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Abstract. Localization and distribution of non-specific esterases has been studied in intact
human dentine, by reflected light microscopy. The method of specimen preparation described
here permits the visualization of optical sections in depth within the specimen at high
optical resolution. Non-specific esterase was found deposited as discrete bands across the
tubules. or as droplets, or as a diffuse microsomal variety in the dentinal tubules and in
the interglobular spaces. It was possible to distinguish the droplet variety from the microsomal
variety, of esterase within the same tubule, by means of a novel optical method using
antiflex and differential interference contrast systems of reflected light microscopy. It was
found that the coefficient of reflection of dentine diminished gradually from the enamel
to the pre-dentine and was inversely related to the scattering of light in dentine. This
scattering plays an important role in the formation of the image with reflected light
microscopy. The reflected light microscope offers an economically attractive alternative or
a supplementary mode of microscopy to the confocal scanning microscopes for studying
intact dentine at varying depths.
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1. Introduction
Histochemical studies of human dentine are usually carried out on undecalcified
ground sections or on decalcified cut sections using a transmitted light microscope.
Lengthy preparative procedures for these methods results in some artifacts due to
an unavoidable loss of cell contents including enzymes and their activity. During
a study of the cholinesterases present in freshly isolated dental pulps, it was
observed that certain non-specific esterases (NSE) were demonstrated in the control
preparations incubated with specific inhibitors of cholinesterases. Their consistent
and precise localizations in certain regions of the pulp, prompted the author to
evolve a reflected light microscopic method for observing the NSE in intact human
dentine, without undue loss of their activity. Further, the method could also be
used for observing morphological features in dentine.
The reflected light microscope has been used earlier by Wada (1970) for observing
the interior of the arthropod eye. Kroese and van Netten (1987) have applied
incident polarized light microscopy for visualizing in vivo, the sensory epithelium
in the macula of the fish lateral line. For an examination of cut tooth surfaces,
Watson (1991) found that conventional reflected light microscopy gave little
information about layers other than the surface of the cut sample. However, the
present report describes mainly a method for visualizing histochemical reaction end
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products with high optical resolution, at varying depths in intact human dentine
obtained from split teeth. The detailed histochemical results of the present study
will be presented in a separate report.
2. Materials and methods
2.1 Specimen preparation
Sound third molars and premolars, extracted for orthodontic and other reasons,
were split longitudinally in two planes at right angles to each other with a heavy
duty wire cutting plier (Moun Industries, England) within 2 min of tooth extraction.
The fractured crown pieces were immediately immersed in a formalinsucrose-ammonia fixative (pH 6) held at 4°C (Pearse 1980), for 24 h. Only those
pieces having one or two flat dentine surfaces were retained and the rest were
discarded. After fixation the pieces were briefly washed for 5 min in distilled water.
Two methods were used for demonstrating the esterases. The first was a standard
indigogenic method of Holt (1958) in which the specimens were incubated at pH
8·8 and 37°C for 12 h, and the second was an acetylthiocholine standard technique
for cholinesterase after Gerebetzoff (1959) where the incubation times were from
2–4 h at pH 5·8 at 37°C. For both these methods, an autocontrol incubated in
distilled water was processed simultaneously. Another control, pre-incubated for 30
min with silver nitrate at a concentration of 10mmol/1 at room temperature, was
processed separately in the incubating medium, for irreversibly inhibiting all esterases
(Pearse 1972). Eserine salicylate (Serva, Heidelberg, Germany) was incorporated in
both the methods at a final concentration of 10 µmol/1 so as to inhibit all
cholinesterases activity and leave the NSE virtually untouched. Specimens shown
in figures 2, 3, 4, 6 and 7, were incubated with the acetylthiocholine (Serva,
Heidelberg, Germany) method and the specimen shown in figure 5 was incubated
with the indigogenic (Serva, Heidelberg, Germany) method. The teeth fragments
were dehydrated through a graded series of alcohols and cleared very superficially
in benzene. Each tooth piece was briefly agitated in benzene for about 5–10 s and
then transferred to immersion oil which is used for immersion of microscope
objectives. After three changes of 2 h each in immersion oil, they were stored in
fresh immersion oil until required for examination. Usually the examination was
carried out immediately after the preparation of the specimen.
2.2 Mounting the specimen
The processed tooth fragment with its flat dentine surface facing up, was thoroughly
wiped clean of excess oil from its under surface with a lens cleaning tissue and
then stuck on top of a wax mound in a plastic dish which was stuck to a standard
microscope slide. A drop of fresh immersion oil was added on the dentine surface
just before commencing the microscopic examination.
2.3 The microscope
A Zeiss WL Pol research microscope (Carl Zeiss, Oberkochen, Germany) stand
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equipped with a Carl Zeiss IIB Pol epi-illuminator for incident reflected light
examination fitted with a Hpl–pol beam splitter and an auxiliary lens slide was
used. The original 6 V–15w lamp house of the epi-illuminator, with its mirror
housing was removed and replaced with a Carl Zeiss 12V–100w halogen lamp
house. This was mounted on a separate stand, close to the aperture control iris
diaphragm of the epi-illuminator and aligned with the straight horizontal optical
axis of the epi-illuminator, to obtain Koehler illumination. For obtaining lateral
incident illumination, a Schott 15V–150w halogen light source (Scholl KL1500,
Germany) fitted with triple fiber optic flexible light guides and focussing lenses
with filters was used. The beam was focussed directly on the lateral surface of
the specimen by one or more light guides as shown in figure 1. Three special

