release of a variety of lymphokines which

were probably responsible for effecting cell-mediated immune

responses.

Prinz et _g]"_ (1977) also demonstrated a small- but
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significant increase in serum IgA, IgM, and complement C3 in 25

healthy male university students fed lgm of ascorbic acid per day

for 75 days. Anderson et al, (1980) reported that there was a
stimulation of lymphocytic transformation by Phyto-haemaglutinin
(PHA) and concanavalin A (Con A) after the daily ingestion of 1-3gm

of ascorbic acid in human volunteers.

Thomas and Holt (1978) concluded that ascorbate supplements

appeared to increase antibody production against antigen. Banic
(1982) concluded from his experiments that high and low doses of
vitamin C increased slightly the effectiveness of immunisation of
guinea pigs with a human ce11 culture rabies vaccine. However

Beisel (1982) reviewed the literature and concluded that an

ascorbic deficient state could not prevent the formation of
antibodÍes or the agglutinin response but that supplementation
might enhance those reactions.

2.4.2 Neutrophil function

Goetzl et al, (1974) reported that the incubation of human

leucocytes with ascorbic acid resulted in enhanced chemoLactic and

random migratory responses of the ce11s. The neutrophil hexose

monophosphate shunt activity was also increased when determined by

Lhe conversion extent of 1-14c glucose to 14cor. This finding was

confirmed by Sandler et al, (1975) who showed that ascorbic acid
enhanced the chemotactic responsiveness of mononuclear cells. It
was also demonstrated that ascorbic acid increased the cyclic
guanosine monophosphate (GMP) content in the cells. Leukocyte

chemotaxis was also enhanced by ascorbic acid but no significant
increase in cyclic GMP was found.

Shilotri
phosphate shunt

(1977a,b) also sÈudied glycolytic, hexose mono-

and bactericidal activities of leukocytes in
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ascorbíc acid deficient guinea pigs. He found that the phago-

cytosis induced glycolytic, hexose monophosphate shunt activities
and bactericidal activity of guinea pig's PMNs were impaired in
ascorbíc acid deficiency.

Leibovitz and Siegel (1978) reviewed the relationship
between ascorbic acid, neutrophil function and the irunune response.

They studied ascorbic acid with regard Lo antimicrobial activity,
interferon production and humoral and cellular immune response.

Ascorbic acid was thought to play a role in neutrophil functions,
such as phagocytosis and migration, including increased chemotaxis

and stimulated hexose monophosphate shunt activity, etc.

Anderson (1982) studied the effects of ascorbate on both

normal and abnormal leucocyte functions. It was found that the
stimulation of neutrophil migration and lymphocyte Lransformation
related to the inhibition'of the auto-oxidative effect of the

myeloperoxidase/hydrogen peroxide/natide system (MPO/UrOr/HaI
sys). Neutrophils unt lymphocyres exposed ro rhe IÇ.O/HrOr/HaI

sys demonstrated an impaired responsiveness in their chemotactic
and transformation responses, respectively. Ascorbate was found to
protect neutrophils and lymphocytes during exposure to the

¡"tYOi /HrOr/HaI sys u.r¿ also ascorbate improved the primary
immunological function of these defence ce1ls in patients with
chronic granulomatous disease. hlhite cel1 function was also found

to be improved in patients suffering from bronchial asthma.

The effect of subclinical ascorbic acid deficiency on host

defense in monkeys \{as studied. The PMN's phagocytic activity of
the experirnenÈal group was decreased significantly, and there was

increased susceptibility to periodontal disease (Alvares et a1,

1980, 1981).

Patients with a family history of diabetes mellitus and

Review of the Literature 16



demonstrating the existence of periodontal disease were found to
have a depressed neutrophil chemotaxis when compared to the other
periodontal patients (McMullen et gL t981). Aleo (1981)

proposed a possible role of vitamin C deficiency in periodontal
disease in diabetics. His hypothesis was based upon the following
assumptions:

1. Transport of ascorbate across ce11 membranes may be

impaired by glucose but facilitated by insulin.

2. Glucose utilization was significantly accelerated by

sublethal concentratíons of endotoxin.

3. Endotoxin - induced histamine sensitivity of tissue was

enhanced by ascorbic acid deficiency.

4. Ascorbic acid deficiency altered mucosal barrier
function.

The cycle I^Ias summarized as follows:

elevated glucose ------------+ cellu1ar ascorbate + lowered mucosal

deficiency barrier function

endotoxin elevated histamine-iDcreased vessel
permeability

eads to íncrease penetration of endotoxin

(Aleo, 1981).
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stankova et al, (1975) reported that neutrophils col1-
ected from scorbutic guinea pigs were able to produce H2O2 and kiu
bacteri-a as well as PMNs, f rom the control. Th;; u¡as no
significant impairment of phagocytosis of bacterial cells by
nacrophages of vitamin c defi-cient guinea pigs but the migration of
macrophages lras reduced significantly in vitro (Ganguly et ar,
1976) .

shilotri and Bhat (1977) studied the effect of mega doses of
vitamin C on the bacteriocidal activity of normal human leukocytes
by measuring the conversion of glucos. -l-14ç ao 14^^tt2 in the hexose
monphosphate shunt during resting and phagocytosing sLates. The
number of viable bacteria was counted and it u¡as found that
supplemented doses did not affect the bactericidal activity of
leukocytes. The phagocytic effect of supplemented doses was not
different from the initial intake. Therefore, they concluded that
there was no beneficial effect of using negadoses of vitamin c on
bactericidal activity but there was a dist.inct decrease of the
activity.

Neutrophilsi were shown to contain a relatively high
concentration of ascorbic acid which reflected the vitamin status
of humans more accurately than serum (crandon et a_1,- 1940, Butler
and cushman, 1940 and srikantia et al, 1970). The concentration
of ascorbic acid in neutrophils isoraLed from rabbits or guinea pigs
is between ten and forty times that of serum levels (De Chatelet et
-3L- 1974), and various organs also selectively concentrate vitamin
c (Keith and Pelletier, r974). High concentration of ascorbic acid
in leukocytes rnay suggest that the vitamin plays a vital role in the
activity of these cells. The role may be involved with the
properties of the cel1 in body defences, i.e. antibody production
and phagocytosis.
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2.5 Vitamin C and host environment

2.5.I Smoking

Ascorbic acid rnetabolism is compromised by the environ-
mental factors of stress and smoking. Brook and Grimshaw ( 1968)

showed that moderate smokers of both sexes had decreased levels of
plasma ascorbic acid. Males appeared to experience the greatest
reduction of viLamin C titres for all smoking intensiÈies. These

fÍndíngs were confirmed by Pelletier ( 1968), who found that after
taking saturating doses of vitamin C (two gn/day for five days) both
smokers and non-smokers had similar white cell and plasma ascorbate
1eve1s. rn addition it was found that in the elderly, plasma and

leukocyte vitamin C levels were lower than in the young and in
smokers of more than 15 cigaretts per day, the vitamin C content was

lower than that in non-smokers (Burr et al, L974).

It was also demonstrated that PMN leukocytes collected from

smokers were less vital and less able to phagocytose particles when

compared to those of non-smokers (Kenney et al, 1977). Further
studies of the response of polymorphonuclear leukocytes to
chemotactic stimulation for smokers and non-smokers failed to
demonstrate a difference between the ability of the PMN from smokers

and non-smokers to react to chemotactic agents. No difference v/as

found between the ability of chenot'actic agents from smokers and

non-smokers to attract PMNs.l However, significant differences in
the ability of PMNsr to migrate towards an attractant occurred from

pair to pair. rt was concluded that cigarette smoking has a rasting
effect on the ability of circulating PMNsr to react to chemotactic
stimulation, or on the ability of cytotaxins or cytotaxigens to
attract PMNsI ' (Kraa1 and Kenney, 1979).

Recently Thyber g and Nilson ( 1982) noted thar mouse

macrophages cultivated in a rnedium containing nicotine (lnM - 1¡rM)

t
14

I
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slightly decreased the ability of the cells to phagocytose latex
beads. Moreover, it has been found that nicotine can affect blood
circulation in gingiva. The effects of intra-arterial epine-
phrine and nicotine on gingival circulation \¡rere studied using the
heat diffusion principle. It was found t.hat nicotine caused a

severe reduction in blood flow rates despite greatly increased
pressure within the system (Clarke et al, 1981). The reduction in
flor+ was shown to be due to a severe constriction of the afferent
gingival vessels (Shephard and Clarke, 1984).

