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Summary. The present study reported histochemical 
changes in alveolar bone glycosaminoglycans (GAG) 
(using Safranin 0 )  and in interdental bone height in 
three groups of BB/W rats: diabetic, diabetes prone, and 
diabetes resistant. Safranin O staining intensity 
suggested that total GAG levels were highest in diabetic 
bone (p<0.05 compared to diabetes resistant, p<0.005 
compared to diabetes prone) but not significantly 
different between diabetes prone and resistant groups. 
Following chondroitinase AC and ABC digestion, 
staining reactions suggested that the highest levels of 
dermatan sulfate were in the diabetes resistant group 
(p<0.001 compared to diabetic, p<0.001 compared to 
diabetes prone) and the highest levels of chondroitin 
sulfates were in the diabetes prone group (p<0.001). 
Coincidently the mean height of diabetes prone 
interdental septum was significantly less than that of 
diabetes resistant or diabetic groups (p<0.05). The study 
suggested that 1) diabetes and «prediabetes» produce 
significant changes in levels of chondroitin 4, 6, and 
dermatan sulfates within alveolar bone, 2) in 
«prediabetic» animals, interdental bone loss occurs prior 
to the onset of clinical symptoms and in the absence of 
local irritating factors, the bone height appears to return 
to normal levels, and 3) there may be a correlation 
between alveolar bone height and relative levels of 
dermatan sulfate. 
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lntroduction 

There is general agreement that diabetes mellitus can 
result in 1) a generalized osteopenia (Levin et al., 1976; 
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DeLeeuw and Abs, 1977; Rosenbloom et al., 1977; 
McNair et al., 1978), 2) osteoporosis of bone forming the 
tooth socket (alveolar bone) (Glickman, 1946; 
Ramamurthy et al., 1973), 3) increased severity of the 
inflammatory reaction in periodontal disease (Murrah, 
1985) and 4) enhancement of alveolar bone resorption 
resulting in decreased tooth support (Glickman, 1946; 
Shklar et al., 1962; Cohen et al., 1961, 1963; Bissada et 
al.. 1966; Borghelli et al., 1967; Murrah, 1985). The 
effect of this disease is probably indirect, as spontaneous 
alveolar bone loss is not accelerated by diabetes 
(Johnson, 1985). 

There is no conclusive evidence concerning the 
etiology of bone alterations coincident to diabetes 
mellitus. Complications of diabetes are attributed to 1) a 
decreased rate of bone formation (Shires et al., 1981; 
Goodman and Hori, 1984), 2) a decreased rate of bone 
mineralization (Weiss and Reddi, 1980), 3) changes in 
the concentration and distribution of structural 
components of bone (Dixit and Stern, 1979; Aufdermaur 
et al., 1980; Rosholt and Hegarty, 1981; Weiss and 
Reddi, 1980; Johnson, 1985), and 4) a decreased rate of 
bone turnover (Shires et al., 1981; Hough et al., 1983; 
Goodman and Hori, 1984). There is evidence that bone 
GAG levels decrease coincident to drug-induced 
diabetes mellitus (Aufdermaur et al., 1980; Weiss et al., 
1981; Johnson, 1985), but it is not known whether this 
can be attributed directly to the disease or to the 
diabetogenic drug. 

There is disagreement concerning a clinical 
correlation between diabetes mellitus and increased 
severity of periodontal inflammation and alveolar bone 
loss. This debate has continued for many years and has 
been reviewed most recently by Murrah (1985). There is 
general agreement that local irritating factors are 
essential to the development of periodontal disease in 
diabetic animals (Bissada et al., 1966), however, there 
remains debate concerning whether the periodontal 
disease and alveolar bone loss often coincident to 
diabetes is established during a «prediabetic» period 
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(Borghelli et al., 1967; Johnson, 1985). In a study of 
pancreatectomized rats, Borghelli et al. (1967) report a 
thinning and reduction in height of the alveolar cortical 
plate prior to the onset of clinical symptoms of diabetes. 
However, they did not quantify the interdental bone loss. 

