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Effect of low dietary lipid on the development of
Sjogren's syndrome and haematological
abnormalities in (NZBxNZW)Fl mice

C A SWANSON,* J A LEVY, AND W J W MORROW

From the Cancer Research Institute and Department of Medicine, University of California School of
Medicine, San Francisco, CA 94143, USA

SUMMARY A diet low in fat was found to retard the development of autoimmune disease in
(NZBxNZW)Fl mice, whereas diets high in fat content were associated with more severe
disease. The ability of a reduced lipid intake to ameliorate the progression of autoimmune
disease was indicated by preserved lacrimal gland secretion (measured by a modified Schirmer
test), decreased infiltration of inflammatory cells into the exocrine tissue, and decreased severity
of immunohaemolytic anaemia as indicated by near-normal packed cell volume and reticulocyte
values. These results suggest that nutritional intervention may be of some help in reducing the
severity of pathological abnormalities associated with human systemic lupus erythematosus and
Sjogren's syndrome.

Numerous studies investigating the aetiology and
pathogenesis of murine autoimmune disease have
shown the importance of genetic, viral, and environ-
mental factors in determining both the onset and
severity of disease.' The (NZB XNZW)Fl (NZB/W)
hybrid mouse spontaneously develops immuno-
pathological abnormalities similar to those of human
systemic lupus erythematosus and Sjogren's syn-
drome,24 and is a well established model for these
disorders.

Immunologically, systemic lupus erythematosus is
characterised by many cellular and humoral defects,
including the production of numerous autoantibodies
to DNA, RNA, and cellular antigens. Sjogren's
syndrome is a chronic inflammatory autoimmune
disease, in which lymphocytic and plasma cell
infiltration of the salivary glands and lacrimal glands
is associated with tissue destruction of these organs
and concomitant decreased production of saliva
(xerostomia) and tears (xerophthalmia).5
The NZB/W mouse has been used for numerous

studies on autoimmunity and experimental thera-
peutics. Virtually all these investigations, however,
Accepted for publication 3 January 1989.
Correspondence to Dr W J W Morrow, IDEC Pharmaceuticals
Corp, 11099 North Torrey Pines Road, La Jolla, CA 92037, USA.
*Present address: St Louis University Medical School, St Louis,
MO 63118, USA.

have focused on the systemic lupus erythematosus
components-namely, the production of autoanti-
bodies and the occurrence of immune complex
mediated inflammation, particularly in the kidneys.
The NZB/W mouse also develops autoimmune
related exocrine gland disease, which resembles the
abnormalities seen in human Sjogren's syndrome, as
well as other less specific autoimmune related-
immunopathological phenomena.
Our laboratory and others have shown that

autoimmune disease in NZB/W mice can be affected
by nutritional variables such as lipids, energy value,
proteins, vitamins, and minerals.6 In particular, we
have shown that NZB/W mice fed near-isocaloric
diets, varying only in the type and quantity of fat,
showed marked differences in immune responses
and severity of autoimmune disease mani-
festation.7-9 Invariably, the low fat diets reduced
the symptoms of autoimmunity, whereas animals
fed high levels of lipid generally showed severe
disease.
Thus the aim of this work was to examine the

contribution of dietary lipid to some of the less
studied aspects of autoimmune disease in NZBIW
mice and make a preliminary assessment of the role
of nutrition in regulating the progression of these
symptoms.

765

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.48.9.765 on 1 S

eptem
ber 1989. D

ow
nloaded from

 

http://ard.bmj.com/


766 Swanson, Levy, Morrow

Materials and methods

ANIMALS
Weaned female NZB/W mice (3-4 weeks of age)
were purchased from the Jackson Laboratory-, Bar
Harbor, ME. Food and water were given freely.

DIETS
The diets selected for these experiments have been
used previously in our laboratory,7-9 except that in
this study the high saturated fat diet contained
coconut oil instead of animal lard. This fat has a

higher degree of saturation than lard. Each diet
varied only in the fat concentration and degree of
saturation and differed in energy value by no more

than 10%. The experimental diets were obtained
from Teklad Test Diets, Madison, WI, and were in
pellet form. The diets were as follows: (a) high in
saturated fat (7.7% coconut oil, 1-3% corn oil); (b)
high in unsaturated fat (9% corn oil); and (c) low in
fat (1.2% corn oil). The control diet was conven-
tional rodent pellets (Ralston-Purina, St .Louis,
MO), which contained 4-5% total fat consisting of
approximately equal proportions of saturated and
unsaturated fats. When the animals were killed the
mean body weights of all animals on these diets did
not differ significantlX. This finding is consistent
with previous reports.