2.5.2 Alcohol

Since the human cannot synthesise ascorbic acid, dietary
ascorbate deficiency can occur, especially in selected groups such

as alcoholics and t.he elderly taking inadequate care of themselves.

Bonjour (7979) suggested that ascorbic acid deficiency in
alcoholics lras demonstrated by lowered leucocyte and plasma

concentrations of ascorbate when compared with a control group.

The reduction may be a simple correlaLion with intake levels but may

indicate a high demand for the vitamin in that group. Krasner etal,
(I974) researched the clearance of ethanol from plasma in healthy
male volunteers before and after the administration of vitamin C and

found that ascorbate accelerated the catabolism of ethanol.
Fazio et a1, (1981) found that plasma ascorbic acid concentration
vras significantly decreased in healthy subjects when ethanol was

ingested r+ith ascorbic acid.

2.5.3 Oral contraceptíon

0ral contraceptives consist of female sex hormones known to
be condÍtioning factors of gingivitis. It is possible that these

hormones play a role ín ascorbic acid metabolism since both plasma

and leucocyte ascorbic acid levels are reduced in r+omen taking I the

:.,1ti

.

k
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pi1lr (Mcleroy and Schendel, 1973; Briggs and Briggs, L972; Rivers
and Devine, 1972). Itmay be advisable for users of these agents to
supplement their dietary ascorbate to acheive optinal levels of
plasma and leucocyte ascorbate (hleininger and King, 1982) .

2.6 Vitamin C and histamine metabolism

Vitamin C breaks down histamine to aspartic acid and

therefore functíons as a detoxifying agent for histamine
(Chatterjee et al, I975a). In scorbutic gui-nea pigs ascorbic acid
would not be available for histamine catabolism and tissue and

plasma'levels could be expected to Íncrease. It was found that the

restoration of ascorbaLe in guinea pigs rapidly reduced their
histamine levels to within normal limits (Chatterjee et 91,_

f975b). Furthermore, in the human plasma values for ascorbate
below O.7 ng7. were associated with a marked rise in histamine values
(Clemetson, 1980). Sharma et al, (1981) failed to demonstrate a

correlation between histamine and plasma ascorbate in the third
trimester of pregnancy. ft was thought that the patients probably
had adequate ascorbate and the addition of further moities was of
little value in modifying histamine leveIs. Ascorbate values above

L.2 ng7" achieved a virtually constant level of histamine.

Histamine has a powerful vasodilaLory effect on small blood

vessels and high hístamine levels lead to hyperaemia and increased

capillary permeability. In the scorbutic condition there may be a

correlation between high and persistent endogenous hisLamine levels
and either an increased penetration of endotoxin or capillary
degeneration (Chatterjee, 1978)

.ì
'r.ï

,.:

':

!
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2.7 Vitamin C and drug metabolism

The effect of ascorbic acid on drug metabolism in scorbutic

guinea pigs has been studied (Zannoni et al, 1972; Zannoni and

Lynch, 1973; Zannoni and Sato, 1975). Plasma, leucocyte and

urinary ascorbate concentrations were decreased when ascorbic acid

and aspirin were given símultaneously (Basu, 1982).

It has been shown that vitamin C increased the activity of

liver enzymes that enhanced drug detoxification, reduced the

potenLial of drug sensitivity and irnproved efficiency of

antibiotics (Ringsdorf et al, 1978, 1980).

In conclusion, gingival health could be influenced by

ascorbaLe in many ways; in collagen formation, epithelial
permeability, histamine metabolism, production of antibodies and

interf eron, neutrophil f unction and in the promoLion of r,¡ound

healing. The ascorbate content of the various tissues correlates
r,Iith plasma or leucocyte levels, which in turn reflect the status of
body ascorbate. However gingival ascorbate did not correlate with
plasma values in patients with periodontal disease (Glickman and

Dine, 1963). Possibly this paradox may be explained by the

operation of loca1 factors that restrict the free circulation of

blood in the end-arterial conditj-on resulting in vasoconstriction
such as smoking and stress, or in sluggish flow such as in the

presence of chronic inflammation.

2.8 Vitamin C deficiency models

The choice of a suitable laboratory animal is very limited
since most vertebrates synthesise ascorbate from glucose Ín the

l-iver or kidney; microsomal- L-gulonolactone oxidase is the enzyme

employed in the final stage of the conversion of glucose to ascorbic

acid (Chatterjee et â1, 1961) . 0n1y man, anthropoid apes,

{,
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monkeys, bats and guinea pigs are without the ability to synthesize
ascorbate. The cost and availability of the monkey animal model

leaves the guinea pig as the only real option for vitamin C

experiments but it I s ascorbate metabolism is different from that of
the human.

2.8.7 Biochemistry of vitamin C in rhe guinea pig

The guinea pig is herbivorous, consuming large quantities
of vegetaÈion in itrs native habitat of the Andean mountain ranges.
The teeth are those of a herbivore and the eating patterns once

established, are difficult to cþange. A high fibre diet is
required but a purified pellet has been used successfully in young

guinea pigs (Navia and Lopez, 1973).

The half-life of ascorbate in guinea pigs is short, about

four days and so the animals quickly show signs of deficiency. The

rate of ascorbic turnover in guinea pigs is rapid and tissue storage
is limited, makíng a frequent and regular intake of ascorbate
essential. Guinea pigs obtaining two mg of ascorbic acid daily or
four mg on alternate days or six mg every third day appeared to
remain healthy. However the supply of 14 mg of ascorbate on a

weekly basis was inadequate and failed to preserve adequate health
of the animal (Zilva, I94I -cired from Navia and Hunr, 1976).

The tissue concentration of ascorbate in most guinea pigst
organs is proportional to the dietary intake and the plasma

concentration (Navia and Hunt, 1976). Retention and loss of
ascorbate by the dj.fferent tissues of guinea pigs fed scorbutigenic
diet varied considerably. The adrenals, spleen, and aqueous humour

lose ascorbate rapidly while the loss from the brain and lens is
slower. After 14 days on an ascorbate-free diet the tissue 1evels
of ascorbate were 257,' of. the initial concentration. Specific organ
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tissues from the adrenal and spleen retained only 57. of their
initial ascorbate (Hughes eL al, 1971a,b). Guinea pigs given a

vitamin C-free diet usually displayed overt signs of deficiency
within three weeks and died after approximately one month (Ginuer,

1979). IL was found that female guinea pigs adjusL their ascorbate

metabolism in the terminal phases of the scorbutic state (Odumosu

and ldilson, 1971) .

The ascorbate requirements of guinea pigs has been

difficult to determine and a range from 0.4-25 mg per day is
required, dependent upon the conditions. No ur.inary ascorbate

excretion was det.ected when seven mg of ascorbic acid per kilogram

of body weight hras fed to guinea pigs, a leve1 of ascorbate

calculated to be ten times hígher than the human requirement (Navia

and Hunt , 1976).

2.8.2 Chronic marginal vitamin C deficiency model

In an attempt to more closely reproduce the human

nutritional status, a model of marginal vitamin C deficiency was

developed (GinLer et al, 1968). Guinea pigs were given a vitamin C

free diet for two weeks to reduce the body pool of ascorbate without
producing obvious signs of deficiency. A maintenance dose of 0.5
mg of ascorbate per day or for heavier animals (over 500 gm), a dose

of 0.1mg/100 gm body weight vlas given. This concentration of

ascorbate appeared to maintain the animals in acceptable heal-th, as

indicaÈed by their food consumption and their weight curves

compared with controls. Their tissue ascorbate levels were very

low and were found Lo be close to the values of the scorbutic
condit.ion but no obvious deficiency condition arose even in
experiments lasting for several months. The'condition was probably

comparable to subclinical hypovitaminosis C in man and r{tas

described as marginal vitamin C deficiency (Ginter, 1979).
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Chapter 9.

Materials and Methods

3.1 Animal experiment

Twenty-eight male guinea pigs, three months old and

weighing between 300-400 gm, had their incisal teeth cleaned twice
weekly with cotton buds soaked in 0.27" chlorhexidine solution for
three weeks prior to the onset of' the experiment. All of the
animals were fed with.autoclaved chow pellets*, distilletl water ad

libitum, and a supplement of five mg of L-ascorbic acid in one ml of
2O7" sucrose solution given orally thrice weekly. The supplement

vras freshly prepared each week and- refrigerated. The weight and

temperature measurements of the animals were taken once a week.

