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Summary — In rats, like many rodents, Harderian glands next to the orbits secrete porphyrins, lipids and
other compounds. High levels of secretion lead to chromodacryorrhoea (red or “bloody” tears), often taken
as a sign of stress or disease. Here, we developed a scoring system for recording chromodacryorrhoea in a
quantitative way, and investigated whether the low-level, transient Harderian secretions of normal, healthy
rats correlate with low to moderate levels of stress or disturbance. Rather than exposing our subjects (24
Lister Hoodeds, housed in 11 single-sex cages) experimentally to stressors, we made opportunistic use of
three likely sources of low-level stress within the unit: 1) building maintenance work, taking several hours
and involving several potential stressors; 2) visits by unfamiliar humans, and the other mild sources of dis-
turbance normal in an animal unit; and 3) social status within the cage. The mean daily chromodacryor-
rhoea score increased most with the severe disturbance of building maintenance work (F1,9 = 602.67,
p << 0.0001), and also increased — though to a lesser extent — with the mild disturbance of visitors and
similar (F1,9 = 8.77, p = 0.008), while being the subordinate member of a cage-group had a smaller effect
still (F1,6 = 7.86, p = 0.03). Individual rats scored consistently across treatment conditions, and there was
also significant inter-observer reliability between independent scorers. We therefore suggest that scoring
chromodacryorrhoea could be a simple, practical and non-invasive way of sensitively assessing the impact

on rats of housing, husbandry, or procedures.
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Introduction

Refining the husbandry and use of laboratory ani-
mals requires usable, well-validated methods for
assessing stress and distress. Non-invasive tech-
niques are advantageous, generally being less aver-
sive than invasive methods, and usually requiring no
licensing or other form of monitoring (Gimpel &
Mason, submitted). Methods that require little tech-
nical expertise or equipment are also particularly
valuable, especially if cheap and/or readily used by
animal care personnel (1). The aim of the experi-
ments presented here was therefore to evaluate the
validity and practical usefulness of a novel, poten-
tially simple method of non-invasively assessing dis-
turbance and stress in laboratory rats: the
quantitative scoring of chromodacryorrhoea (red or
“bloody” tears). Chromodacryorrhoea is the term for
an overflow of reddish secretions from the Harderian
gland, a secretary body medial to and behind each
orbit. In rats, these secretions can stain the fur
around each eye, or appear around the nose after
reaching the nostrils via the lacrimal ducts (2, 3). The
Harderian gland is widespread in vertebrates, and is
well-developed in most rodent species (4, 5). Here, its
secretary activity is primarily under parasympa-
thetic, cholinergic control (4, 6), but the gland is also

affected by endocrine factors, including a range of
gonadal, thyroid and pituitary hormones (4), and pos-
sibly also adrenaline (7, though see 3). The gland’s
secretory products contain lipids, indoles such as
melatonin, and, in rodents, porphyrins, responsible
for the dark red colour (3-5, 8). On release, secretions
are typically spread over the fur of the rodent’s face
and other parts of the body via grooming (9, 10). They
have a very diverse array of functions, ranging from
thermoregulation in Mongolian gerbils (4), to aggres-
sion-inhibitors in blind mole-rats (11, 12), although
their functions in the Norway rat itself seem not to
have been investigated.

Conspicuous chromodacryorrhoea has long been
used as a qualitative sign of stress and/or respiratory
disease (2, 3). Stress causes the rapid production
and/or release of Harderian compounds — one study
showed that this occurred within, on average, 16
minutes of limb restraint (13) — and in long-term
conditions, the build-up may be exacerbated by
reduced levels of grooming (V. Baumans, personal
communication). The result can be areas of secretion
several millimetres across, which dramatically alter
the animal’s appearance, often by ringing the eye
with red (2, 14, 15). Such chromodacryorrhoea
appears, for example, in rat models of arthritis,
alongside rises in plasma corticosteroid levels and
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decreases in body weight (16); in rats withdrawing
from morphine (17); and in rats deprived of REM
sleep (18). It is also a common sign of poisoning in
toxicity studies (19), as well as appearing in less
severe, less chronic situations such as fright (14). In
studies of cholinergic functioning, chromodacryor-
rhoea has been scored quantitatively, on a rating
scale (6).