There are relatively few studies of the periodontium 
of animals genetically predisposed to diabetes mellitus, 
possibly because of the convenience of its induction by 
alloxan or streptozotocin. Shklar et al. (1962) and Cohen 
et al. (1961,1963) report the development of periodontitis 
and alveolar bone loss in the Chinese hamster, however, 
they do not study the «prediabetic» animals or quantify 
their results. Stahl (1968) and El Geneidy et al. (1974) 
report conflicting results of the effects of spontaneous 
diabetes on the periodontium in a strain of mice. Stahl 
(1968) reports no correlation between diabetes and 
periodontitis; El Geneidy et al. (1974) report a severe 
periodontitis, possibly a result of interdental impaction 
of materials. 

The BB Wistar rat exhibits spontaneous diabetes 
mellitus that has many similarities to human, Type 1 
(insulin-dependent) diabetes (Nakhooda et al., 1977; 
Seemayer et al., 1980; Marliss et al., 1982, 1983; Like et 
al., 1982a,b). The onset of clinical symptoms is sudden and 
is characterized by weight loss, hyperglycemia, glycosuria, 
polyuria, and insulinopenia (Nakhooda et al., 1977; 
Seemayer et al., 1980; Like et al., 1982a,b). Both sexes are 
affected with equal frequency . Genetic and immune factors 
are involved in the etiology (Like et al., 1982b, 1983, 
1984; Butler et al., 1983). Some rats are genetically 
resistant (diabetes resistant) to the development of 
diabetes, others are susceptible (diabetes prone) 
(Marliss et al., 1982, 1983). There have been many 
studies concerning pathological lesions in the BB/W rat 
(reviewed by Wright et al., 1983), however, little 
information is available concerning their periodontium. 
Such information could be of particular interest because 
1) periodontal diseases are thought to be more severe in 
diabetics and 2) the BB/W syndrome is a) not produced 
by invasive techniques or by diabetogenic drugs which 
might be cytotoxic, and b) similar to human, Type 1 
diabetes. Thus, the effects of diabetes on the 
periodontium can be studied without consideration of 
drug effects or surgical complications. 

The present study seeks to compare interdental bone 
height and bone GAG in three groups of BB/W rats: 1) 
diabetic, 2)diabetes resistant, and 3) diabetes prone. 
Analysis of the data should provide new information 
concerning changes in alveolar bone GAG and interdental 
bone height prior to and coincident to the onset of the 
clinical symptoms of diabetes mellitus. 

Materials and methods 

Twelve male BBIW rats, 15 weeks of age, were 
obtained from the NIH contract colony of BB-Wor. Of 
this group, 6 animals were diabetic, 3 were diabetes 
resistant, and 3 were diabetes prone, as determined by 
tests administered by the NIH colony prior to shipping. 
Diabetic animals had demonstrated clinical symptoms of 

diabetes for one month prior to shipping. Animals were 
weighed and blood and urine glucose tests made upon 
arrival. Mean weight and mean blood glucose data were 
compared by Duncan's New Multiple Range Test. Animals 
were then killed, mandibles removed by blunt dissection 
and fixed in 10% neutral buffered formalin-acetate 
containing 0.5% cetylpyridinium chloride to preserve 
GAG (Engfeldt and Hjertquist, 1968). Tissues were 
demineralized in 0.2M ethanolic trimethylammonium 
EDTA (Scott and Kyffin, 1978) to minimize extraction 
of GAG, dehydrated in ethanols, embedded in paraffin 
wax, and sectioned (6 pm) in a sagittal plane. Alternate 
sections were mounted on slides and stained with 
Safranin O (0.5% wlv), prepared in 0.1M sodium acetate 
buffer (pH 4.6) for 10 minutes to demonstrate GAG 
(Kiviranta et al., 1985). Quantitative measurements 
were made of 1) Safranin O staining reactions and 2) the 
height of the interdental bone. 