Figure 1. Mounting of the specimen and the position of the light guides for true lateral
illumination. The light guide with the focussing lens projects a sharply focussed beam on
the lateral surface of the specimen. The other light guide gives diffuse illumination and
it may be used for softening the contrast within the specimen.

Carl Zeiss microscope objectives were chosen for observation and photomicrography.
An antiflex Neofluar 63/1·25 oil, an Epiplan Pol 100/1·25 oil with a differential
interference contrast (DIC) plate and a water immersion Achromat 40/0·75 with an
immersion cap.
2.4 Measurement of coefficient of reflection in dentine
A quantitative measurement was performed to determine the relative coefficient of
reflection in dentine from the dentino-enamel junction (DEJ) to the predentine. The
microscope light source was stabilized and the light reflected from dentine was
measured by a Melico-PM2 photomultiplier (Medical and Electrical Instrumentation,
London, UK), through the phototube 10 × eyepiece. The detector area was limited
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to approximately 2 mm on the photomultiplier tube. The measurements were made
from the enamel adjacent to the DEJ as the starting point and then across the DEJ
in a straight line up to the predentine-pulp border. The readings were recorded on
a scale of arbitrary units ranging from 0–40 on a differential voltmeter. Zero
represented maximum brightness. As the enamel was chosen as the starting point,
the meter was adjusted to the null position on this base line, before commencing
each series of measurements from the enamel and terminating at the predentine.
Five such series of measurements were made starting from different positions
selected on the base line. During each series, eighteen measurements at varying
intervals were recorded·
3. Results
3.1 Observations with the antiflex system
It was observed that the NSE were sharply localized as a brown-black or indigo
coloured precipitate within the dentinal tubules from predentine up to the DEJ.
Figure 2 shows the dentinal tubule branches terminating at the DEJ. The NSE is
localized in the form of discrete sharp bands, spanning the full width of the tubules
at irregular intervals and along the length of the tubule walls. In some areas it
also appears as a densely packed precipitate extending for some distance along the
length of the tubule. Sometimes at the DEJ. a tubule end showed a bulb shaped
expansion of its terminal portion, packed with NSE. Figure 3A shows the dentinal

Figure 2. Optical section at a depth of 8 µm with the antiflex Neofluar 63/1·25 objective.
Specimen incubated with the eholinesterase method. The terminal ends of the dentinal
tubules are shown at the DEJ. The NSE is localized in the form of sharp discrete bands
across the width of the tubules and lengthwise along the tubule walls, leaving a central
clear space. The end of the tubule shows a round enlargement packed with NSE, at the
DEJ. (× 1600) (Bar 6·25 µm).
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Figure 3. Optical section at a depth of 10 µm with the antiflex Neofluar 63/1·25 objective
specimen incubated with the cholinesterase method. (A) Dentinal tubules passing through
an interglobular space in dentine Some areas within the space show a fine diffuse
microsomal variety of NSE. The tubules also show the bands and densely packed areas
of NSE. In (B) the antiflex system was adjusted for visualizing the droplet variety of NSE
within the tubules. A comparison of (A) and (B) shows that the droplet variety is mostly
missing in areas showing the diffuse microsomal variety of NSE. (× 1800) (Bar 5·55 µm).
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tubules at a depth of about 10 µm, passing through interglobular dentine. This area
shows a fine diffuse variety of NSE, varying in intensity from fairly heavy in
some areas to light in other areas. Apart from the usual broad and narrow bands
within the tubules, there is also a diffuse and a droplet variety of NSE within the
tubules. It was possible to distinguish the droplet from the diffuse variety by
slightly rotating the objective barrel, until the droplets stood out as sharp specular
reflections against a darkened background, as shown in figure 3B. The diffuse
variety within the tubules and in the interglobular space showed no change in its
appearance, when the objective barrel was adjusted for enhancing the specular
reflections. Figure 4A, shows a dentinal tubule containing NSE crossing across the
DEJ and terminating in an enamel spindle. Figure 4B shows the effect of inserting
the accessory lens slide in the epi-illuminator. It gave a concentric, centre weighted
beam of light for displaying the morphology of the enamel spindle. The figure
shows that the spindle consists of an expanded diamond shaped base formed by
the tubule which supports two or three flat fin like structures terminating in a fine
filamentous structure within the enamel. Notice the sharp almost right angular bend
of the tubule as it crosses the DEJ into the enamel. This was a fairly frequent
finding when tubules crossed the DEJ and terminated in the enamel.