Our interests here were twofold: 1) could a similar
scoring system be developed for stress-related secre-
tion? 2) Do inconspicuous manifestations of chro-
modacryorrhoea similarly convey information about
welfare? We were alerted to this possibility by obser-
vations that several rats in our unit showed very
small, transient spots of dark red secretion around
their nostrils, approximately 1mm across, after the
timer controlling their room’s light cycle had mal-
functioned for a day.

Our research was not conducted under a Home
Office project licence, so we were unable to experi-
mentally stress our animals. However, we could
opportunistically make use of three likely sources of
low-level stress within the unit:

1. the performance of maintenance work within our
subjects’ room;

2. other sources of potential disturbance, such as vis-
its to the unit by unfamiliar humans; and

3. social ranking within each cage.

Experiment 1: Can Chromodacryorrhoea
be Quantitatively Scored, and Does It
Significantly Increase in Response to a
Disturbing Event?

Methods

The subjects for this experiment were 24 young adult
(c. 6 months old), healthy Lister Hooded rats of both
sexes. They were housed in single-sex pairs or triplets
in 11 cages for the purpose of another research proj-
ect. These cages were large — 0.6m (W) X 0.6m (L) X
0.3m (H) — and enriched, with solid plastic walls, a
wire mesh lid, and a wire mesh window at the front.
Cagemates were identified and distinguished by their
throat and tail markings. All the rats had been born
within the unit, which had only previously housed
their mothers — females brought in pregnant from a
disease-free commercial barrier unit. Three subjects
were also health-screened at the end of the three
experiments, to confirm their disease-free status.
The rats were observed every day for 44 days,
always during the light phase, and typically during
the morning. Data were collected only once each ani-
mal had approached the front mesh window, so that
it could be seen clearly. Any chromodacryorrhoea

was scored on a five-point scale, as illustrated in
Table 1. The scoring system was primarily based on
the secretions visible on noses, because only one rat
was ever observed with chromodacryorrhoea around
an eye. At the end of the six weeks, planned mainte-
nance work was conducted in the unit. This
occurred on one day, between 1400 and 1630, and
involved: an unfamiliar human visitor to the unit;
the rats’ cages being moved into a neighbouring
room; power-tool use and other noisy maintenance
work in the animals’ original room, audible from
their new location; being carried back to the unit;
and one brief use of an electric drill within the unit
itself (which precipitated a panicked flight response
from the nearest rats). At 1800, the rats were scored
for chromodacryorrhoea. All the data were then con-
verted into mean scores/cage/day, for both baseline
and treatment conditions (cagemates’ values were
meaned as cagemates were not statistically inde-
pendent). They were analysed with a General Linear
Model (Minitab 13.1) of the form Score = cage (sex)
+ sex + treatment + sex*treatment, with cage as a
random factor, and chromodacryorrhoea scores
logged due to heterogeneity of variance. Individual
consistency in baseline and disturbance scores was
assessed with the model: Disturbance score = base-
line score + sex, with baseline score being a covari-
ate.

Results

Chromodacryorrhoea was successfully quantitatively
scored and showed a highly significant treatment
effect (F1,9 = 602.67, p << 0.0001; see Table 2),
scores being much higher on the disturbance day
than during baseline conditions. There was no sex
difference, even though Harderian glands are heavier
in male rats than in female rats (20).

The observed chromodacryorrhoea was always
transient — during the baseline scoring, even the
rare animal scoring a “4” (see Table 1) would typi-
cally be completely clear by the next day, and indeed
sometimes the secretions disappeared within a mat-
ter of hours. Rats showed individual consistency, ani-
mals with relatively high baseline scores also showing
the highest scores in the treatment condition (F1,8 =
13.74, p = 0.006).