Alveolar bone height 

Sections demonstrating complete first molar dista1 
and second molar mesial roots and continuous corona1 
and radicular pulp'chambers were chosen for analysis, 
since these best demonstrated the height of the 
interdental septum. From these sections, drawings were 
made of the interdental septum and adjacent teeth using 
a camera lucida apparatus, the cemento-enamel junction 
(CEJ) and the crest of the interdental septum were 
marked and the distance from the CEJ to the alveolar 
crest was measured using a digitizing tablet and 
microcomputer. Two measurements were made in each 
field: 1) from the CEJ of the first molar to the alveolar 
crest and 2) from the CEJ of the second molar to the 
alveolar crest (Fig. 1). Measurements were averaged to 
obtain a mean distance from CEJ to alveolar crest for 
each field. Mean distances were calculated for each 
section, animal, and group and compared by analysis of 
variance and Duncan's New Multiple Range Test. 

Measurement of stain intensity 

Sections were photographed at 1 , 0 0 0 ~  in an Olympus 
photoscope for analysis of stain intensity. Three 
photographs were made of each section: in the crestal, 
middle and apical thirds. Al1 photographs were made on 
Panatomic X Film (ASA 32) under identical conditions 
(i.e., exposure time and light intensity) using a digital 
photometer attached to the microscope. Al1 three groups 
of rats were represented on each rol1 of film. Al1 film was 
developed for 6 minutes at 22OC in fresh Microdol X 
developer, washed, and fixed in fresh Kodak Rapid Fixer 
for 5 minutes. Density of negatives was measured in 12 
locations on each negative using a MacBeth TD 502 
densitometer with a 0.5 mm aperature. Mean density was 
calculated for each negative, for each septum, animal 
and group and were compared by analysis of variance 
and by Duncan's New Multiple Range Test. Because 
densitometer readings do not represent a normal 
distribution, mean readings were transformed to a 
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percentage of the diabetic group (diabetic = 100% (Table 1). Diabetic animals demonstrated glycosuria 
staining reaction), transformed to radians and compared (+4) as measured with clinistixB, the other group 
by analysis of variance and Duncan's New Multiple exhibited no glycosuria. Mean blood glucose of diabetic 
Range Test. animals was 353.0 I 33.9 mgldl; other groups had blood 

glucose levels within normal limits. 
Enzyme digestion 

One slide from each animal was chosen for enzyme Alveolar bone height 

digestion. Alternate sections were treated with 5p1 d;ops 
of enzyme solution or with buffer alone. Chondroitinase 
AC (from Arthrobacter aurescens) was prepared at a 
concentration of 2.0 pglml in 0.1 M tris-HC1 buffer at pH 
7.3 (Yamagata et al., 1968). Chondroitinase ABC (from 
Proteus vulgaris) was prepared at a concentration of 2 pgl 
m1 in 0.1M tris-HC1 buffer at pH 8.0 (Yamagata et al., 
1968). Chondroitinase AC removes predominately 
chondroitin 4 and 6 sulfates; chondroitinase ABC 
additionally removes dermatan sulfate (Yamagata et al., 
1968; Yamada, 1974). Sections were incubated 4 hours at 
37OC in 100% relative humidity. Following digestion, 
sections were rinsed with distilled water and stained with 
0.05% Safranin O for 10 minutes as previously described. 
Stain intensities were calculated using the aforementioned 
techniques. 

In al1 animals the epithelial attachment was at or 
superior to the CEJ (Fig. 1). There was no evidence of 
bedding impaction or periodontal pocket formation. 
There appeared to be a normal number of neutrophils 
within the gingiva and the transseptal ligament also 
appeared to be of normal morphology (Fig. 1). Mean 
distances from the CEJ to the alveolar crest of diabetic 
(421.1 I 8.7 pm) and nondiabetic (diabetes prone + 
diabetes resistant) (457.0 f 16.8 pm) were not 
significantly different (Table 2). Within each group, 
there were no significant differences in this distance 
between sections or between animals. The mean distance 
from the CEJ to alveolar crest of diabetes prone animals 
was 11% greater than diabetic or diabetes resistant 
animals (p<0.05) (Table 3). There were no significant 
differences in this distance between diabetic and diabetes 

Results resistant groups. 