Composition of gui-nea pig chow pe1let:

lucerne

barley
soya bean meal

limestone
salt

wheat 2O.O%

pollard 2O.O7"

meat meal 5.O%

calcium phosphate 0.57"

vitamins (minerals) I.O7"

19.oz

25.57.

7 .57.

0.5%

r.o7"

The pellets r{ere manufactured by Milling Industries,
Adelaide.
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3.1.1 Experimental periodontal disease

Chronic inflammation r{as induced by the application of
dental floss ligatures reinforced by composite resin. The

ligatures were placed on the central incisors of either jaw and the
opposite pair acted as controls. The ligatures lrere checked twice
a week and replaced as necessary. All procedures were performed

under general anaesthesia acheived by intramuscul-ar injection
IKetamine hydrochloride (Ket.lutR) 50 mg/kg].

Fig. 1 Position of incisal ligature
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3.I.2 Experimental protocol

The animals l^tere separated into two groups af ter the

induction of disease. The experimental group was fed with chow

pellets and water with a marginally deficient dose of vitamin C

added ( lmg in 1ml of 2O7" sucrose three times / week) . The control
animals received the same diet except that they received the

vitamj-n supplement described in 3.1. The animals were maintained

on this regime for at least 12 weeks. Once a month during the

experimental period, random selection of animals from both groups

was made to obtain blood samples for ascorbate assay. The blood was

obtained by cardiac puncture under an inhalation anaesthesia (27.

halothane in oxygen).

After six weeks, three anirnals of the experimental group

expired and were replaced by two controls. The marginally
deficient dose of ascorbic acid solution was increased to 2mg/m1 of
202 sucrose solution, 3 times/r+eek for five weeks and then returned
to the original level until sacrifice (six weeks) for all the

animals in the test group. Two more anirnals died one week before

the conclusion of the experírnent. The control animals received
increased ascorbate in the seventh week (10 mg/ml) and increased to
2tng/nl until the conclusion of the experiment.

At sacrifice, blood was collected from the abdominal aorta
for plasma and lymphocyte preparation in all animals under

halothane anaesthesia. Ascorbate assay was made from the gingivae
of five pairs of animals and blocks of the incisal region were

collected from the remaining animals for histopathological
investigation.
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Fig. 2 Abdominal aorta blood collection

3.1.3. Vitamin C assay sample preparation

A. Plasma ascorbate PreParation

Two ml of blood in an EDTA tube were centrifuged for 15

minutes at 3r000 rpm to separate plasma from red cells while

avoiding the buffy layer. Half a ml of plasma was added to 1.5 ml

of cold Trichloroacetic acid (TCA) 6i¿ Vl/V solution. The tube was

shaken until the mixture was mixed well and left at room temperature

for 5 minutes. The solution was cenËrifuged for 10 minutes at 3,000

rpm. The supernatant was kept for plasma ascorbate measurement

after being frozen at -20"C until the time of assay.
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B. Lymphocyte ascorbate preparation

1. Separation of lymphocytes

Tr¿o nl of EDTA blood were diluted with 2 ml of buffered salt
solution (Ringerrs solution). The diluted blood was carefully layered on

3 m1 of Ficoll-pagueR,,lymphocyte separator solution in a 10 ml centrifuge
tube. The tube was centrifuged at 4009 for 40 minutes at l8o C in a

refrigerated centrifuge (Ice-Centra-7R). The upper layer containing
plasma was discarded. The lymphocytes in the middle layer were harvested

into a centrifuge tube. Ringert s salt solution was added to make up 10 ml

and the cells were suspended by gently drawing in and out of a Pasteur

pipette. The lynphocytes were diluted in isotonic solution (Isoton II)
to make a 1:200 dilution for lymphocyte count by adding 0.1 ml of lymphocyte

solution to 19.9 mI of Isoton II. The lymphocytes in Ringers salt solution
lirere centrifuged at 4OO g at 18oC to obtain a cell pellet that was washed

with Ringerrs salt solution; the supernatent was discarded. The cell
pellet was then ready for ascorbate extraction.

LYMPHOCYTE SEPARATION

@ elooo SAHPLE @l LYnPHocYrEs

Sl 'colr-eaoue E Elîiiå33lleEs
E PLASmA

F,ig. 3 Lymphocyte separation
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2. Lymphocyte ascorbate preparation

The cell pellet was weighed and 2nI of 6% cold TCA were

added to the pellet and Lransferred to a glass rod homogeniser. The

homogenised lymphocyte solution was transfered to a centrifuge
tube, while the homogeniser was washed by another 2 mI of 6% cold
TCA solution, that subsequently was added to the centrifuge tube.

The hornogenised solution was centrifuged at 3000 rpm for 10 minutes

at 18"C. The supernatant was frozen and kept at -20oC until the

time of assay.

C. Gingival tissue ascorbate preparation.

Aft.er collection, the gingival tissue v¡as washed with
normal saline to remove b1ood. The tissue was drj-ed with gauze and

weighed and then cut into smaller pieces and homogenised I'ith 2 ml

of 67" cold TCA in a glass rod homogeniser. The homogenised solution
was transferred to a centrifuge tube. The glass homogeniser was

washed with another 2 m1 of 67"TCA which was added to Lhe tube. The

mixture was then centrifuged at 3,000 rpn for 10 minutes. The

supernatant was kept and frozen at -20 "C for gingival vitamin C

assay unt.il the time of assay.

3.1.4 Vitamin C assay

The method of Roe and Kuether (1943) was used to measure

plasma, lymphocyte and gingival tissue ascorbate concentrations.
To develop the colour which was read at an absorbance of 520nm in
the spectrophotometer (SP8-100 spectrophotometer, Rye Unicam) i 224

dinitrophenylhydrazine (DNPH) was used as a working agent.
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A. Reagents

1. TCA

Trichloroacetic acid 60 gm were dissolved in distilled
v,¡ater and nade up to one liter (6ZTCA). The 4% solution r^'as derived
by taking 66.7 m1 of 6% TCA and making the volume up to 100 m1 with
distilled water. The TCA solutions were kept at 4"C.

2. 2:4 DNPH working agent

2:4 DPNH

Sulphuric acid (9N)

Thiourea

2g

100m1

4gt

Two gm of 2:4 DNPH were dissolved in 100 ml of 9N H2S04
(three parts of distilled water to one part of the concentrated

acid). Four gm of thiourea were added to the soluÈion with
occasional shaking until dissolved. The mixture was filtered and

kept at 4oC and prepared monthly.

3. Bromine solution

Bromine 5 ml was di-luted to approximately 25O ml with
distill-ed \dater. This solution was kept at room temperature.

4. Sulphuric acid 852

B. Standard curve preparation.

Ten mg of L-ascorbic acid was dissolved in 10 ml of 47" co1-d

TCA and 0.5 ml of the solut.ion was diluted Ëo 50 ml wj-tl¡, 47. cold TCA

to make a 10¡g/ml standard ascorbic acid solution. This solution
was oxidised by drop addition of bromine soluÈion until the solution
turned faint yel-low. Excess bromine was removed by bubbling
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nitrogen through the solution until it became clear. Different
concentrations of vitamin C in 4% cold'TCA were made up in 5 tubes.

.The firsL tube contained 2 ml of standard solution and was kept as a

blank. The remaining four tubes contained O.25,0.5, 1.0 and 1.5 ml

of standard soluËion respect.ively and were each diluted to 2m1 with

42 cold TCA. At that time, 0.5 ml of 224 DNPH solution was added to

all tubes except the blank. The tubes were incubated in the

waterbath for 3 hours at 37 o C and then 85% HZSO¿ (2.5 m1) was

s1-owly added to the standard solutions which were placed in an ice

bath to avoid excessive heat production; 2:4 DNPH solution (0.5

mI) !ùas added to the b1ank. The standard tubes were mixed

thoroughly and left for 30 minutes at room temperature before

reading the absorbance at 52O nm in the spectrophotometer.- A

standard curve liras obtained f or each assay plotting the

concentration of vitamín C against absorbance (Fig. 4).
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C. Vitamin C assay preparation.

The thawed samples were oxidised with bromine solution and

then gassed with nitrogen to remove the excess bromine until the

solution became clear in colour. 0.5 ml of sample was placed in
each of Èhree tubes and 0.125 ml of 224 DNPH was added to tv"o of the

tubes. The third tube was kept as a blank. The samples were then

incubated in a water-bath at 37oC for three hours. 0.625 ml of 857.