SCHIRMER TESTS
Schirmer tests were performed using a modified
version of the technique described by Hoffman et
al. '0 Mice were anaesthetised with a ketamine/
xylazine cocktail (0-25/0-15 ml/kg animal weight),
and one end of a 0-5 mmx5-0 mm strip of Whatman
No 1 filter paper was placed under the lower eyelid
(Fig. 1). After two minutes the strip was removed
and the wetted area measured under a dissecting
microscope to the nearest 0.1 mm. Tests were

performed twice within one week before the animals
were killed.

HISTOLOGICAL STUDIES
At 7 months of age (the stage of active disease) the
mice were anaesthetised with ether, killed by cervical
dislocation, and bled via cardiac puncture. The left
and right lacrimal (exorbital) and salivary (parotid)
glands were excised and fixed in a 3-7% formalin
solution, dehydrated by passage through a graded
series of alcohol solutions, and embedded in a

plastic medium (Polysciences Inc, Warrington, PA).
Tissue sections (4 Rtm) were cut on a microtome,
melted smooth onto a glass slide, stained for 15
seconds with methylene blue, and washed in cold
buffer. Sections from each tissue were examined for
infiltration of mononuclear cells by light microscopy

Fig. 1 Schirmer test as performed on an NZBIW mouse.

and graded on a positive/negative scale. This system
was used to distinguish more accurately the destruc-
tive tissue infiltration from focal infittration previously
reported to occur in 25% of non-autoimmune
female mice.'0 Sections with focal and diffuse
infiltrations affecting less than 10% of the exocrine
tissue were scored as negative (Fig. 2a). The
presence of abnormality, including multifocal infil-
tration and destruction of tissue architecture, affect-
ing at least 10% of the tissue was scored as positive
(Fig. 2b). Several sections from each tissue were
examined to ensure an accurate evaluation. Slides
were scored blind by two independent observers. In
the event of disagreement between scorers the slide
was reviewed until an agreed score was achieved. At
the end of the study the code was broken and the
results tabulated.

HAEMATOLOGICAL STUDIES
Packed cell volumes were determined after centri-
fugation. Reticulocyte count was obtained by adding
two drops of new methylene blue N solution
(Harleco Product) to four heparinised capillary
tubes of blood. The solution was mixed and allowed
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Fin. -a

H-i. 2b

Fig. 2 (a) Normal lacrimal gland tissue showing darkly staining zymogen granules in the serous cells and secretory ducts.
(Methylene blue.) (b) Arrows indicate a region ofsevere mononuclear cell infiltration and destruction oftissue architecture
in a section through the lacrimal gland ofa mouse maintained on a high fat diet. Section shows typical acinar serous cells
and secretory ducts. (Methylene blue.)
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to stand for 10 minutes. Slide smears were made and
reticulocytes noted by the presence of basophilic
material. Counts were performed blind by two
independent observers. Indirect Coombs' tests for
antierythrocyte antibodies were performed by
standard methods. Briefly, erythrocytes were
obtained from Swiss-Webster mice and after three
washes in normal saline were inoculated with varying
concentrations of heat inactivated test or control
serum for 30 minutes at 37°C. After a further three
washes the presence of bound mouse immunoglobulin
was determined by adding goat antimouse IgG
(Cappel Laboratories, Malven, PA) diluted 1:20
with normal saline. Agglutination was measured on
a scale of 1-4+.

STATISTICAL ANALYSES
Data analysis was performed with a Statview 512
software package on an Apple Macintosh. Differ-
ences in populations having Gaussian distribution
were assessed by a Student's t test. Data that were
non-Gaussian-for example, reticulocyte counts,
were normalised by logl0 transformation before
analysis. Statistical significance was set at the 5%
level.

Results

MEASUREMENT OF LACRIMAL GLAND

SECRETION
Table 1 shows that the mean length of filter paper
wetting (expressed in mm) in the mice fed the low
fat diet was significantly greater (p<0-001, Student's
t test) than in those mice fed either the high
saturated or unsaturated fat diets. Although ocular
wetting by animals fed the control diet was also
greater than by mice fed either of the high fat diets,
the differences were not statistically significant.