Figure 4. Optical section just below the surface of the specimen. Antiflex Neofluar 63/1·25
with centre weighted illumination. Specimen incubated with the cholinesterase method. A
dentinal tubule containing NSE is seen crossing over the DEJ and terminating in an enamel
spindle (A). There is a sharp bend of the tubule as it crosses the DEJ. (B) Morphology
of the same spindle, photographed at a slightly different focus setting. It consists of a
diamond shaped base formed by the expanded tubule. which supports two or three fin like
structures, terminating in a filamentous form within the enamel. [A, × 1200 (Bar 8·33µm)]
[B, × 1650 (Bar 6·06 µm)].
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Figure 5 shows a specimen incubated with the indigogenic method and illuminated
with a red filter from the lateral aspect with a single fiber optic light guide of
the Schott I5V–150w light source. It was possible to study the distribution of
NSE up to a depth of 10 µm (figure 5A) and 23 µm (figure 5B), as measured
from the surface of the specimen.

Figure 5. Antiflex Neofluar 63/1· 25 objective and lateral illumination with a red filter.
Specimen incubated with the indigogenic method. Both the droplet and the intermittent
band variety of NSE are seen in the tubules at a depth of 10 µm in (A) and 23µm in
(B) within the specimen. (× 1450) (Bar 6·90 µm).

3.2 Observations with the DIC system
The appearance of the specimen when observed through the neutral grey band of
the DIC plate was identical with the one observed by antiflex contrast. Figure 6
shows the dentinal tubules at a depth of about 9 µm from the surface, terminating
at the DEJ. The NSE bands appear very discrete and sharp like two “O” rings
one on top of each other, spanning the full width of the tubule. In some places
within the tubules, a central clear space was observed within a broad diffuse patchy
esterase area. The droplet variety of NSE could also be distinguished from the
diffuse variety by bringing the yellow band of the DIC plate in the centre of the
back focal plane of the objective and the accessory lens slide in the beam path.
Figure 7B shows an enlarged version of the droplet pattern shown in figure 7A,
using this method.
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Figure 6. Optical section at depth of 9 µm with the Epiplan 100/1·25 DIC (neutral
grey band). Specimen incubated with the cholinesterase method. Dentinal tubules terminating
at the DEJ show bands and discrete “O” ring type of localization. The diffuse microsomal
variety of NSE can also be seen in some areas within the tubules, (× 2300) (Bar 4·35 µm).

3.3 The coefficient of reflection in dentine
It was observed that the coefficient of reflection in dentine gradually diminished
as the specimen was scanned from the DEJ where it was highest, to the predentine
area where it was lowest. Table 1 shows one set of measurements of reflection
from the enamel to the predentine, from a series of five sets. The values of the
measurement are relative to one another, and show a gradual diminution in the
coefficient of reflection of dentine from the DEJ to the predentine.
4. Discussion
Even though acetylthiocholine is a specific substrate for the demonstration of
acetylcholinesterase it can also be used as a substrate for demonstrating NSE
(Burstone 1964), but it is not normally employed as a Standard procedure in
histochemistry for this purpose. Therefore, a control procedure using an indoxyl
substrate (Holt 1958) was also used simultaneously for comparison, with the
thiocholine method. Observations and implications of these histochemical studies
will be presented in a separate report.
By adopting microscope objective immersion oil as the embedding medium, it
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Figure 7. Optical Sections at a depth 8 µm with the Epiplan 100/1·25 D1C (yellow
band) and centre weighed illumination show a tubule packed with NSE. isolated by the
field diaphragm, in the middle dentine. A discrete droplet pattern of NSE can be seen in
the tubule, in (A) (× 1250) (Bar 8·00 µm). The same area is seen at a higher magnification
in (B) (× 3350) (Bar 2·99 µm) where the individual droplets are discretely outlined.