Rats were separated into three groups upon arrival: Alveolarbone GAG 
diabetic, diabetes resistant, and diabetes prone. Mean 
weight of diabetic animals (252.7 +- 3.4g) was Safranin O staining reaction of alveolar bone was 
significantly less than either diabetes resistant (309.0 rt most intense in the cresta1 third of the interdental septum 
1.0g) or diabetes prone (319.7 f 8.4g) groups (p<0.001) of the diabetic group (Figs. 2-4). Staining intensity of 

Table 1. Mean weight of BBNV rats at death. Significance levels determined by Duncan's New Multiple Range Test. 

GROUP 

Diabetic 
Diabetes resistant 
Diabetes prone 

N (ANIMALS) 

significantly less than diabetes prone, p < 0.001. 
3 

** significantly less than diabetes resistant, p < 0.005. 

MEAN WElGHT (G+SE) 

Table 2. Comparison of the mean distance from the cemento-enamel junction of the first and second molar teeth to the alveolar crest 
of diabetic (diabetes prone + diabetes resistant) and non-diabetic BBNV rats. Significance was determined by Duncan's New Multiple 
Range Test. Numbers in parentheses indicate number of measurements made per group. 

GROUP 

Nondiabetic (1 82) 
Diabetic (1 69) 

N (ANIMALS) 

6 
6 

MEAN DISTANCE SE (pm) 

not significantly different from non-diabetic 

Table 3. Comparison of the mean distance from the cemento-enamel junction of the first and second molar teeth to the alveolarcrest of 
diabetes resistant, diabetes prone and diabetic BBNV rats. Significance was determined by Duncan's New Multiple Range Test. 

GROUP 

Diabetes resistant 
Diabetes prone 
Diabetic 

N (ANIMALS) MEAN DISTANCE f SE (pm) 

6 
* significantly less than diabetes prone, p < 0.05 
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Table4. Relative differences in Safranin O staining intensity between diabetic, diabetes prone, and diabetes resistant BBNV ratsfollowing 
digestion with chondroitinase AC (Diabetic = 100% staining reaction). Significance was determined by Duncan's New Multiple Range 
Test. Numbers in parentheses indicate percent staining intensity compared to that of "No Enzyme". 

% DlABETlC 
GROUP NO ENZYME 

CHONDROITINASE AC 
Diabetes Resistant 98*(100) 
Diabetes Prone 
Diabetic 

Significantly different from diabetic, p < 0.05. 
** Significantly different from diabetic, p < 0.001. 

"* Significantly different from diabetic, p < 0.005. 
"** Significantly different from diabetes resistant, p < 0.001. 

Table 5. Significance levels of comparative Safranin O staining reactions in diabetic (D), diabetes prone (P) and diabetes resistant (R) 
tissues following digestion with chondroitinase AC. Staining intensities afier digestion with chondroitinase ABC were not significantly 
greater than unstained. Significance is determined by Duncan's New Multiple Range Test. 

TREATMENT GROUP COMPARISON POWER (p) 

Noenzyme (C) 

U = unstained 
C = Control, no enzyme treatment 

RC > RAC 
RC > RABC 
PC > PAC 
PC > PABC 
DC > RC 
DC > PC 
DC > DAC 
DC > DABC 
RA > RU 
RAC > RABC 
RAC > PAC 
RAC > DAC 
PAC > PU 
PAC > PABC 
DAC > PAC 
DAC > DABC 
DAC > DU 

AC = chondroitinase AC 
ABC = chondroitinase ABC 

bone was much less intense than of dentin. Within each 
group, there were no significant differences in bone 
staining intensity between sections or between animals, 
suggesting that sections were of nearly equal thickness. 
Compared to  diabetic animals, staining intensity 
was significantly less in both the diabetes prone (12% 
less than diabetic, p<0.005) and the diabetes resistant 
groups (2% less than diabetic, p<0.05) (Tables 
4 3 .  

