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Abstract

 

The intra-orbital lachrymal gland (Harderian gland, or HG) of the female rat was studied by magnetic resonance

imaging (MRI) to evaluate whether MRI can be used to visualize the gland 

 

in vivo

 

 and localized-1H-spectroscopy

detect its lipid content. The results were correlated with post-mortem anatomical sections, and with light and

electron microscopy. On MRI, HG presented as a mass located between the ocular bulb and the orbit. In strongly

T2W sequences the secretory structures had a reduced signal while intraparenchymal connective tissue was visible.

T2-quantitative maps values of HG (60.12 

 

±

 

 8.15 ms, mean 

 

±

 

 SD) were different from other tissues (i.e. muscular tissue,

T2 = 44.79 

 

±

 

 3.43 ms and olfactory bulb, T2 = 79.26 

 

±

 

 4.25 ms). In contrast-enhanced-MRI, HG had a signal-intensity-

drop of 0.074 

 

±

 

 0.072 (mean 

 

±

 

 SD), after injection of AMI-25, significantly different from the muscle (0.17 

 

±

 

 0.10).

Localized MRI spectra gave a large part of the signal originating from fat protons, but with a significant percentage

from water protons. At light and electron microscopy the lipid deposition appeared to be composed of low-density

material filling a large part of the cytoplasm, and the porphyrin aggregates were easily recognizable. The data

demonstrate that an 

 

in vivo

 

 study of the HG was feasible and that high-field MRI allowed analysis of the gross

anatomy detecting the lipid content of the gland.
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Introduction

 

The Harderian gland (HG) is a tubuloalveolar gland

located within the orbit of terrestrial vertebrates that

exhibit a nictitating membrane (Baccari, 1996; Chieffi

et al. 1996). HG has been described in reptiles,

amphibia, birds and some mammals (Djeridane, 1996;

Ortiz et al. 2001). The anatomical location within the

orbit, and the size of the HG, varies among species. The

gland is quite large in amphibia and reptiles (Di Matteo

et al. 1995; Shirama et al. 1996), while in birds it is the

dominant orbital gland. Among mammals it may also

be large, especially in rodents. Adult humans do not

have HG but HG vestiges seem to be present in the

fetus between weeks 11 and 30 (Buzzell, 1996). The

HG in mammals has been defined as a lipid-secreting

tubuloalveolar ocular gland. The HG of many rodent

species, including the rat, mouse and hamster, has

received more attention than that of any other species.

The rodent HG is about 20% lipid by wet weight

(Buzzell et al. 1995).

The mammalian HG is characterized by the production

of porphyrins typically found in the 

 

lumina

 

 as solid

accretions. The rodent HG has been extensively used

as a model of porphyrin biosynthesis since the presence

of porphyrin was described in rat HG long ago (Antolin

et al. 1996; Baccari, 1996; Chieffi et al. 1996; Payne

et al. 1996).

To date, the morphology and fine structure of the

HG have been studied in several species, but the lack of

a non-invasive imaging technique hampers the 

 

in vivo

 

investigation of the organ in small laboratory animals.

In recent years a capacity for submillimetric scale imag-

ing has been obtained by the development of magnetic

resonance imaging (MRI) technology (Sbarbati & Osculati,

1996). This method seems to be particularly informative

in lipid-rich tissue, allowing evaluation of fat content

of organs and thus avoiding extractive procedures

commonly used in other biochemical methods

(Sbarbati et al. 1997; Lunati et al. 2001a,b). However, this

new approach has never been used in studies on the HG.
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The present paper reports on MRI at a submillimetric

spatial resolution of the rat HG. We sought to evaluate

whether MRI can visualize the HG and quantify the

lipid content of the gland. The results have been correl-

ated with those obtained by sectional approach, light

and electron microscopy.

 

Materials and methods

 

Six adult female Sprague–Dawley rats were used. All

MRI experiments were carried out using a Biospec

System (Bruker, Karlsruhe, Germany) equipped with a

4.7-T Oxford Magnet, 33-cm bore, and a SMIS (Surrey

Medical Imaging System Ltd, UK) gradient insert. A

35-mm i.d. transmitter/receiver birdcage coil was used.

