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DENTAL GlANCES INDUCED IN RATS BY PROLONGED EXPOSURE

TO ADVERSE ENVIRONMENTS

istopathologic and chemical studies wue made on th of ~ ur ~~ a of rats fol-
Lowirij  chronic expoanre to varying enviroomants of low (~~ C.), neutral (24~

’C.), and ha’t
(35w i..) temperatures; or to reduced barometric pressure (380 mm. Hg) at these temper
attires. Histologic changes were not seen in the ground control or cold groups. Altitude
was associated with a disruption of the odontoblasuc layer and with a loss of polarity.
This effect was accaituated by superimposed cold. Heat counteracted some of these
altitude effect s, but caused ameloblastic changes. Chemically, the concentrations of
calcium, phosphate, and magnesium were reduced sagnificantly in the altitude- and
heat-exposed groups.

Some individual s exposed ~~\.low ~~r~metric Similarly, the urinary Ca/P04 ratio was elevated
pressures undergo certain dentalS~cbsi~ges. In a significantl y in men during acclimatization to
study of 75 human teeth , most of which were heat (8).
extracted soon after descent fro m altitude and This report presents the results of experi-
after the onset of pain fu l aerodontal gia, Orban ments in which the histology and chemical corn-
and Ritchey (1) found pathologic alterations in position of the incisors of variousl y acclimated
pulpal histology that varied from noninflamma- rat s were compared. Significant differences were
tory edema to vacuolization of areas in the horn s observed in both respects. In addition , the
of the pulp. After exposure of dogs to simulated mandibl e, the parotid and submaxillary glands,
altitude , there were definite changes in pulpal and the tongue were examined microscopically
morphology, includin g hyperemia and hemor for evidence of pathology.
rhage (2). Exposure to altitud e apparentl y did
not change the rate of deposition of the organic EXPERIMENTAL
matri x of the dentin in the rat incisor, but cal- Male Sprague-Dawley rats (initial weights,
cification of the dentin was disturbed , as shown 400 to 450 gm.) were caged individuall y and
by differences in the light and dark incremental maintained on Red Chain Dog Checkers or Purina
lines (3). Dog Chow, respectively, in two experiments.

The gross external appearance of teeth from Uniform daily lighting and animal care schedules
rats exposed for 3 to 6 months to diffe rent envi were used. The first experiment involved six
ronments (neutral , cold, heat , altitude, or corn- environmental ~ oups of rats exposed for 18
binations of these) varied striking ly with the weeks to ground-level barometric pressure (750
environment; for example, heat-acclimated rats mm. Hg) at low (30 C.), neutral (24° C.), or high
usually had heavy reddish-brown deposits over (36° C.) temperatures , or to the same tempera-
much of each tooth , while altitude rats did not. tures at reduced pressure (380 mm. Hg). The
This occurred even though food intake (an d histologic condition of the teeth was evaluated,
consequently, masticatory activity) was approx- but their chemical composition was not deter-
imately the same in the two groups. mined. In the second experiment , there were

Chemical alterations of the teeth should coin- four en vironmental groups exposed for 24 weeks

cide with such apparent gross and histopatho- respectively to low (30 C.), neutral (24°C.), and

logic changes, especially in view of the high (350 C.) temperatures, or to reduced barn-

significant and prolonged changes in electrolyte metri c pressure (380 mm. Hg, 26° C.). Both

excretion rates observed following prolonged histologic and chemical studies of the teeth

exposure of rats to adverse environments (4. 7). were made. In addition , physiologic, biochem-
ical, anatomic and histologic effects were