Chondroitinase AC digestion significantly reduced 
staining intensity 36% in diabetes resistant, 90% in 

diabetes prone and 67% in diabetic animals (p<0.001 as 
compared to non-enzymatic treated controls). The least 
intense staining reaction was in the diabetes prone tissues 
[significantly less (20%) than diabetic, p<0.001; 
significantly less (23%) than diabetes resistant, p<0.001] 
(Tables 4,5; Figs. 5,7). Diabetes resistant tissues 
demonstrated a significantly greater staining reaction 
than diabetic tissues (3% greater than diabetic, p<0.05) 
(Figs. 6,7; Tables 4 3 .  Following chondroitinase ABC 
digestion, staining intensity was not significantly greater 
than unstained tissues in any group. 



Fig. 1. BBNV rat, diabetes resistant. The distance from the 
cemento-enamel junction (CEJ) to the crest of the interdental 
septum (CB) was measured as illustrated (arrows). The interdental 
septa (B) and surrounding periodontium is also illustrated. The 
epithelial attachment is at the CEJ in al1 groups. Gingiva (G) and 
transseptal fibers (TS) are of usual morphology. Bar = 100 
pm. x 130 

. , 
#* * " \ ' *\ ' 

Figs. 2-4. Relative Safranin O staining reactions of alveolar bone 
of diabetes prone (Fig. 2), diabetes resistant (Fig. 3) and diabetic 
(Fig. 4) BBNV rats. Diabetes prone tissues exhibit the least 
intense staining reaction. D, dentin: 8, alveolar bone; PL, 
periodontal ligament. x 180 
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Figs. 5-7. Relative Safranin O staining reactions of alveolar bone 
of BBM, rats following digestion by chondroitinase AC. Diabetes 
prone tissues (Fig. 5) are less intensely stained compared to 
diabetic (Fig. 7); diabetes resistant tissues (Fig. 6) are more 
intensely stained than diabetic. D, dentin; B, alveolar bone; PL, 
periodontal ligament. x 180 

Discussion 

Alveolar bone height 

There is little information concerning the periodontium 
of the BBIW rat, even though this animal has diabetes 
similar to human, Type 1, and, thus could be an excellent 
model for the study of the effects of diabetes on the 
periodontium. The BBIW rat demonstrates no significant 
differences in alveolar bone height between diabetic and 
non-diabetic animals (diabetes resistant + diabetes prone). 
Also, because of rigorous criteria for selection of sections 
for measurement, there were no significant statistical 
differences between measurements or between animals 
of a group. Neither group; in the absence of local 
irritating factors, has periodontal inflammation, pocket 
formation, or apical migration of the epithelial attachment. 
These observations confirm some studies utilizing drug- 
induced and spontaneous models of diabetes mellitus 
(Bissada et al., 1966, alloxan-rat; Stahl, 1968, mouse 
mutation) and do not agree with others which report 
severe periodontal disease and alveolar bone loss in 
diabetic animals, probably as a result of local irritating 
factors (calculus and impacted materials) (Glickman, 
1946, alloxan-rat; Cohen et al., 1961, 1963, Chinese 
hamster; Shklar et al., 1962, Chinese hamster; El Geneidy 
et al., 1974, mutation mouse; Reuterving et al., 1986, 
alloxan-rat). Thus, the dissimilarity of the periodontium 
in these studies probably results from local irritating 
factors to the gingiva. Johnson (1985), in a study of the 
effects of diabetes mellitus on the STRIN mouse, a model 
of spontaneous alveolar bone loss, determines that 
alveolar bone loss is reduced in diabetic STRJN animals 
suggesting that diabetes may slow the osseous destruction 
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of a pre-existing periodontal disease. The mechanism of 
this process is unknown. 