For 

 

in vivo

 

 experiments the rats were anaesthetized

by inhalation of a mixture of air and O

 

2

 

 containing

1–2% halothane. After a coronal scout SE image, coronal

multislice T2-weighted (T2W) images were acquired

to localize the area of interest. In order to obtain T2

parametric maps, coronal multi-echo spin-echo images

were acquired with the following parameters: TR

= 2040.0 ms, TE = 100 ms, FOV = 5 

 

×

 

 5 cm

 

2

 

, matrix

size = 256 

 

×

 

 192, slice thickness = 1 mm. T1 maps were

obtained by acquiring several Spin-echo images

with TR = 4999.0; 1000; 500; 300; 110 ms, TE = 16.8

ms, FOV = 4.0 cm, matrix size = 128 

 

×

 

 256, slice thick-

ness = 1 mm. At the end a coronal multislice T2W SE

image was acquired before and immediately after a

bolus injection of a super paramagnetic contrast

agent. Acquisition parameters were: TR = 3037.0 ms,

TE = 65.0 ms, FOV = 5 

 

×

 

 5 cm

 

2

 

, matrix size = 256 

 

×

 

 256,

slice thickness = 1 mm.

The contrast medium, AMI-25 (Endorem, Guerbet)

was injected into the rat caudal vein at a dose of 5 mg

Fe kg

 

−

 

1

 

. AMI-25 is a suspension of super paramagnetic

iron oxide nanoparticles, widely employed in MRI

experiments for its strong effects (Josephson et al.

1991). Its blood half-life in rats is 15 min (Kent et al.

1990), being absorbed by the liver. Considering that

the acquisition time of the Spin-echo sequences is about

2 min and that only the central lines of the 

 

κ

 

-space

contribute significantly to the signal intensity of the

image, the concentration of AMI-25 was hypothesized

to be steady state during the acquisition of the relevant

lines of the 

 

κ

 

-space. Images were quantitatively

analysed using the region-of-interest (ROI) method.

To obtain information on the microcirculatory bed,

the 

 

in vivo

 

 signal intensity drop (SID) was calculated

measuring the signal intensity before and immedi-

ately after the contrast agent injection. In steady state

conditions it can be shown (Hamberg et al. 1996) that:

SID = 

 

K

 

 ln (

 

S

 

pre

 

/

 

S

 

post

 

). Where 

 

S

 

pre

 

 and 

 

S

 

post

 

 are the signal

intensity, respectively, before and after the contrast

agent injection and 

 

K

 

 depends on the TE and other

experimental conditions, but is constant over the dif-

ferent pixels of the image; 

 

K

 

 factor can be ignored.

For localized 1H spectra a single slice spin-echo

sequence was acquired as a morphological reference

with the following parameters: FOV = 4 

 

×

 

 4 cm

 

2

 

, matrix

size 128 

 

×

 

 128, slice thickness = 4 mm, TR = 1 s, TE = 15.8

ms, acquisition time = 2 min. After a global shimming,

the water signal was suppressed by using a single

gaussian 10 ms r.f. pulse followed by spoiler gradients.

Then localized shimming was performed on the slice

selected. Chemical shift images were acquired using a

spin echo CSI sequence consisting of two slice selective

RF pulses (90

 

°

 

 and 180

 

°

 

) and two-phase encoding

cycles. The sequence was acquired with the following

parameters: FOV = 4 

 

×

 

 4 cm

 

2

 

, matrix size 16 

 

×

 

 16, slice

thickness = 4 mm, TR = 1 s, TE = 5.25 ms; 512 complex

points (zero filled at 1024) were acquired with band-

width (BW) = 6000.92 Hz, and number of acquisitions

(NEX) = 4.

Chemical shift images were analysed using the CSI

tool of the software Para Vision (Bruker, Karlsruhe,

Germany). By using this software it is possible to

observe the spectrum relative to each pixel selected

in the reference morphological image (see Fig. 3a–d) or

to observe the space distribution of the signal intensity

within a selected spectral region (see Fig. 3e).