R.cslved for peblicatios os 22 J aly 195i. examined (6, 7, 9).
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The rats — both fasted (24 hours) and non- glass-distilled water until the washings werefasted — were weighed and decapitated. The at pH 7. Ten ml. of each sample was run throughintact mandible, a number of molars, and sec- the column for separation of the iron. This was
lions of the parotid and submaxillary glands, followed by 10 ml . of N/ b HCI to eluce mostand tongue were taken for histologic examina- of die phosph ate The iron was eluted wi thtion. Since this short fast (24 hours) had no 50 ml. of 4M IICI with a rate of flow of approxi-significant influence on the results, the data macely 10 to 12 ml./hr.
were combined. Owing to the very large ratio of calcium toin the fi rst experiment the mandibles were magnesium , accurate determination of the latterfixed in 10 percent formalin , and were decal- was difficult. Usual titration and preci pitationci fied with formic acid. They were embedded methods were grossl y inaccurate. Ten ml. all-in celloidin and stained with hematoxy lin and quots from each sample were concentrated t wo-eosin. Specimen s from the neutral , cold, altitude , fold by evaporation , and th~ magnesium in 60 ~~altitude plus cold, and altitude plus heat were of this concentrated samp’e was separated fromexamined (the samples from the heat group the calcium by a modified paper chromatographic
alone were inadvertentl y lost), method ( 16). The modifi cation was necessitatedin the second experiment the mandibles were by the fact that the larg e proportions of calcium
divided at the midline . The incisor from the decreased the distance of separation to a veryleft side was dissected, while the ri ght half of thin line. Accordingly, the papers were sprayedthe mandible was left intact . Both were sealed directly with 8-h ydroxyquinoline solution (0. 5separately in tubes containing 10 ml. of IM percent in 60 percent methanol) and the magne-tetrasodium EDT/I, pH 7.0 (10, 11). A year was sium spot was located under ultraviolet li ghtallowed to effect complete decalcification. when the moist stri p was exposed to ammonia

Comparative descriptions were based on the fumes. The fluorescent spot s from two strips
appearance of the epithelial loop area, amelo- (total of 120 gd.) were removed , and the magne-
blastic layer, dentin , odontoblascic layer, pul p, sium was elated from the paper by five 2-mi.
periodontal membrane, and osseous supporting washings of 2N HC1O,. Ten ml. of concentrated
tissue. The condyles and the various other nitri c acid was added to destroy the 8-h ydroxy-
tissues were examined for evidence either of quinoline , and the sample was evaporated to
histopathology or of environmentall y specific dryness in a sand bath. The solubl e residue
compensatory alterations, was brought up to 10 ml. and the magnesium

The EDTA decalcified incisors of experiment determined colorirnecrically with titan yel-
2 were used for the chemical determination s, low (17). The protein content of the matri x was
The EDT/I solution was decanted and the ma- estimated by a modification of the Folin-
tri x was washed repeatedly with acidified dis- Ciocailteau method (18).
tilled water. The EDTA solution and the The data were analyzed by anal ysi s of vat-
washings were combined and digested with hot lance rechnics, and suitable c-tests were run
concentrated HNO, - HCIO4 acid mixture (3:2) where indicated by significant F ratios (19).
to destroy the EDT/I and any organic material
present. The samples were evaporated almost RESULTS AI4D DISCUSSION
to dryness and then brought to 50 ml. volume
with distilled water. Calcium was determined ~~~1b,I1mmfh

by EDTA titration (12, 13) and phosphate (as P) The environmentall y induced systemic changes
by colorimetry (14). The iron was determined observed in the different physiologic variables
as the bathophenanthraline complex (15) with differed in magnitude, direction , time of onset,
iron-free reagents, but , since high concentra- and duration (4-7, 9). In some cases (6) altitude
tions of both calcium and phosphate interfere exerted an effect that was additive to the ther-
with the determination , it was necessary to mal effects (e.g., nonfascing weight changes,
remove them. Dower 50 (200-400 mesh) resin phosphate and magnesium excretion, urine vol-
in 1 x 10 cm. columns was used for this purpose. ume), while in other s there was little apparent
The resin was washed with 6N HCI until the altitude effect per Se (e.g., calcium and taurine
washings were iron-free. This was followed by excretion). The ocher variables had complex
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r respon ses; that is , the altitude effects varied changes so close to the critical regions exert a
with temper ature. The Ca/M g and the Ca/P04 disproportionate influence. Histologic changes,
ratios followed similar thermal patterns at in general , were similar to the respective coun-
ground level and altitude , except that they were terparts in experiment 1. The thermal effects
on a lower plan e at altitude. This resulted from on electro lyte excretions (7) were similar to
the fact that the calcium excretion was not those of the first experiment (6), except that
influenced by altitude while both magne sium the Ca/P04 ratio was elevated in the cold, and
and phosphate wer e elevated, the altitude effects on phosphate and magne-

The teeth of the control and cold rats were slum excretion were reversed. The ratios (Ca/M g
normal in all respects (fi g. 1). Regardless of and Ca/P04) were similar in the two experi-
tem perature , altitude exposure induced histo- ments. The rats in this experiment appeared to
pathologic changes, including h yperemia of the be in better general physical condition than
pul pal tissues with a mark ed dilation of the those of the former.
vascular supply. The odontoblastic layer cx The food intake of cold-acclimated rats is
hibited severe alterations in the distal third about twice that of the other groups, and ac-
of the incisor. There was a tendency toward a cording ly they excrete more of each of the d cc-
loss of polarity, and also, in many areas , a tend- tro lytes. The urinary ratios (Ca/M g and Ca/P04)
ency of the cells to assume a more cuboidal were elevated in this group (i.e., calcium excre-
morphology. Increased vascular ity of this layer tion failed to increase as much as the other
in the distal third of the tooth was readil y two). This is indicative of a possible dispro-
apparent. Rather severe invag ination of dentin portion during nonfasting periods, but which ,
appeared to accompany these changes. even assuming it existed for a con siderable