Sulphuric acid (H, SO4) was added to the sample tubes which were

placed in an ice bath to avoid excessive heat generation. 0.125 ml

of 224 DNPH solution was then added to the blank tube. The samples

were mixed thoroughly and left at room temperature for half an hour

before reading the absorbance in the spectrophotometer at 520 nm.

D. Calculation

Cofactor of standard curve = Difference between concentraLion
( cofac) Difference between the absorbance value

Lymphocyte ascorbate =cofac x absorbance value'"' x 4 x 100

(mg/l0Ogm lymphocyte pellet) weight of cell pe11et

Plasma ascorbate

(*e %)

Gingival ascorbate

(*e/tOO gm tissue)

= cofac x absorbance valueå$ x 4

10

= cofac x absorbance value.* x 4 x 100

weight of gingival tissue

* absorbance value = reâd absorbance - blank absorbance
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3.1.5 Histological preparation

A. Specimen processing

The block dissections of incisal areas were collected and

fixed in LO7" buffered formalin solution for one week. The

specimens were washed in running water for one hour before putting
in the formic forrnate decal-cifying solution (sodium formate 68 gm in
formic acid 340 ml to make 2 litres with distil-led water). The

solution was changed everyday until complete decalcification had

occurred as determined by radiograph. Decalcified specimens were

neutralized in the 5% sodium sulphate for approximately 12 hours and

then washed in running water for one hour before embedding. The

tissues were dehydrated in gradually increasing concentrations of
alcohol and were finally placed in a solution of 50% alcohol 50%

methyl salicylate for one hour each. The specimens were placed in
meLhyl salicylate plus 0.5% celloidin for three days, followed by

a period of four days in a similar solution with the concentration
of celloidin raised to 17". The specimens were then infiltrated
with paraffin wax and mounted with the labio-lingual plane

uppermost in the block.

B. Sectioning

Labio-lingual secLions of 6 pm r^rere cut using a rotary
microtome unÈil the middle of the firsÈ central incisor \¡Ias

reached, lhen the specimen was reblocked and cut in the mesio-distal
p1ane.

C. Staining

Sequential

eosin (H and E).
polychrome method

sections were stained with haematoxylin and

Other sections \¡rere stained with Herovici
(1963) that distinguishes between young and
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mature collagen fibres. Representative sections were selected for
photographic purposes.

D. Hist.opathological assessment

The tissue was assessed for inflammatory -cell infiltration
of the connective tissue adjacent to the junctional epithelium.
The degree of induced periodontal disease within the tissue was also
assessed. Inflamnation r{¡as scored as follows:

0:- Little or no inflammatory ceIl infj-ltration

1:- Slight inflammatory cell infiltration

2t- Moderate inflammatory ce1l infiltraÈion

3:- Heavy inflarnmatory ceIl infiltration

INFLAMMATORY SCORING

A.O

B=1

G=2

D.3
@ @

o
( ADAPTED FROM LISTGARIEN AND ELLEGAARD, 1973 )

Fig. 5 Inflammatory scoring
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3.2 Clinical experiment

Inlhenever possible gingival. tissue was collected f rom

patients during routine surgical periodontal procedures. The

tissue was washed with water and wrapped in gatze soaked in nornal
saline. The tissues were homogenised within half an hour of
collect.ion in readiness for ascorbate measurement. Blood samples
were collected from as many of the patients as possible for
ascorbate assay. The samples were prepared as described above and

stored at -20oC until the time of assay.

Dietary analysis and medications taken hrere recorded from
the patients for two week-days and dne weekend day. cigarette and

alcohol consumption v/ere estimated and the vitamin C intake was

estimated from the dietary records using the table of cornposition of
Australian food (Thomas and Corden, 1970) and compared with tissue
and plasma ascorbate levels.

3.3 Statistical analysis

A student t-test was used to assess the difference in the
plasma, lymphocyte and gingival ascorbate leve1s in the animal
experimental and control groups. The difference between non-
inflamed and induced-inflamed gingival ascorbate 1eve1s and the
degree of inflammation were tested by the same method. The simple
correlation and regression analyses between plasma, lymphocyte and

gingival ascorbate levels were also tested.

Significance of correlation and the slope of the fitted
Iine were tested for statistically significant departure from zero
by a two-tailed t test (Snedecor and Cochran, 1969) .
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Chapter 4

Results

4.I Animal experiment

4.1.1 Physical health

Body weight

All aninals were fed as described in Chapter 3, prior to the
experiment; measurement of body weight was carried out weekly.

hleights gradually increased during the pre-experimental period from

377.5 ! 37.2gm to 641.2 ! 42.2gm in the control group and from 396.6
+ 40.Ogn to 652.8 ! 62.Bgm in the experimental group. No

significant difference was found in the veights of the groups before
the experimental period began. After the ligatures were placed

both groups continued to gain weight for one week and had stable
weights for a further two weeks. At that point the experimental
group began to lose weight but the controls continued to gain

weight. After six weeks the weights were 738.4 t 55.Bgm and 646.6

t 130.6gm in the control and experimental groups respectively. The

control animals acheived satisfactory grohrth on the autoclaved
pellet and vitamin C supplernentation while three of the vitamin C

deficient animals were Èerminally ill at that point and 2ng of
ascorbic acid was given Èhree times a week to the surviving animals

of the experimental group. After 17 weeks the body weight of the

deficient group was significantly lower than the control group

(p<0.001). The results are shown (Fig. 6, Table 1).
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Five guinea pigs of the experiment.al group died during the

17 weeks, while three of the controls died as a result of cardiac
puncture. Three animals from the experimental group had paralysed

rear legs for the final- month of the experimental period. The

paralysis may have resulted from Ketalar injections damaging the

sciaÈic nerve or from the effect of severe vitamln C deficiency
(Veen-Baigent 1975). No similar changes were found in the control
group.

CONTROL

VITAMIN C DEFICIENCY

a
Eo

E(,
t¡¡
3

ooó

0r23456

Y¡Î.C IilTAKE
(3 1¡rES/WK)

2 lmo

7 8 I l0 ll l2 t3 A f5 t6 17

T|ME ( wks ¡

200

tmg

Fig. 6
hleekly mean body ueights of 8-i1 control and 7-11 vitamin C

deficient guínea pigs with standard deviation bars.
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Table 1

Mean body weights of guinea pigs (gm) during the vitamin C deficient
regime.

Week Control Vit C deficiency

n mean t S.D. n mean t S.D.

0

4

I
I2

t7

11

10

9

I
B

64r.2

693. I
780.8

844.4

916.0

42.2

52.3

60.6

71 .5

s9.5

652.8 !
686.7 !
685.6 r
751.0 r
668.4 r

+

t
+

+

+

11

11

9

7

7

62.8 n.s

96.I n .s

I24.4 n .

62.4

84. 3^ ^

n = number of animals

n.s. = no significant difference
+t significantly lower than control at p(0.05
*')r significantly lower than control at p(0.01
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Temperature measurement

The temperature (oC) measurement was made sublingually once

a week. There was no significant difference between the groups

before the experiment began, however the temperature of the vitamin

C deficient animals r,¡as slightly but significantly lower than that
of the control group. The data are summarised in Fig.7i and Table

2.

ts CONTROL

}-I VITAMIN C DEFICIENCY

m l0 mg 2O mg

tm 2m YIT.C IIITAKE
(3 T¡TES/WK)

o f 2 3 4 5 6 7I I
TIME ( wk¡ )

fl t2t3t415t617

Fig. 7L

ltleekl-y mean body temperature ('C) of 8-11 control and 7-11 vitamin C

deficient guinea pigs with standard deviation bars.

o
l¡¡
G
f

É,
¡r¡
È
l¡¡

:i
q

I
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Table 2

lvlean body temperatures ("C) of guinea pigs

Time Control Vit. C deficiency
n mean t S.D. n mean t S.D.

,ll
r[t

';

Pre-experimental

period

Experimental

period

t1 37.9 r 0. 1 11 38.0 r 0.2

B-1 la 37.9 r o. I 7-rra 37 .5 t o.3x-)f

n = number of animals

a = 3 control and 4 experimental animals died
during the observati-on period

tÊ-)e significantly lower than the control group, p(0.01

ï

Results 4I



',|
?'