Sectional studies were performed in four rats. The

animals were killed, frozen, sectioned and photo-

graphed at planes corresponding those visualized in

MRI investigation. The sections were then photo-

graphed by a stereomicroscope Stemi SV6 (Zeiss,

Oberkocken, Germany).

Light and electron microscopy was performed in

two of the rats observed with MRI. The glands were

removed, fixed in 2.5% glutaraldehyde in Sorensen

buffer for 2 h, post-fixed in 1% osmium tetroxide

for 1 h, dehydrated in graded ethanols, embedded in

epon-araldite, and cut with an Ultracut E (Reichert,

Wien, Austria). The semithin sections were stained with

toluidine blue. The ultra-thin sections were stained

with lead citrate and uranyl acetate and observed

with an EM10 electron microscope (Zeiss, Oberkocken,

Germany).
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Results

 

In vivo

 

 MRI

 

In coronal sections of the orbit, the HG appeared as a

mass located between the ocular bulb and the orbit

(Figs 1 and 2). In the anterior sections, at level of the

crystalline lens, the HG presented a L-like shape and it

was located at the medial-inferior sectors of the orbit.

In sections posterior to the ocular bulb, the HG pre-

sented a triangular outline crossed by the optic nerve.

The parenchyma of the HG showed a lobular pattern

 

.

 

In T1W sequences the glandular parenchyma appeared

differentiated from the other tissues around it for its

relative high signal intensity (Fig. 3). The intraparen-

chymal connective tissue showed low signal emission.

In lightly T2W sequences the glandular parenchyma

appears differentiated from the other tissues around it

because of its relatively high signal intensity. In strongly

T2W sequences the signal originating from secretory

structures was reduced and the intraparenchymal and

capsular connective tissue was visible. T2 quantitative

maps showed values significantly different between

the HG (60.12 

 

±

 

 8.14, mean 

 

±

 

 SD) and tissues visible in

the same section (i.e. muscular tissue, T2 = 44.79 

 

±

 

 3.43 ms

and olfactory bulb, T2 = 79.25 

 

±

 

 4.25 ms). Experiments

using contrast-enhanced MRI demonstrated in the HG

a signal intensity drop of 0.074 

 

±

 

 0.072 (mean 

 

±

 

 SD)

after injection of AMI-25. This value is significantly

different from the value of the muscle (0.17 

 

±

 

 0.10).

Localized MRI spectra were obtained in pixels located

on different portions of the rat’s head. Proton spectra of

brain and skeletal muscle showed a major contribution

of water protons to the genesis of the nuclear mag-

netic resonance (NMR) signal, the peak of fat protons

being very small, while the proton spectra of adipose

tissue demonstrated a major contribution of fat

protons to the genesis of NMR signal, the peak of water

protons being very small. Spectral analysis of HG

revealed a very characteristic pattern, with the larger

part of the signal originating from fat protons, but

with a significant percentage originating from protons

in water molecules.

 

Post-mortem examination

 

In coronal sections, the HG appeared as a mass located

between the ocular bulb and the orbit. In the anterior

sections, at the level of crystalline lens, the HG appeared

as an L-shaped body located at the medial and inferior

sectors of the orbit. In the sections posterior to the

ocular bulb, the HG presented a triangular outline as

it may be deleted by the optic nerve. The HG was

characterized by a coarsely lobular pattern with large

connective-tissue intraparenchymal septa

 

.

 

On light microscopy, the lobular architecture was

confirmed, and connective septa composed of densely

packed collagen bundles were visible. Numerous lipid

droplets, with a clear appearance, filled the cytoplasm

and porphyrin precipitates were visible in the gland

lumina (Fig. 4).

At ultrastructural examination, all the light micro-

scopic features were confirmed. The lipid deposition

appeared to be composed of low-density, non-

osmiophilic material filling a large part of the cytoplasm.

The remaining part of the cytoplasm was rich in smooth

endoplasmic reticulum and mitochondria. In section,

intraluminal porphyrin aggregates were large and

easily recognizable.