was possible not only to eliminate the chances of introducing additional artifacts
by shortening the processing cycle, but it also provided the much needed translucency
in the superficial layers of the dentine and enabled the microscopic examination
to be carried out at the highest possible resolution. Prolonged storage of specimens
in oil, tends to increase their translucency and decrease the contrast, there fore
examination was carried out as soon as possible after the processing was completed.
The antiflex Neofluar 63/1·25 objective possesses many desirable features for its
use in polarized reflected light microscopy of dentine. When its objective barrel
together with the quartz plate is rotated between crossed polars, it either eliminates
the specular reflections from the specimen or enhances them, depending on its
orientation in relation to the analyser. As it has a comparatively long working
distance for an oil immersion objective of NA/1·25. it lends itself admirably for
the present study where the fractured dentine surfaces even though somewhat flat,
are still very irregular. The generous working distance also permits an indepth
examination of the specimen. It has excellent image forming properties in both
transmitted and incident light microscopy modes. Apart from its built in mechanism
to suppress unwanted reflections, it can also be adjusted for visualizing specular
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Table 1.

Reflection measurements
from dentine.

The enamel is the base line for maximum
reflectance, indicated on the photomultiplier meter by the null position.
*Maximum and **minimum reflection.

reflections, without bright halos. The DIC Epiplan Pol 100/1·25 objective has a
marginally better image quality because it shows more detail due to its higher
magnification, but suffers from the disadvantages of a comparatively shorter working
distance. Both the antiflex and the DIC systems offer a novel solution for
distinguishing the droplet variety of NSE from the diffuse microsomal variety, with
incident light microscopy when both are simultaneously present side by side. The
achromat 40/0·75 water immersion objective was used for monitoring the specimens
after the incubation. It gave a general view of the intensity and the distribution
pattern of the NSE, which enabled the author to establish the optimum limits for
the processing parameters like fixation, washing, incubation timings, pH values and
other variables.
As the depth was measured with the fine focussing control of the microscope,
it was only a close approximation to the stated figures. It was not a true depth
as an appropriate correction factor was not incorporated in the measurement (Harris
1985).
4.1 Image formation and its resolution
In the ordinary incident light microscope, the examination of a specimen is usually
limited to its surface and the image is formed by the light reflected from the
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polished surface of a metallurgical or a similar specimen. However, for biological
tissues like calcified dentine, it is necessary to examine the specimen in depth for
a better understanding of the histochemical reaction products and their distribution
pattern in the tissue. This goal can be realized if a calcified specimen like dentine
is rendered translucent. But in practice, with a completely translucent specimen the
incident light reflected for instance, from the surface of dental structures like
the tubules is not adequate for the formation of a good image. Here, most of the
incident light is lost and not reflected back to the objective. However, if the
translucency of the specimen could be limited only to its superficial layers, then
a considerable portion of the incident light would be reflected by the deeper
non-translucent dentine, back through the superficial translucent layer of dentine to
the objective. In other words, the structures lying within the translucent layers of
dentine would now be visualized as if they were being examined by transmitted
light microscopy. This was successfully achieved by the method of specimen
preparation already described. The uncleared deeper layer of dentine reflects the
incident light and acts as a secondary source of diffuse illumination within the
specimen. Therefore, the relative coefficient of reflection of dentine, plays a major
rote in the formation of the image with the present method. The mechanism of image
formation was a little different when the antiflex or the DIC system was adjusted for
viewing specular reflections. Here, the bright specular reflections were produced by
surface reflection from the droplet variety of esterase within the tubules, whereas the
background was produced by the rays reflected from the deeper non-translucent dentine.
It has been established by ten Bosch and Zijp (1987), that scattering of light
within dentine is closely related to the tubule density and is not related to the
mineral content of the tissue. Therefore, the scattering was low near the DEJ due
to low tubule density (Mjör 1979) and small tubule size (Garberoglio and Brännström
1976) as compared to the predentine where there is maximum scattering due to