Cold superimposed on altitude appeared to period , caused no change in the chemical corn-
accentuate the odoncoblascic disorganization position of the teeth (cable 1). There was a
and loss of polarity, and to increase the vascu- slight but consistent increase in all three ions
larity and vacuolization. These alteration s (Ca, Mg, and P04) in the teeth of the cold
extended closer to the base of the tooth than group — which might indicate that relative to the
they did in the altitude rats at neutral temper- organic matrix, the mineral con ten t of the bone
acures. Heat , however, apparently counteracted and/or den tin increased. In addition to the dc-
some of the altitude effects. Hyperemia was vated metabolic rate , a secondary effect of the
reduced and the odontoblastic layer was better cold was a mechanical one , possibly influen cing
organized , although the vascularity remained teeth and salivary glands. This was due to the
high. The ameloblastic layer, however , was greatly increased gnawing and chewing that
severely disrupted. Many disorganized and dis- accompanied the marked increase in food intake.
continuous areas were evident in which the
columnar morphology disappeared. Prior to Food intake was depressed in the heat (two-
decalcification , these teeth appeared to have third s that of the control), and according ly
areas of hypoplasia when examined under a phosphate excretion was depressed, but magne-
dissecting microscope. sium was unchanged and calcium was elevated.

As a result the ratios (Ca/ Mg and Ca/PO,)The periodontal membrane, bone morphology, were elevated in the heat. Again this is indica-and cellular components of the teeth as well as d y e  of an imbalance which , if prolonged, might
the various glands and the tongue of all envi- lead to changes in the composition of teeth .
ronmental groups appeared to be normal except Actuall y, the concentrations of all three ions
possibly for a slightl y increased dilation of (especiall y of magnesium) in the teeth were
existing vessels in some groups. reduced. Thermal differences did not influence
Exp.,I.ont 2 significantl y the molar Ca/P04 ratio, since the

The conditions between the two experiments changes in each electrolyte were proportional.
were different in that the rats of the second Thus, there was more (cold) or less (heat) in-
experimen t were . erpoaed for an additional organic constituents per unit weight of tooth ,
month (24 weeks) at slightl y different tempera- but its composition was constant. The main
cures in the heat (35° C.) and altitude (26° C.). thermal difference was in the greatly depressed
Thoug h these differences seemingly were slight , magnesium content in the heat-exposed rats.
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This is interesting when it is correlated with c. ncrntr ations in the cold were hi gher and in
the fact chat ameloblastic degeneration occurs the heat lower), but the low altitude values
in the presence of a magnesium deficiency (201. were raised materiall y (about 5 percent). The

The altitude rats, however , had depressed depressed altitude values were still signifi-
concentration s of all constituents measured . cantl y below the control , however , regardless
This was partl y due to the depressed food in- of the form of expression.
take , but the ratio of Ca/ P04 was depressed The copper concentration proved to be below
significantl y. Thus the inorganic phase of the the detection limits of our method , even when
bone or dentin itself may have been altered material fro m 5 teeth were combined. X-ray
(i.e. , the reduction in calcium exceeded that of diffraction pattern s of the teeth failed to reveal
phosphate). The excretion rates also were significant differences in basic molecular or
lepressed , but even so, apparentl y insufficien t crystalline structure. Onl y h ydroxyapatite was
:alcium and magnesium were retained to main- discernible. One representative pattern is shown
tam tooth metabolism at the proper level , in fi gure 2.