Table 1 Measurement of lacrimal gland secretion

Diet group

HSF* HUr LP Pellet*

Number of
animals
tested 20 20 20 24

Schirmer test
(mm)t 2 2 (0.73) 2 2 (0 97) 3.3 (0 78) 3-0 (1.6)

All animals were 7 month old females.
*HSF=high in saturated fat; HUF=high in unsaturated fat;
LF=low in fat; Pellet=conventional rodent diet (control).
tFigures represent mean length (SE) of wetting by ocular secretion
as measured with a Whatman No 1 filter strip.
Statistically significant differences (p<0-001, Students' t test) were

noted between animals in the low fat diet group and those fed
either of the high fat diets. Confidence was set at the 95% level.

Table 2 Incidence of abnormal lvmphocvtic infiltrationi in
lacrimal and parotid glands

Diet group

HSF IHUP LP Pellet*

Number of
tissues
tested 17 17 17 20

Number (%)
positive 8 (47) 7 (41) 4 (23) 5 (25)

*HSF=high in saturated fat; HUF=high in unsaturated fat.
LF=low in fat; Pellet=conventional rodent diet (control).

HISTOLOGIC EVALUATION OF EXORBITAL AND

PAROTID GLANDS
Table 2 summarises the scoring of exocrine gland
disease from each diet group. The incidence of
destructive infiltration of the exocrine glands was
nearly twice as high in those mice fed either the high
saturated fat (47%/) or the high unsaturated fat
(41%) diets than in those fed the low fat diet (23%)
or in the control (25%) group.

PACKED CELI, VOLUMES, RETICULOCYTOSIS,
AND ANTIERYTHROCYTE ANTIBODIES
Figure 3 shows average packed cell volumes for each
diet group taken at 4 months of age for reference

4 moonths
i17mntths

040-2

CE

Low Pellet High High
Fat Unsat. Fat Sat. Fat

Fig. 3 Differences in packed cell volumes in both 4 and 7
month old NZBIW mice. Vertical lines represent standard
error. Each group comprised thefollowing number of
animals: low fat 8 (4 mo), 16 (7 mo); pelletlcontrol 8
(4 mo), 13 (7 mo); high unsaturated fat 8 (4 mo), 22 (7 mo);
high saturated fat 8 (4 mo), 18 (7 mo). At 7 months
differences between low fat and high saturated fatfed
animals were significant (p=0-0073).

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.48.9.765 on 1 S

eptem
ber 1989. D

ow
nloaded from

 

http://ard.bmj.com/


Low dietary lipid and autoimmune disease 769

Low

Fat

Fig. 4 Reticulocyte coui
NZBIW mice fed diets va
represent standard error.

following number of anii
pelletlcontrol 8 (4 mo), 1
(4 mo), 22 (7mo); high s

Only differences between
animals were significant

and again at 7 moi
substantial drop in pa
in those mice main
unsaturated fat and,
rated fat diets. Thos
showed only a slight (
In the 7 month old a

the mean packed ce
high saturated fat gr
was significant (p=(
poses, a normal pack
autoimmune BALB/4

Reticulocyte count
showed no marked
groups. At 7 months
increased dramatical
groups (again this eff(
high saturated fat gr

maintained on the lov
observed. There was
ence between reticul
and high saturated fat
A normal reticulocyl
BALB/c3 mice is 2-9'
anti-red blood cell ar
our test mice by the
control sera obtain

n somed develop marked haemolytic anaemia in comparison
?7 s with the NZB/W mice) consistently gave scores of

3-4+.

Discussion

Previous studies by our group' 7-9 12 and others
(reviewed in reference 6) have indicated that dietary
fat can dramatically affect the development of
autoimmune disease in susceptible strains of mice.
The present results suggest that dietary manipulation
can also modulate the appearance of Sj6gren's
syndrome-like immunopathology and haemato-
logical abnormalities which develop in NZB/W
mice.
The connection between exocrine disease and

exocrine fluid production has yet to be established.
Pellet High High Scoring of gland disease in all diet groups was

Unsat. Fat Sat. Fat apparently associated with measurements of tear

ints from 4 and 7 month old production. These findings suggest that the Schirmer
test commonly used in humans may be a usefulirying infat content. Vertical lines

Each group comprised the mdicator of exorbital gland function in the mouse.
mals: lowfat8 (4 mo), 16 (7mo); Although exact identification of the infiltrating cells
3 (7mo); high unsaturatedfat8 cannot be made from Figs 2a and 2b, a detailed
aturatedfat8 (4 mo), 18 (7rmo). examination and identification of lacrimal and
i lowfat and high saturatedfatfed parotid gland infiltration in NZB/W mice has been
(P<O0-XI). previously described by Kessler et al.4 Thus low

power magnification was used to illustrate the
extensive destruction of tissue architecture rather

nths of age. At 7 months a than identification of the inflammatory cells. As the
cked cell volume was observed mean animal weights from each of the four diet
itained on the control, high groups did not differ significantly, body (and thus
most notably, the high satu- organ) size is unlikely to be responsible for dif-