The present study reports significantly lower alveolar 
bone height in diabetes prone rats compared to diabetes 
resistant or diabetics (p<0.05). As diabetes prone 
animals have no clinical signs of diabetes, but are likely to 
develop the disease, they may be considered «prediabetic». 
Borghelli et  al., (1967) report that cortical plate bone loss 
occurs during the «prediabetic», and continues into the 
diabetic state, however, they do not describe interdental 
bone, which, because of its location in the dental arch, 
functions differently from the cortical plate. Our study 
extends that of Borghelli et al., (1967) because we 
measured the height of the interdental septum and 
determined that bone loss also occurred there in 
«prediabetes». Bone height of diabetic animals was not 
statistically different from that of diabetes resistant, 
suggesting restoration of bone height following the 
«prediabetic» period, as these animals must have passed 
through this stage prior to overt symptoms of diabetes, a 
situation opposite to that suggested by Borghelli et al., 
(1967) and possibly reflects regional differences in bone 
morphology and function. The present study also reports 
histochemical evidence suggesting lower levels of 
dermatan sulfate in alveolar bone of diabetes prone 
compared to diabetic or diabetes resistant animals 
(p<0.001), suggesting biochemical alterations in 
alveolar bone coincident to bone loss during the 
«prediabetic» state. Further biochemical study is 
indicated to clarify these changes. 

Thus, it appears from the present data that the 
periodontium of the BB/W rat, in the absence of local 
irritating factors, is morphologically similar to those 
animals in which diabetes has been experimentally 
induced. However, it exhibits a pattern of alveolar bone 
loss during «prediabetes» and diabetes not consistent to 
that reported in other experimental models. Because of 
the nature of the diabetic syndrome in BBIW animals and 
its close similarity to human disease, this animal may be 
the model of choice for the future study of periodontal 
changes during insulin dependent diabetes mellitus. 

Alveolar bone GAG 

The present study reports evidence suggesting 
differences in both types and levels of alveolar bone GAG 
in various groups of BBIW rats. These changes could be 
quantitative or qualitative. It is known that GAG 
undergo more or less glycosylation in a milieu with a high 
glucose content which may change their electrochemical 
properties (Rosenberg et al., 1979). Also, changes in 
chain-length or degree of sulfation may affect Safranin O 
binding and subsequent staining reactions. GAG levels 
can be quantified using Safranin O dye (Kiviranta et al., 
1985), a cationic dye composed of a mixture of dimethyl 
phenosafranin and trimethyl phenosafranin (Lillie, 
1977). For quantification of GAG, the dye must bind 
specifically to the substrate in a stoichiometric fashion; 
that is, one molecule of the dye is bound to each of the 
negatively charged groups of the GAG. At  pH4.6, the 

pH of the staining solution used herein, virtually al1 sulfated 
and carboxyl groups of GAG are ionized and can bind the 
dye (Kiviranta et al., 1985). Binding results from 
electrostatic forces between GAG and dye, which is shown 
to occur in various media; in particular, within sections of 
fixed tissues (Kiviranta et al., 1985). Rosenberg (1971) and 
Kiviranta et al., (1985) report that the interaction of 
Safranin O with GAG is stoichiometric. Thus, we feel that 
our staining regimen accurately demonstrates al1 types of 
GAG present within the tissues. Also, because we used 
alternate sections for analysis, thicknesses were more 
uniform and variations in staining intensities between 
sections and between animals of a group were not 
statistically significant. 

There is evidence that bone proteoglycans contain 
mostly chondroitin-4-sulfate with lesser amounts of 
chondroitin-6-sulfate and iduronic acid-containing 
polymers (Prince et al., 1983). Recent studies report the 
isolation of two types of bone proteoglycans containing 
either: 1) one chondroitin sulfate chain attached to a glu- 
gln-rich core protein, or 2) two chondroitin sulfate chains 
attached toa leu-rich core (Fisher and Termine, 1985). Both 
types are components of the mineralizing front. With time, 
the proteoglycan core proteins are degraded, with the single 
chain form being degraded more slowly than the two chain 
form. The chondroitin sulfate then persists within the 
mineral compartment (Fisher and Termine, 1985). 