4.I.2 Oral health

0ra1 hygiene !üas practised in the pre-experimental period
and at the onset of the study the gingival tissues were considered
to be healthy. One week after the placement of ligatures there were

signs of inflammation in both groups but it was more severe in the
ascorbate deficient animals. The obvious clinical difference
between the groups \¡¡as the susceptability of the experimental group

to gingival haemorrhage. A1so, the mobility of the teeth of the

ascorbate deficient group increased, but iÎ ligatures were lost
these changes were rapidly reversed. The 1Ígat.ures were checked

twice a week to ensure that the local gingival irritation was

consistently maintained. It was not possible to probe any pockets

in animals of either group.

:l
r¿l

{¡

l
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4. 1.3 Vitamin C assay

A. Plasma ascorbate

The plasma ascorbate was measured at weeks 4, 8, L2 and 17

(Tab1e 3) . No signif icant dif f erence \¡ras f ound aE week 4, but

significant reductions of ascorbate values were observed at the

longer time periods.

Table 3

Mean plasma ascorbate concentration (mg/fOO mf)

Tíme

(weeks)

Control Vit C deficiency
n mean t S.D. n mean t S.D.

4

8

I2

t7

3

3

5

7

3

4

5

B

0.15 r 0.04

0.22 t 0.03

0.29 r 0.04

0.30 I 0.09

0.10 t 0.01n.s.
0.14 t 0.01fr*

0. 14 t 0.02x"'Ë

0.15 t 0.03*.o

n = number of animals

n.s. = not significantly different from control
r+ls significantly lower than control at p(0.01

I
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B. Lymphocyte ascorbate

The lymphocyte ascorbate concentration is shown (taUte 4).
The number of lymphocytes varied inversely with the total
lymphocyte ascorbate content. The number of lymphocytes found in
the experimental animals was significantly higher (p(0.01), r¿hile

the ascorbate concentration was significant.ly lower (p(0.01) than

in the controls.

Table 4

Mean lymphocyte ascorbate concentration
and lymphocyte count at week 17

Control Vit C deficiency
n mean + S.D. n mean t S.D.

LAA

(^s%)

8 2.86 t 1.38 7 r. og t o. 5B*-o

LAA 7 r3.7r ! 4.16 6 2.g2 X r.47+''-x

( ugl1O8ce11s )

Lymphocyte count 7 6.99 ! 3.O2 6 10.g t4.43;f;+
( x1O3ce11"/r*3)

n= number of animals
** significantly different at p(0.01.
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C. Gingival ascorbate

The gingival ascorbate was measured in both non-inflamed
and chronically inflamed tissue and the results are shown (Table 5).
The gingival ascorbate in scorbutic animals was significanLly lower
than in controls in both inflamed (irritated by ligatures) and non-
inflamed tissue, however no significant difference was found in
either group between the inflamed and non-inflamed tissue. The

higher levels of ascorbate in the inflamed tissue probably reflecL
the presence of a large number of inflammatory cells that also carry
high 1eve1s of ascorbate.

Table 5

Mean gingival ascorbate concentration (mg/100gm of tissue)

Control Vit C deficíent
n mean t S.D. n mean t S.D.

Non-inf lamed 5 5.I2 t 0.79

Inflamed 5 4.86 r 0.94

5 1 .93 r 0. 37-)srç

5 2.27 ! 0.52à'')ç

n = number of animals
**t sig¡ificantly lower than control at p(0.01.
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D. Relationship of plasma, lymphocyte and gingival

ascorbaLe concentrations

The lymphocyte ascorbate was compared with plasma ascorbate

of 15 guinea piBS. Good correlations were found (r = 0.57) aL

p(0.05. Correlations between plasma ascorbate content and gingival
tissue in both inflamed and non-inflamed tissue \rere also found

(Table 6). Lymphocyte ascorbate content was also related to the

concentration of ascorbate in inflamed and non-inflamed tissue
(Table 7). The regression analyses between plasma, lymphocyte and

gingival ascorbate concentration are shor¡n (Fig. B , 9 )

Table 6

Correlation betr,reen lymphocyte, non-inflamed, inflamed gingivae and

plasma ascorbate content.

Plasma ascorbate content

n correlation(r) significance
Lymphocyte

ascorbate

Non-inflamed

gingivaL ascorbaÈe

Inflamed

gingival ascorbate

15

10

10

o.57

0.87

o.74

p(0.05

p(0.01

p(0.05

n = number of animals
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Table 7

Correlation between inflamed, non-inflamed

gingivae and lymphocyte ascorbate contents

Lymphocyte ascorbate content

n correlation(r) significance

Non-inflamed

gingival ascorbate

Inflamed

gingival ascorbate

10

10

0.64

o.62

p(0.05

p(0.05

n = number of animals
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Fig.8 The regression lines demonstrate the relationship between:

A. P1asma and lymphocyte ascorbate concentration.
B. Plasma and non-inflamed gingival ascorbate concentration.
C. Plasma and induced-inflamed gingival ascorbate concentration.

PAA = P1asma ascorbic acid concentration.
LAA = Lymphocyte ascorbic acid concentration.
GAA = Gingival ascorbic acid concentration.
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Fig.9 The regression lines demonstrate the relationship between:

A. Lymphocyte and non-inflamed gingival ascorbate concentration.
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concentration.
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4.I.4 Histological investigation

1. Degree of inflammation

The inflarffnaÈory scores hlere the mean values

taken from the labiolingual and mesiodistal sections '

are shown (Table 8).

Table 8

Mean inflammatory scores of non-inflamed and inflamed

gingival tissues

InflammatorY score

Vit. C deficiencY control

n x t S.D. n xtS.D.

of scores

The results

non-inflamed 10 1.45 + 0.80

inflamed 10 2.6 ! O.57

12 1.08 t 0.79

12 2.5 ! O.43

n= number of blocks

The degree of inflammation of the scorbutic animals in

both series vrere not significantly higher than conËrols'

The degree of inflammation was significantl-y higher in all

ligature irritated tissues than in non-irritated tissues (p(0'01)
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2. Histopathological studies

A. Gingivae

The appearance of normal gingivae (Fig. 10 A,B) showed

keratin covered masticatory epithelium, crevicul-ar and junctional
epithelia and underlying connective tissue lightly infiltrated with
inflammatory cells. The non-irritated regions of both control and

experÍmental groups appeared to be similar wíth light infiltration
of chronic inflammatory cells present(Fig. 1liA) except for the col
region of the interdental papillae where the infiltrati_on became

moderate. No significant difference between the groups could be

found.

hlhere ligatures had been placed heavy infirtration was

observed in the tissues of both the control and experimental groups
(Fig. 10c, ilB). However no significant difference v¡as found
between either group.

B. Gingival fibres

Controls

The gingival fibres of the normal tissue demonstrated the
usual arrangements of fibres between tooth, cementum and alveolar
bone (Fig. I2A) . The controls with 1j-gatures demonstrated the
presence of mild inflammatory changes within the connective tissue
adjacent to the crevi-ce (Fig. 128).
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Fig. 10

A. Labio-lingual section, lower
incisor, normal gingiva.
(H&E x l-00).

B . Junctional epithelium, normal
tissue with little inflammation.
JE = region of the epithelial

attachment.
(H&E x 250).

C. Control, 17 weeks ligature,
severe inflammation.
(H&E x 100).
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Fig. 11 Labio-lingual section, lower incisor,
vitamin C deficient gingiva.
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A. No ligature, slight inflammation. (H&E x 100).

B. 17 weeks ligature, heavy inflammatory cell
infiltration. (H&E x 100).
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Experimental group

The gingival fibres in the experimental group showed more

disintegration than in t.he controls (Fig. 12C, D) . The young

collagen fibres were readily demonstrated in most specimens and the

degree of fibre damage varied with the intensity of the
inflammation.

C. Periodontal fibres

Controls

The periodontal fibres adjacent to the tooth were dense and

ran parallel or oblique to the root surface. In the alveolar bone

region Ehe fibres r{ere l-ess dense and ran at 90o to the bone surface
(Fig. 134,8). In the control ani-mals where ligatures were placed,

the tissue appeared to be little changed from normal; sone widening

of the periodontal spaces due to lessened density of the fibres v¡as

possible. In some sections mj-nor destruction of the bundles was

nored (Fig. 13C).