Discussion

This experiment indicates that low-level, gener-
ally inconspicuous chromodacryorrhoea can be
quantitatively scored. It also tracked environmen-
tal changes, increasing in response to a presum-
ably stressful event, although to far lower levels
than the red tears and stained muzzles typical of
more-severe and chronic stressors or illness. (The
mean score after the treatment was still less than



Assessing stress in laboratory rats by scoring chromodacryorrhoea 155

Table 1: A scoring system for quantifying chromodacryorrhoea

Example of appearance of

Score Description nose (diagrammatic)

0 No chromodacryorrhoea

1 Very slight, inconspicuous chromodacryorrhoea, e.g. one small spot
< 1lmm across (often just lateral to a nostril), only visible if rat
pushes nose out between the cage bars

2 Slight, rather inconspicuous chromodacryorrhoea, e.g. one spot
¢. lmm across, or several spots < 1mm across, only visible if rat
pushes nose out between the cage bars

several spots c. 1mm across, often around nostrils and surrounding

4 Relatively severe chromodacryorrhoea, e.g. several patches 2-3mm
across or more, around nostrils and on surrounding fur, and visible
even in an animal at the back of the cage. Rare secretions around
eyes were also given this score

3 NN

N

|

N

3 Noticeable chromodacryorrhoea, e.g. one spot c. 2mm across, or E
fur

The very conspicuous chromodacryorrhoea typically used as a qualitative sign of stress, illness or intoxication (see 2,

14, 15) would score approximately 10-12 on this scale.

a “2”; see Table 1.) We should emphasise that the
subjects were healthy; and that the occurrences of
chromodacryorrhoea were generally very tran-
sient, as well as quite subtle. Thus baseline levels
of chromodacryorrhoea were, happily, very low in
the unit: the median and modal scores were zero,
and the mean was equivalent to just one score of
“very slight chromodacryorrhoea” per rat (see
Table 1) every five days. We are thus confident
that we were recording the responses of normal
animals. Furthermore, the transient nature of the
secretions suggested that they were tracking
external events in a sensitive manner. This sensi-
tivity could, perhaps, explain why they showed a
response to the disturbing event, while urinary

corticosteroids did not (G. Mason, unpublished
data).

Overall, the data thus suggested that close
inspection for Harderian secretions might be a
useful way of monitoring rat welfare. However,
many aspects of this opportunistic experiment
were not ideal: baseline and treatment scores
were obtained at different times of the day; there
was a potential for order effects, due to lack of a
second, post-disturbance baseline; and data were
not collected blind, as the scorer on the distur-
bance day — GM — knew the treatment the rats
were exposed to, and also the hypothesis under
test. A second experiment was therefore con-
ducted.

Table 2: The chromodacryorrhoea scores of rats on standard, non-experimental days (n =
44) in the colony, compared with scores on a day when moved to a new room and
exposed to both unfamiliar humans and the sounds of building maintenance work

Sex Standard day Severe disturbance day

(no. of cages) (mean score/day = SD) (mean score/day = SD)

Fn=06)
Mm=25)

0.19 = 0.06
0.22 = 0.07

1.47 = 0.62
1.33 £ 0.61

These are raw data, broken down by sex for interest, but note that there was no significant sex or sex*treatment effect,
only a significant main effect for treatment (on logged data, to correct the non-homogeneous variances).
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Experiment 2: Does Chromodacryorrhoea
Respond to Mild Disturbance?

Methods

After a break of two weeks, the subjects continued
to be scored every day as in Experiment 1, for 116
data collection days. Previously, day-to-day varia-
tion had been noted during the baseline scoring
period, and this experiment now capitalised on and
sought to explain this variation. Each day, any
events that might disturb the animals were noted,
namely: unfamiliar visitors to the unit; mainte-
nance work conducted outside the building; evi-
dence of fighting within any of the cages in the unit;
and, on one occasion, signs that a football had been
kicked onto the unit roof from a neighbouring play-
ing field. At the end of the experiment, each day
was categorised as to whether or not such an event
had happened in the 24 hours before chromodacry-
orrhoea-scoring. Disturbance days totalled 28;
undisturbed days totalled 88. Daily means per cage
were then calculated as before, for each of the two
conditions, and statistical analyses were also as
before. Disturbance scores from this dataset were
then also compared with those from Experiment 1,
by using the model: Mean score = experiment + sex
+ experiment*sex.