 

Discussion

 

In living animals, the parenchyma of the HG can be

easily distinguished from the surrounding tissue. In

general, this study demonstated a good correlation

between MRI and post-mortem anatomical sections. Its

peculiar hydrolipidic ratio makes the HG visible in both

T1W and T2W images. The high lipid concentration

of the secretory cell provides a strong signal in T1W

images in concordance with 1H localized spectral

analysis. The parenchyma shows NMR characteristics

very similar to those found in other tissues with a multi-

locular lipid accumulation (i.e. brown adipose tissue)

mainly composed of neutral lipids (Sbarbati et al. 1997;

Lunati et al. 1999). Connective-tissue septa are charac-

terized by a low-intensity signal in T1W sequences

which is probably due to absence of lipid and to the

presence of strictly packed collagen bundles easily

visible at histology. The strong hydration of connective

septa allows a good visualization of the capsular and

stromal organization in T2W sequences. A preliminary

experiment on contrast-enhanced MRI demonstrated

low values of SID, a parameter related to tissue

perfusion, after contrast administration. This finding

suggests that the blood flow of the HG is rather low

in resting condition.

IH-localized spectra demonstrated that the lipid

content of the HG could be detected, mapped and

eventually quantified, although with a reduced spatial

 

JOA_086.fm  Page 233  Saturday, August 24, 2002  1:19 PM



 

MRI of the Harderian gland, A. Sbarbati et al.

© Anatomical Society of Great Britain and Ireland 2002

 

234

 

Fig. 1

 

MRI of a rat’s head, coronal section. (a) T1W image. (b) Proton density image. (c) Lightly T2W image. (d) T2W image. 
(e) Pre-contrast image. (f) Post-contrast image. E, eyeball; B, brain; H, Harderian gland; M, muscle; T, tongue.
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Fig. 2 (a) MRI of a rat’s head, coronal section. T2 parametric map. (b–e) Anatomical sections. E, eyeball; B, brain; H, Harderian 
gland; M, muscle; T, tongue. Arrows mark pigment deposit in HG.
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Fig. 3

 

In the left column (a–e), images of a rat’s head are visible. The intersection between horizontal and vertical lines marks 
the point where localized 1H spectra were acquired. In the right column (a1–e1) the corresponding 1H-spectra are shown (W, 
water proton peak; F, fat proton peak). If a window is selected in frequencies corresponding to fat proton peak (e1) it is possible 
to discriminate lipid-rich areas (e). The coloured pixels were superimposed on to an anatomical image. Clear colours indicate areas 
with richest lipid deposit.
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resolution. This result opens up new perspectives

for 

 

in vivo

 

 functional exploration of the HG. It is well

known that the lipid content of the HG changes with

age, sex and secretory activity of the animal (Buzzel

et al. 1995; Varriale, 1996; Gesase & Satoh, 2001).

Therefore, information about the lipid content could

be useful to follow paradigms of functional activation

of the gland (Satoh et al. 1996; Hida et al. 1998;

Cavagnari et al. 2001). In addition, methods for the

selective detection of metabolites could provide infor-

mation about specific lipidic compounds in the gland

(Lunati et al. 2001a,b).

In conclusion, our data demonstrate the feasibility of

an 

 

in vivo

 

 study of the HG, which represents a unique

Fig. 4 (a–c) Light microscopy, toluidine-stained semithin sections. White asterisks indicate the connective-tissue septa, while the 
black asterisks indicate the porphyrin precipitates. (d) Transmission electron microscopy. E, extracellular space; L, lipid pools; 
N, nucleus; P, porphyrin precipitates. Scale bars = a, 65 µm; b,c, 16 µm (particulars of panel a); d, 2 µm.
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example of a lipid-secreting structure with porphyrin

and pheromones (Seyama et al. 1996; Shanas & Terkel,

1997; Coto-Montes et al. 2001). High-field MRI allows

for analysis of the gross anatomy and lipid content.

Information on vascularization can also be obtained.

Further studies are necessary to evaluate whether

the methods are sensitive enough for the porphyrin

content to be studied (Payne et al. 1996) and for an

analysis of sexual dimorphism, age-related modification

and functional activation of the organ.
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