The function of the mineral compartment proteoglycans 
is currently unknown, although it is postulated that they 
bind calcium ions and, thus, regulate mineralization. There 
is little information concerning the effects of «prediabetes» 
and diabetes mellitus on bone GAG, although there is some 
indication that levels of bone GAG decrease during 
experimental diabetes (Weiss and Reddi, 1980; Silberberg 
et al., 1981; Johnson, 1985) due to severa1 factors: 1) 
increased levels of degradative lysosomal enzymes in bone 
cells (Silberberg et al., 1981), 2) decreased sulfate 
incorporation into proteoglycans (Weiss and Reddi, 1980), 
or 3) decreased total numbers of proteoglycans and 
decreased GAG per proteoglycan chain (Weiss and Reddi, 
1980). The present study was not consistent with earlier 
reports, as it documented significantly higher levels of bone 
GAG in diabetics compared to diabetes prone (p<0.005) or 
diabetes resistant animals (p<0.05). These changes in GAG 
levels probably result from the disease and cannot be a 
result of the effects of diabetogenic drugs. It is also possible 
that GAG metabolism is different in drug-induced and 
spontaneous diabetes. The present data reported no 
significant differences between GAG levels in diabetes 
prone and resistant animals, suggesting that there was not a 
significant change in bone GAG levels in animals 
genetically prone to development of this disease. 

Little inforrnation is available concerning alveolar bone 
GAG distribution of spontaneously diabetic animals. 
Studies of the Chinese hamster by Shklar et al., (1962) and 
by Cohen et al., (1961, 1963) indicate that these anirnals 
develop a severe periodontitis with associated alveolar bone 
loss. In contrast, Stahl (1968) notes no evidence of 
periodontitis or associated alveolar bone loss in an inbred 
strain of mice suffering from mutation diabetes. None of 



BB/W alveolar bone 

these studies report histochemical changes in the 
alveolar bone of the animal strains. The present study 
suggests that bone GAG levels are highest in diabetes 
animals and lowest in diabetic prone animals (p<0.005). 
These levels likely reflect differences in GAG synthesis, 
GAG degradation, or bone mineralization. Baylink et 
al. (1972) report a loss of GAG in mineralizing bone. 
Osteoid mineralization is reported to occur at a 
decreased rate in diabetic animals (Goodman and Hori, 
1984), which could explain the higher levels of GAG 
within the alveolar bone of diabetic animals. In the rat, 
molar teeth undergo continuous, but slow, eruption due 
to enamel-free areas on the occlusal surfaces, resulting in 
rapid wearing of the crown (Cohn, 1957). As a result, 
bone is deposited at the alveolar crest to maintain the 
periodontal attachment. Thus, it is possible that the 
higher levels of GAG within the alveolar crest of diabetic 
animals represent a retarded mineralization of the matrix 
of this region. Conversely, low levels of GAG, as 
reported herein in diabetes prone animals, could 
represent relatively hypermineralized bone. 

Chondroitinase AC removes chondroitin-4 and-6 
sulfates and chondroitinase ABC additionally removes 
dermatan sulfate from tissue sections (Yamagata et al., 
1968; Yamada, 1974). Dermatan sulfate is not a 
significant intrinsic component of bone matrix, but is 
found within Sharpey's fiber bundles of alveolar bone 
(Johnson, R.B . , unpublished observations) . From the 
present data, it is likely that diabetes prone tissues 
contain proportionally more chondroitin sulfates and 
less dermatan sulfate than either diabetes resistant or 
diabetic bone. Diabetes resistant tissues appear to 
contain proportionally more dermatan sulfate and less 
chondroitin sulfates than either diabetes prone or 
diabetic bone. Whether these relative differences in 
GAG levels affect susceptibility of bone to resorption is 
unknown. Biochemical analyses of these tissues is 
necessary to substantiate these preliminary 
observations. 
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