The protein and iron concentration s had Few studies have been reported where effo rt s
almost identical pattern s (linear increase with were made to relate chemical and histolog ic
temperature , and decrease at altitude) but none changes above the cellular level. Climatic in-
of the differences were significant. It was fluences are notoriousl y difficult  to evaluate ,
believed that some of the reddish-brown depos- since so many extraneous uncontrollable factors
its on the teeth of heat-acclimated rats mi ght are present (e.g., vary ing food intake , exercise,
have resulted from excess iron deposits. The and humidity). Even in controlled environments
concentration was hi ghest in this group. This such as were used in these experi ments, con-
deposit did not occur solely as a result of the founding factors are involved. For exam ple,
reduced masticatory activity (reduced food in. the heat-exposed rats ace less, and , therefore ,
take), since the altitude rat s had no deposits. chewed less, so that chemical and histologic

Wnen the data were expressed relative to the changes could be due to any one of several
protein concentration , the thermal differences factors. Among these are the smaller food intake,
noted above were magnified slightl y (i.e., the per se, the decreased mechanical attrition , or

the altered chemical erosion caused by a change
INTIRPLANAR 2.7151 1 r~1Ir$ in the composition or pH of the saliva or by a

SPACING 2.734G~ change in the microbial flora. Furthermore,
variou s nutritional deficiencies, induced by
the redu~~d food intake or by the environment
per se, coultl have contri buted to the differences.

Ear too little is known at present about amino
a~j d n,etabolj sm to permit speculation about the

~. ~~~~ possi bl e relation of changes in the excretion
patterns of one or the other of these to histo-

1’  logic changes of teeth. The general picture in
the altüude rats (where the histopathology was
greatest ) however , was that of nitrogen dep le..
tion (4 , 21) as evidenced by the slightl y reduced
matri x polypeptide level. Changes such as this
understandably could lead to the tissue damage

ANGLE 35’ 24’ seen.
FIGURE 2 Changes in the over-all electrolyte metabolism

X.rtry diffract ion specInon o
~ 

rat incisors (bydroxy. were related to structural alterations in the
ap as it.) . Angle from 24 to 35.  lnte?~la.im? dist.ic.s teeth. The exterior evidence of decalcification

~~~~~~~~~~~~~~ 
“~~~~P~~0~~~47~ 

in the heat rats was verified by the reduced con-
lacks distinctive feat ures. Fluoroapat lt. is ,~ , centration of calcium, but since the phosphate
discerrible. concentration was not reduced proportionatel y,
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the Ca/PO4 ratio decreased. It is unlikel y th at  changes in the cold , but at altitude there were
• calcium was replaced to any extent by magne- pathognomonic histopathologic changes that

P saum , since the Ca/M g ratio was elevated , and were specific for the mesench ymal elements of
the MgIPO4 ratio was reduced markedl y. the teeth. These were made more severe by

The heat-exposed rats al so had reduced con- superimposed cold , but superimposed heat
• cencration s of all three ions, but in contrast to counteracted some of the effects. In this group

the altitude rats, and in line with their increased (heat-altitude), however , there were marked
calcium ret ention (7), the calcium content was ectoderm al changes.
influenced the least. According ly, the Ca/M g Longer term exposure (24 weeks at 3°, 24°,
and Ca/PO, ratios were elevated , althoug h the and 35°C. and 380 mm. Hg at 26° C.) apparentl y

• • latter was just below the significance level resulted in either more complete acclimatization ,
• (P > .05). The decreased concentration of mag- or in the death of more of the poorly acclima-

nesium was striking, but the cause of these tized rats. The histopatholog ic changes had
changes is unknown. Magnesium is required to many of the same characteristics as were noted
prevent hyperthermia in the heat (22), and its in the previous experiment , but they were much
reduced excretion in this group (4-8) is sugges- less severe.
tive of retention. Perhaps, with the depresse’d Chemical studies on these teeth revealed sig-
food intake and the increased metabolic need , nifi cantl y reduced concentrations of calcium ,

~~ 
Si

~ 1 the magnesium was utilized at the partial cx- phosphate, and magnesium in the altitude- and
pense of the teeth, heat-exposed rats. The cold-acclimated rate, as

was the case histologicall y also, did not diffe r
I ~ SUMMAR Y from the controls. Protein and iron content did

Marked changes occur in calcium , phosphate , not differ significantl y among the groups. There
and magnesium excretions during chronic expo- were significant changes in the ratios of cal-
sure of rats to adverse envi ronments. Accord- cium , magnesium , and phosphate. Possibl y the
ingly, the histology and the chemical composition basi c inorganic composition of the teeth of alti-
of teeth were examined from rats acclimated to tu de-acclimated rats was changed since the
cold, heat , altitude , or to combinations of these. Ca/PO,, ratio was low. X-ray diffraction failed

• Chronic exposure to the conditions (3°, 24°, and to confirm this , however.
36° C. at barometric pressures of either 750 or Possible relation s between these changes
380 mm. Hg) for 18 week s resulted in neg li gible and the excretion patterns were di scussed.
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