Experimental group

Where no ligatures had been placed the results were

variable; some samples appeared to be near-normal while others
showed inflammatory changes with moderate destruction of the
periodontal bundles (Fig. 144) . Ligatures \{ere responsible for
greatly intensifying the damage, the periodontal fibres adjacent to
the bone r,¡ere destroyed and those in the tooËh region were vêry

severely reduced in density (Fig. 148). Young collagen fibres were

demonstrated using a polychrome stain (Herovici 1963) and areas of
haemorrhage vrere noted in some sections.
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Fig. lZ

A. Control, gingivai fibres, no ligature. (Polychrome stain x 100).

control, 17 weeks ligature, less dense and thinner fibres
than normal fibres. (Polychrome stain x I00) '

Fibres from vitamin c deficient animal, no ligatì-lre, some

destruction of fibres. (Polychrome stain x I00) '

Fibres from vitamin c deficient animal, 17 weeks ligature'
disintegration of collagen fibres. (Polychrome stain x 100) .

B

c

D
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B

Fig. I3

A. Mesio-distal section, normal
periodontal fibres from
control , no ligature.
(Polychrome stain x 100).

B. From the square in 4.,
Sharpeyts fibres attach to
alveolar bone.
(Polychrome stain x 500) .

C. Control, 17 weeks ligature,
slight destruction of fibres.
(Polychrome stain x 100).
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Fig. 14 Periodontal fibres of vitamin C deficient animal.

A. No ligature, destruction of Sharpeyrs fibres.
(Polychrome stain x 100).

B. t7 weeks ligature, severe disintegration of
most collagen fibres.
(Polychrome stain x I00) .
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D. Alveolar bone

Controls

The normal alveolar bone showed both resorption and

remodelling and there v/as no evidence of alveolar bone changes in
half of the control group even where ligatures had been placed (Fig.
I5A). Half of the specimens from the control group with ligature
irritation demonstrated slight alveolar crest resorption (Fig.
1sB).

Experimental group

Ligature-free specimens were similar to the controls but
trabeculation vras possibly a 1itt1e thinner and more obvious
resorption was seen (Fig. 164). rn regions adjacenL to ligatures
there were significant areas of resorption of the crestal bone (Fig.
168,c). The resorption of bone also appeared to be correlated with
the intensity of inflammation.
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Fig. 15 Alveolar bone of control animal .

A. No Jigaturè, normal bone remodelling.
(H&E x I00).

B. 17 weeks ligature, slight bone resorption.
(H&E x I00).

t
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Fig. 16

Alveolar bone of vitamin C
deficient animal.

A. No ligature, some bone
resorption.
(H&E x 100).

B 17 weeks ligature' severe
bone resorption.
(H&E x 100).

C. From the square in B. , the
multinucleate giant celI in
Howshiprs lacuna.
(H&E x 500).
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4.2 Hurnan investigation

Thirty-seven patients, 19 females and 1B males (average age
50) with periodontal disease provided 65 gingivar biopsies, 27

blood samples and 25 dietary intake records.

4.2.I Plasma ascorbate concentration

The amount of ascorbate intake was calculated from the
dietary records and was found to correlate with the plasma levels
which varied from 0.37 - 2.6ng7". The mean level was 1.36 t o.56ngZ",
(1.53 ! 0.47ng% female, 1.151 o.66ng7. nales), rwo females and five
males (25.97") had plasma ascorbate levels of less than lmgZ which
should be classified as subclinical ascorbate deficiency (Ginter
7979). The data are summarised in Table 9.

Table 9

Mean plasma ascorbate concentrations
,,'l

'!1

Plasma ascorbate concentration(ng%)
Female Male Total

No. of patients

Mean t S.D.

L2 27

1.53 t 0.47 1.15 r 0.66 1.36 r 0.56

15

No significant difference was found between any of the
groups.

þ
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4.2.2 Gingival ascorbate concentration

The gingival biopsies were obtained from patients under-

going routine periodontal surgical procedures. Gingival ascorbate

data are shown (Table 10).

Table 10

Mean gingival ascorbate concentraLion

65 biopsies from 37 patients

gingival ascorbate concentration (rngZ)

anterior posterior total

:l
It
I biopsy number 29

mean t S.D. 10.90 ! 4.27

36

9.85 r 3.16 IO.32 t 3.70

65

No significant difference h¡as found between the groups.

Ì
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4.2.3 Relationship between plasma and gingival ascorbate concen-

tration.

Twenty-seven pairs of plasma and mean gingival ascorbate

concentration ï¡ere corhpared. The correlation was not strong
(r=0.34) and t testing showed that there was a poor relationship.
Although no significant relationship could be found, the gingival
ascorbate concentration tended to increase when plasma ascorbate

content increased. Linear regression showed a poorly fitted line
when calculated from the least square (slope = 2.O7, intercept =

7.48) that may imply that gingival ascorbate concentration was not

dependent upon the plasma ascorbate Ievels. The data are

summarised (Table 11 and Fig. 17).



Table 11

Relationship between gingival and plasma ascorbate concentration

ascorbat.e content (^g%)

plasma (x) gingival tissue*(y)

No. of pat,ients

Mean

Sum of squares deviation
from mean

Sum of products

27

1.36

8.01

27

10. 30

297 .I5

16.6

correlation coefficiency (r) 0.34 n.s.

*mean value of gingival ascorbate content in each patient was used

to match plasma ascorbate content.

n.s. = relationship between plasma and gingival ascorbate was not

significant.

Results 64



2

18.O

16.0

t4.o a

a

12.O a

ro.o a
a

aa

8.o

6.O a

4.O a

2.O

o 2.o 3.o

PAA(mgz.)

Fig.I7 The relationship between plasma and gingivàl ascorbate
concentration in 27 þeriodontal patients.
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Chapter 5

DISCUSSION

As male guinea pigs are more stable than females in their
expressíon of vit,amin C deficÍency under the influence of scorbutic
diets (Odumosu and lrtilson, 1971), they were chosen as the model_ for
this study. In guinea pigs the vitamin C turnover is rapid, and the
animals display di-stinct signs of deficiency within 3 weeks, and die
with typical signs of scurvy within 4 weeks (Ginrer, I97g). The

guinea pigs in the present study survived for 120 days (17 weeks)
tr¡Íthout signs of scurvy except for some weight loss and slightly
lowered body temperaÈures. Therefore, they could be described as

exhibiting chronic vitamin C deficiency, which served our purposes

admirably for the long term study.

The plasma ascorbate concentration of the deprived animar-

was higher than that reporLed for guinea pigs by earlier r+orkers
(Zannoni et al, L974; Odrimosu, 1982). Neverthel,ess , it \,ras

significantly lower than in the controls. The normal plasma

ascorbate level of male guinea pigs is approximately 0.4 ng%, r+hich

was hígher than that of the control group. This probably reflects
the different dose of vitamin C intake and method of administration,
as the plasma ascorbate level reflects closely the ascorbate intake
(Veen-Baigent et al, I975). However, circulating 1evels following
oral administration of ascorbic acÍd could be influenced by other
dietary factors and/or mícrobiological activiËy in the intestine.

In healthy guinea pigs, lymphocytes are the predominant

white blood ce1l, the lymphocyte count ranging from 4.2 to 13.4 x
103/nn3 (Zeman and llilber, 1965). The lymphocyte counts in the

depleted and the control guinea pigs in this study were in the
normal range for the guinea piBs, which confirmed previous reports
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(Ginter, 1968; Fraser et a1, 1980). However, the lymphocyte count
in the deficient animals was higher than in the control group. This
rras probably due to the severity of the ligature-induced
periodont.al disease, which was more advanced in the deficient
animals than in the control group. Furthermore, the ligature-
induced periodontitis was reported to produce an increase of
peripheral lymphocyLesr âs well as an increased lymphocytic
infiltratÍon of the affected area (Kornman et a1, 1982). The

lymphocyte ascorbate concentration of the deficient animals was

depleted relative to the control animals. It varied in proportion
to the ascorbic acid intake and plasma ascorbate level. The

lymphocyte ascorbate varied inversely with the number of
lymphocytes, as has been observed by other auLhors (Schorah et a1,

l97B; Val-lance , 1979; Snook et al, 1983) , which suggests that
availabl-e ascorbic acid is shared by the number of cells, i.e. the

higher the lymphocyte count the lower the ascorbate content. In
chronic periodontal disease, the lymphocyt.es contained l-ower levels
of ascorbate than normally found, leading to compromised

physiological functions.