.e animals fed the low fat diet ferences in the Schirmer test results.10 The mech-
decrease in packed cell volume. anism(s) by which a low fat diet partially protects
nimals the difference between the animals from exocrine dysfunction remains
11 volumes of the low fat and speculatory. Although it is possible that changes in
oups was 0-06; this difference fat intake may directly alter the metabolism of the
D-0073). For comparison pur- secretory cells in the lacrimal gland, we believe that
ed cell volume for inbred, non- it is more likely that the dietary manipulations act
c is 0-48." through the immune system and regulate the in-
ts (Fig. 4) at 4 months of age flammatory processes that occur in these animals.
difference between the diet Specifically, we believe that the lipid content of the
however, reticulocyte counts diet influences the migration of mononuclear cells

Ily in animals from all diet into the exocrine tissues of these animals and thus
ect was most pronounced in the has a direct bearing on the development of the
oup) except for those animals autoimmune disease. As mentioned above, previous
v fat diet, where no change was experimentation by our group has shown that both
a significant (p<0-001) differ- qualitative and quantitative changes in dietary fat
ocyte values from the low fat intake can profoundly affect a broad range of
t fed groups at 7 months of age. humoral and cellular factors that are associated with
te value for non-autoimmune autoimmune disease in NZB/W and MRIlpr mice,
%. 1 1 We were unable to detect and it would seem logical that the immunopathology
ntibodies in the sera of any of of the lacrimal gland falls into the same category.
indirect Coombs' test, though Nevertheless, the precise mechanism by which
ed from NZB mice (which alterations in the rate of progression of Sjogren's
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770 Swanson, Levy, Morrow

syndrome occur is unclear. The effects of dietary fat
on the immune system are extremely complex and
lymphocyte function can be modulated in several
ways, including via arachidonic acid metabolism,
alterations in the fatty acid composition of the cell
membrane, and plasma lipoproteins.13 14 Extensive
studies are necessary to determine the exact manner
by which dietary fats influence autoimmune disease.
The array of autoantibodies associated with

murine autoimmune disease includes anti-red blood
cell antibodies, which mediate their effects via type
II hypersensitivity.5 The ability of dietary lipids to
ameliorate the severity of immunohaemolytic
anaemia was shown by the preserved packed cell
volume and near-normal reticulocyte count in those
mice fed the low fat diet. Conversely, increases in
reticulocyte counts and marked drops in packed cell
volumes were seen in those mice fed diets higher in
lipid, especially the high saturated fat group. These
data are consistent with an earlier study performed
by Femandes et al,16 who showed that NZB mice
had a late onset of haemolytic anaemia when fed a
low fat/high protein diet in comparison with
counterparts maintained on a high fat/low protein
regimen. Although we were unable to show the
presence of autoantibodies by the Coombs' test, the
combination of the low packed cell volumes and
increased reticulocyte counts clearly suggests the
existence of a haemolytic process in these animals.
Thus we attribute this apparently negative finding to
the fact that most of the antierythrocyte antibodies,
which in the NZB/W mouse are produced in
relatively small quantities in comparison with the
NZB parent,3 are fully absorbed onto circulating red
blood cells. It is conceivable that we might have
detected such antibodies using the direct Coombs'
test, but the logistics of the experiment did not
permit the procedure. We do not exclude the
possibility that the loss of red blood cells in these
animals may be because of haematuria or mechanical
angiopathic haemolysis due to vasculitis. Such pos-
sibilities can still be attributed to the broad effects of
the autoimmune disorder(s) present in these animals
and thus warrant further investigation.
The results from this study support the use of the

NZBIW mice as a model of human systemic lupus
erythematosus and Sjogren's syndrome, and confirm
the dramatic effect of lipids on immune function.
Interestingly, human Sjogren's syndrome is usually
unresponsive to conventional non-steroidal anti-
inflammatory drugs, and in some cases these agents
may have adverse effects.'7 Further investigations
may help to determine the efficacy of nutritional

intervention as an adjunctive therapeutic regimen in
patients with diagnosed Sjogren's syndrome and
systemic lupus erythematosus.
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