high tubule density and large tubule size (Garberoglio and Brännström 1976). The
distance between the centre of adjacent tubules can be as great as 15 µm near the
DEJ and as little as 6 µm near the pulp (Bradford 1958). The tubule diameter is
2 3 µm at the pulp and 0·5–0·9 µm at the DEJ (Garberoglio and Brännström 1976;
Tronstad 1973). Thus the quantum of light available for reflection is high when the
scattering is low and low, when the scattering is high. Table 1, shows one such set
of measurements of reflection from the enamel to the predentine. from a series of
five sets. The values of the measurements are relative to each other and not absolute.
There was a gradual diminution in the coefficient of reflection of dentine from the
DEJ to the predentine. DEJ shows a slightly lesser reflectivity than the adjacent mantle
dentine, possibly because of higher scattering of light due to the presence of enamel
spindles and tufts at the DEJ. As one approaches the middle dentine and then the
predentine, the relative density of tubule space for a given area increases, due to closer
packing of tubules as compared to the intertubular dentine. Thus the measurements
confirm that the coefficient of reflection of dentine gradually decreases as one approaches
the predentine and is inversely related to the scattering of light in dentine.
4.2 Comparison with other reflected modes of microscopy
Currently the use of confocal and other scanning microscopes has become popular
in biology and life sciences, because these instruments provide clear, contrasty
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optical sections below the surface of the object, without interference from depth
of focus effects.
The method of specimen preparation described here, enables the ordinary incident light
microscope in common with the con focal and other scanning systems, to take optical
sections below the surface of intact specimens without sectioning or potential drying
problems associated with the scanning electron microscope. Retrieval of serial images
and their subsequent processing for the construction of 3-D images can also be done
with the ordinary incident or transmitted light microscope with the appropriate software.
For observing histochemical reaction end products in dentine, the polarized incident
light microscope can record clear optical sections, deep into the specimen at high
resolution up to a depth of about 25 µm, without any significant disturbance from
out of focus effects, Further, a major advantage is the simplicity of its operation
and its negligible cost. It is actually an accessory added on to an existing ordinary
transmitted light microscope stand at a small fraction of the cost of the more
sophisticated scanning instruments, whose price is close to that of a modern electron
microscope. Watson (1991) has rightly pointed out that at £45,000 and upwards,
these instruments are unlikely to fiad a place in many dental surgeries. However,
the present method provides an economically attractive alternative or a supplementary
mode of microscopy to the confocal scanning instruments for an in depth study
and examination of calcified tissue morphology and histochemistry.
Acknowledgements
The author wishes to thank Dr Ν Η Antia and Dr (Miss) Ν F Mistry of the
Foundation for Medical Research, Bombay, for their help.
References
Bradford E W 1958 The maturation of the dentine; Br. Dent. J. 105 212–216
Burstone M S 1964 Enzyme histochemistry and cytochemistry; in Cytology and cell physiology (ed.)
G H Bourne (New York. London: Academic Press) pp 201–206
Gurberoglio R. Brännström . 1976 Scanning electron microscopic investigation of human dentinal
tubules; Arch. Oral. Biol. 21 355–362
Gerebetzoff M A 1959 Cholinesterases; in Modern trends in physiological sciences (eds) P Alexander
and Z M Bacq (London; Pergamon Press) vol 3, pp 3–5
Harris R M 1985 Light microscopic depth measurement of thick section; J. Neurosci. Meth. 14 97–100
Holt S J 1958 Indigugenic staining methods for esterases: in General cytochemical methods (ed.) J F
Danielli (New York: Academic Press) vol 1, pp 375–397
Kroese A B A and Van Netten 1987 The application of incident light polarisation microscopy for the
visualisation of vertebrate sensory hair cells in vivo; J. Microsc. 145 309–318
Mjör I A 1979 Denline and pulp; in Histology of the human tooth (eds) I A Mjör und Ο Fejerskov
(Copenhagen: Munksgaard) pp 43–73
Pearse A G E 1972 Histochemistry vol 2. (Edinburgh. London and New York: Churchill Livingstone)
Pearse A G E 1980 Histochemistry vol 1, (Edinburgh. London and New York: Churchill Livingstone)
ten Bosch J J and Zijp J R 1987 Optical properlies of dentine; in Dentine and dentine reactions in the
oral cavity (eds) A Thylstrup, S A Leach and V Qvist (Oxford, Washington DC IRL Press) pp 59–65
Tronstad L 1973 Ultrastructural observations on human coronal dentine; Scand. J. Dent. Res. 81 101–111
Wada S 1970 The reflected light microscope—an instrument far the direct observation of the interior
structures of the anthropod eye; Zeiss Inf. 75 19–21
Watson . F 1991 Applications of confocal scanning optical microscopy to dentistry; Br. Dent, J. 171 287 –290
Corresponding editor: VDYANAND NANJUNDIAH