The average lymphocyte ascorbate value was lower than the
leukocyte ascorbate values reported in acute vitamin C deficiency
(Odumosu and hlilson, 197I; Odunosu, 1982). This was probably due

to prolonged depletíon of vitamin C, since leukocyte ascorbate
drops gradually duríng vitamin C deficiency (Lowry et al, 1946; Loe

and I,rlilson, I97I; Keith and Pelletier, 1974). However, at the same

level- of vitanin C intake the lymphocyte ascorbate content in the

present study was higher than the leukocyte ascorbate concentration
reported in guinea pigs by Keith and Pelletier (I974). This
evidence could imply that guinea pig lymphocytes carry higher

ascorbate than other white blood cel1s, which was sirnilar to recent
reports from hunan material (Evans et a1, 1982; Castelli et a1,

I9B2; Lee et al, 1982).
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The gingívaI ascorbate concentration in the depleted guinea
píg lras significantly lor+er than in the control animals. The
gingival ascorbate 1evel correlated with both plasma and. lymphocyte
ascorbate values, and in this respect was similar to that seen in
other organs (Keith and pelletier, rg74; Hornig , Lg75). The

concentration of gingival ascorbate in the inflamed tissues \4ras

higher, but not significantly so, than in non-inflamed tissue in the
deprived group, while there hras no difference beteewn these tissues
in Lhe conÈrol group. rt vras expected that the ascorbaLe
concentraÈion would be higher in the inflamed gingivae than in
normal gingivae because of the Íncreased inflammatory cerl
infiltration. However the need for vitamin c in healing
períodonÈal tissue could be incredsed and may explain why no
differences were measurable.

The gingival ascorbate concentration v'ras ten times that of
plasma ascorbate, suggesting a high demand by the tissue which may

nake it more vulnerable to a deficiency of the vitamin.
Periodontal t.issues are highly collagenous and have a rapid
turnover of collagen (page and Ammons, r974; Rippin, Lg76 and 1978).
since vitamin c plays an important role in hydroxylation of prou_ne
and lysine in collagen synthesis (Barnes, rg75), a deficiency might
be expected to lead to defects in collagen synthesis in the
periodontal tissues. rn additÍon, neutrophí1 function can be
affected by vitarnin C deficiency, leaving the first 1íne of the hosL
defence mechanism conpromised (Anderson, rggz). Neutrophil mig-
ration and lymphocyte transformatíon by mitogens r{rere irnpaired when
they were exposed to the myeloperoxidase/hydrogen peroxide/halide
sysÈem. This functíon can be improved by ascorbic acid as it
inhíbits the effect of the halide system and sti¡nulates the
activities of neutrophils and lymphocytes (Anderson , rggz).

In subclinicaL vitamin C deficient monkeys,

of the chemotaxis and phagocytic activity of pl'lN

an impairment
were observed
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(Alvares et al, 1981). In addition, the impairment of neutrophil
function has also been reported ín advanced periodontitis, Juvenil-e
periodontitis, and periodontal patients with diabetes and other
systemic diseases (Cianciola et al, 1977; Van Dyke et. al, 1980 and

I9B2l Bissada et al, 1982). Van Dyke et al (1982) al-so demonstrated

that the impairment of neutrophil function h¡as caused by bacterial
endotoxins, which \¡rere general-ly accepted to be an important
etiological factor in periodontal disease.

Vitamin C deficÍency, affects the blood vessel walls by

inpairing collagen and glycosarninoglycan metabolísm, resulting in
increased endothelial turnover and destruction of endothelial
ceIls, which with the concurrent hypercholesterolemia and hyper-
triglyceridemia leads to atherosclerosis (Ginter, 1978). The

deficiency of vitamin C also causes an increased tíssue and plasma

histamine leve1 leading to vessel damage (Chatterjee, 1978). In
addition, vitamin c deficiency results in delayed wound healing
(Kramer et a1, 1979; Ringsdorf and Cheraskin, 1982). A compromised

gingival anatomy and end-arterial circulation in the periodontium

by chronic vitamin C deficiency could predispose the host to chronic
infection.

The results of the histological investigation in the guinea

pigs L'ere consistent with the biochemical results. They showed

that in chronic vitamin C deficiency the periodontium r1'as

vuLnerable to chronic inflammation and progressive periodontal
disease, as has been observed also in rnonkeys with subclinical
vitamin C deficiency (Alvares et a1, 1981). In the deficient
guinea pigs with ligatures, severe changes occurred when compared

to the ones wj-thout ligatures. The inflammatory ce1l infiltration
in the ligature-induced inflamed gingivae was significantly higher
than in the non-inflamed tissues, but consistent with peripheral-
lynphocyte count in the deficient aninals (Fig. 11b). rt seems the
degree of inflamnation in the depleted animals with ligatures was
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Èhe highest for all- groups, although it was not significantly
different from contol ani.mals with ligatures (Fig. 10 c). The

inflammatory cell infl-iltration in the non-ligaÈured gingivae in
the deficient animals was also higher than in the conÈrol group

(Fig. 11a). The findings suggest that chronic vitamin C deficiency
is a predisposing factor for gingival j-nfection, and hence

inflammation in the ligature-induced gingivae of the deficient
group developed rapidly.

The destruction of collagen fibres was obvious (especially
of Sharpey's fibres) in the deficient aninals with ligatures (Fig.
I2d, 14b). Evidence of collagen disintegration in the non-

ligatured gingivae was less than in those with ligatures (Fig. 12c,

14a). The findings support the hypothesis that rhe severity of the
di-sease klas increased when local irritation rras superi-mposed in
vitamin C deficiency (Glickman, 1948b). In contrast, Sulkin and

Sulkin (1975) reported that there was proliferation of collagen
fibres in the prolonged marginal vitamin C deficient guinea pigs
within most of the organs, especially the internal layer of blood

vessels. In the present sLudy Èhe gingival tissue was subjected to
a severe 1ocal irritation as well as to a vitamin C deficiency and

that rnay account for the differences from those cited above. In the
control group with ligatures, only minor changes in collagen fibres
were seen.

Haemorrhage in the periodontium \^ras rarely seen in the
specimens from the deficient group, either with or wÍthout
ligatures. This confirmed that the deprived animals in this study
h¡ere not in a state of scurvyr âs described by other authors
(hlaerhaug, 1958; Dreizen et al, 1969).

Alveolar bone resorpËion was seen in the experinental
animals with ligatures (Fig. 16b), non-ligatured animals had minor

changes (Fig.16a). Alveolar bone resorption in the deficient
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animals without ligatures was similar to that of the conÈrol animals
with ligatures (Fig. 15b), which differs fron previous reports of
acute vitarnin C deficiency (Glickman, 1948a; \{aerhaug, 1958).

Dreizen et a1 (1969) reported the same result in scorbut.ic
marmosets. Minor alterations were seen in the alveolar bone and

gingival fibres, with the main destruction occurring in periodontal-
fibres. The progress of periodontal dísease was invariably relaËed

to the presence of 1ocal irritants. rt has also been reported that
the vitamin C deficient volunteers showed more rapid alveolar crest
resorption than the control group using radiographic asessment
(Thomas et al, 1962).

Hunt and Paynter (1959) claimed that guinea pigs fed 5 mg of
ascorbic acid daily showed no microscopic changes, while those
given 0.4 mg daily for 75 days of feeding had nild changes in the
pattern of al-veolar bone deposition and remodelling. The findings
of the present study are consistent with those of Hunt and Paynter.

The minor resorption of alveolar bone in the control group with
ligatures presumably resulted from ligature-induced periodontitis.

From these results in the animal experiment it is concluded

that the low gingÍval ascorbate concentrat.ion associated with
chronic vitamin C deficiency makes the periodontirun more vulnerable
to local irritants, leading to progressive inflammation and

advanced periodontal disease.

The results from human study were different from the anj-mal

experiment since it was noË possibl-e to control environmental
factors such as smoking, alcohol- consumpt.ion, and stress from

everyday life. The plasma ascorbate concentrations of the patients
varied widely from 0,37 to 2.6 ng7., whích was similar to previous

reports (Burrill, 1942; Glickman and Dines, 1963). Patient plasma

ascorbates reflected vitamin C intakes, as recorded by a dietary
recall survey, but there was no plateau effect above 100 mg per day'
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as has been suggested by Ginrer (1979).

A lower plasma ascorbate concentration was observed in
smokers, which confirrned the observations of others (Brook and

Glimshaw, 1968; Pelletier , 1975). The clinical manifesLaLion r,¡as

consisÈent with Lhe biochemical result and the tissue response

improved with 250 mg of ascorbic acid supplementatÍon daily, along

with conservative periodontal treatrnent. A lower plasma ascorbate

l-evel was also evident in rnales than females in this study, although

this difference was not, statístically significant, A lower plasma

ascorbate leve1 is al-so commonly found in the aged (Burr et â1,

1974; Vir and Love, 1979; Schorah et al, 1981), while periodontal
dísease is also commonly found in ädults over 35 years of age.

However, in the present sLudy the 757" of patients with plasma

concentratíons lower than 0.7 ng% were all smokers.

The gingival ascorbate concent,rations in the patíents
correlated poorly with the plasma ascorbate l-evels, which confirmed
previously publÍshed findings by Glickman and Dines (1963). They

found gingival ascorbate levels twice the plasma ascorbate 1evels
in gingivit.is patients. In the present study there vras a ten-fold
increase in gingival ascorbate over plasma concentration. This may

reflect a difference between the patients studied, or differences
in the methods used. Susceptibility of ascorbic acid to break down

and loss prior to and during assay is a significant problem with
some analytical procedures.

The gingival ascorbate concentrations in the patients in
this study showed considerable variation due to location and type of
bíopsies, i.e. gingivectomy, flap operatíon. However, the gingival
ascorbate concentrations from different locations !'¡ere not

significantl-y dífferent. Although the gingival ascorbate contenL

did not correlate well with the plasma ascorbate content, it tended

to be high when the plasma ascorbate levels were high, except for
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sone patients with deep periodontal pockets. These patients with
periodontal pocket depth < 9 mm had very 1ow gingival ascorbate
l-evels despite normal plasma ascorbate levels. rt seerns that the
gingival ascorbate content decreased with the progress of the

disease. This confirms the hypothesis that l-ocalized vitarnin C

deficiency develops in chronic inflammatory periodontal disease.

It is more difficul-t for smokers (Pelletier, I975; Kallner
et al, 1981), alcohol users (Bonjour, 1979; Fazio et al, 1981), oral
contraceptíve users (l,leÍninger and King, 1982), or people taking
drugs such as aspirÍn (Basu, 1982), and some antÍbiotics (Ringsdorf

et al, 1980) to obtain an adequate vitamin C intake. Furthermore,

the body ascorbate level could be affected by the microbiological
degradation of ascorbate and incornplete absorption by the
gastrointestinal tract of single large doses of vitamin C.

Therefore, a daily recommended alLowance of 30-40 mg of ascorbic
acid seems insuffÍcient under many circumsLances. As shown in
Table 12, it has been claimed that ascorbate tissue saturation
occurs with intakes of approxirnaLeLy 75 to 150 rng daily with plasma

levels of I.4 ng7" (Ginter, 1979), while similar inrakes in the
healthy elderly population maintained plasma ascorbate levels at
1.0 mg% (Garry et al-, 1982).

The reconmended dietary aLlowance of 45 mg of ascorbic acid
daily for healthy people does not account for losses of nutrients
during processing and preparations of foods, nor increased needs

associaled with modern life (Harper, 1975). Therefore, a person

who has a plasma ascorbaLe above 0.3 ng% but less than 1.O ng% could
be subject to subclinical vÍtamin C deficiency. Recently Aurer-

Kozelj et aI (1982), in support of this view, demonstrated the

Ínprovenent of the gingival connective tissue ultrastructure when a

70 mg supplement of ascorbic acíd was given to periodonLal patients
to maintain plasma ascorbate levels at approxÍmately L.3 ng7..
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The condition of subclinical vitamin C deficiency is
rel-evant not only to periodontal disease, but also to other
important degenerative diseases such as hypercholesterolemia
leading to'atherosclerosis, gall-stone formation (Ginter, rgTg),
susceptibility to infectious diseases due to impairment of
neutrophil function (Anderson, 1982), etc. Supplementation with
vitamin C in such groups has led to an improvement in some of these

conditions. Hence, the optinum requirement of ascorbic acid for
naintaining people in good health shoul-d be reviewed.
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TABLE 12

Pl-asma and dietary ascorbic acid correlations

Plasma

ascorbate

np7.

Ascorbic acid
intake

mq

Conditions/cornments Inves tigators

t.4

1.3

1.0

75 - 150

70

75 - 1s0

Maximum steady

plasma ascorbate level-
(tissue saturation)

Improvement of
ul-tra-structural
connective tissue

Healthy elderly
population

Ginter, L979

Aurer-Kozelj
et al, 1982

Garry et a1-,

1982

Subclinical
vitanin C deficiency

Hyperchole sterolemia,
Atherosclerosis ,

Gall stone formation

Hyperhistaminemia

Periodontal- disease

Ginter, 1979

ChaÈLerjee,

L978

Alvares et al
r981

0.6 4s For healthy people R.D.A. (USA)

without consideration Harper, 1975

of environmental fact,ors

0.3

0.2

30

<10-20

Prevention of scurvy

First signs of scurvy

I^IHO/FAO

Sauberlich,

t975
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Fron the data obtained in Table L2 and from data

obtained from the patients in this study, it could be

concluded that approxinatel-y 75 100 rng of ascorbic acid
intake daily (approx. 1.0 mg7" of plasma ascorbate concen-

tration) is needed for good health. That is approximately
double the current recommended dietary allowances. Snook et
aI (1983) supported this view by demonstrating the stability
of leukocyte ascorbate concentration in healthy male subjects

who r.,ere supplemented \,rith approximaËely 70 ng dai1y.

Recently, the RDA (1980) in America was revísed and the

recommended dietary allowance for vitamin C was increased to

60 ng for adults. In addition, Anderson (1975) recommended

daily int.akes of 100 or 200 mg of ascorbic acid except for
brief periods during acute infection when larger doses coul-d

be benefícial.

Safety considerations with higher ascorbic acíd

dosages have been discussed (Barness , 1975; Beisel, l98Z) -

Toxic effects associated with large Íntakes of vitamin C are

probably insignificant' although oxaluria has been posed as a

potential problem (Briggs, 1976). The possibility of oral
scurvy occurring due to sudden withdrawal of megadosíng can

be overcome by gradual withdrawal and maintainíng \^I-íth a

suppl-emenLal dose of 100 ng of ascorbic acid (SÍegel et al,
1982) .
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lJoolfe et al- (1980) concluded that vitamin C

supplenentation would be of benefít when combined r.¡ith local
periodontal therapy. Removal of local írritatíon Promotes

the reattachnent of epithel-ium and connective tissue with the

optimum gingival ascorbate for the repair and heal-ing process

via collagen synthesís, including proper neutrophil functÍon.
Therefore, it is a valuable adjunct to therapy to use

ascorbate suppl-ementation during the course of periodontal

treatment.

The data obtained from the guinea pig experiment

provided ínformation only partially relevant to man because

of the dj-fferences wiLh regard to ascorbate metabolisn.

AIso, the clinical study provided limÍted information because

of the shortage of patients and tirne. Further investÍgation

of this problem ín an animal model closer to the human, ê.9. â

monkey, seems justifiedr âs does further clinical study.

However, the present study does show that chronic vitamin C

deficíency has the potential to be associated with periodontal

dísease.
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Concl-usions

. the gingival ascorbate leve1 correlated wel-l- with the

plasma and l-ymphocyte ascorbate concentrations ín guinea pÍgs;

o the histopathological investigation of chronic vitamin C

deficient guinea pigs showed that the periodontium is vulnerable to

chronic inflammatíon and progressive ligature-induced periodont-

itis;

a in contrast, the human gingivaL ascorbate concentration

was índependent of the plasma ascorbate levels, suggesting vitamín

C deficiency develops locally in the affected area;

. gíngival ascorbate 1eve1s both in guinea pigs and in

humans v/ere found to be approximately ten-fold higher than the

p1-asma ascorbate levels, suggesting a high requirement for the

vitamin in the gingivae. An adequate vitamin C íntake might be

éxpected to provide a better gingival ascorbate conLent in chronic

periodontal- patients, provided that circulation is not totally
compromised;

. The value of vitamin C in the treatment of periodontal

disease relies mainl-y on improved host response mechanisms via

neutrophil function, promotion of repair and healing via collagen

synthesis, and inproved microvascular integrity.
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