Note that, in Experiment 2, scoring was largely
blind with respect to treatment, in that the scorer
collecting data on 75% of the days (DW) was
unaware of the hypothesis under test; GM, who col-
lected data on the remaining 25% of the days, was
aware of it.

Results

There was a significant treatment effect (F1,9 =
8.77, p = 0.008; see Table 3), although the
increases observed were much smaller in magni-
tude than those seen in Experiment 1 (F1,9 =
48.29, p < 0.0001). Thus, scores were higher on
days in which a “disturbing event” had happened

in the previous 24 hours. Again, there was no sex
difference in the mean chromodacryorrhoea score;
and there was a correlation between scores on
undisturbed and disturbed days (F1,8 = 5.94, p =
0.041), showing individual consistency in rats’ lev-
els of chromodacryorrhoea.

Discussion

Chromodacryorrhoea scoring, now conducted semi-
blind and always at approximately the same time
each day, confirmed that low-level transient
Harderian secretions occur in response to distur-
bance. Compared with the results from Experiment
1, they also indicate that mild disturbance leads to
a smaller response than does severe disturbance.
An additional point of note is that the overall mean
values (pooling all days’ observations regardless of
what was happening in the unit) were, at c.
0.25/rat/cage/day, slightly higher than the baseline
scores recorded in Experiment 1, perhaps because
the rats were now older (glandular porphyrin and
Harderian cholinergic responsiveness increases
with age: 6; 21). As in the previous experiment,
however, individual responses were still consistent
between disturbed and undisturbed conditions,
some rats always showing more chromodacryor-
rhoea than others.

Over thirty years ago, Lane-Petter & Pearson
(22) suggested that the regular recording of chro-
modacryorrhoea would be a useful way to monitor
health and the adequacy of husbandry, and perhaps
to anticipate more severe problems like disease.
Our results suggest that this idea was a good one, as
chromodacryorrhoea seems to sensitively reveal the
rats’ responses, even to the types of disturbance
typical in any animal unit. However, this experi-
ment is still open to the criticism that it was not
conducted completely blind. Thus, one further
analysis was performed to investigate the relation-
ship between social status within the cage and the
mean chromodacryorrhoea score. Social status does
not have a simple relationship with stress (23, 24),
but in general, if it relates to stress at all, subordi-

Table 3: The mean daily chromodacryorrhoea scores of rats in their home cage on
apparently undisturbed days (n = 88) and on days when exposed to mild
disturbances, such as unfamiliar human visitors (n = 28)

Sex Undisturbed day Disturbed days

(no. of cages)

(mean score/day = SD)

(mean score/day = SD)

F(n=6)
M@m=25)

0.23 = 0.11
0.18 = 0.09

0.38 = 0.12
0.48 = 0.15

As for Table 2, these are untransformed data, broken down by sex solely for interest.
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nates are the most affected. Thus in small, stable
groups of rabbits, subordinates tend to have higher
levels of plasma corticosteroids (25), while in single-
sex groups of rats, subordinate individuals sleep
less and spend more time performing the intention
movements of escape (24). Subordinate status could
therefore be another potential predictor of stress,
and thence chromodacryorrhoea.

Experiment 3: Do Chromodacryorrhoea
Scores Vary with Social Status?

Methods

The dominance status of the rats was assessed for
all subjects as part of another project, midway
through the baseline scoring period of Experiment
1. These data were collected by one of us (CH) com-
pletely independently from the chromodacryor-
rhoea scores collected by GM and DW. Dominance
was assessed via a food competition test (cf. 26, 27),
conducted three times a day for six consecutive
days. Each test involved offering three small items
of food (a raisin or piece of sugar-coated breakfast
cereal) one at a time, and observing which rat
obtained it. Within most cages (8/11), one animal
clearly emerged as winning the treat in more than
80% of the tests, while another obtained it only
rarely. Such animals were categorised as Dominant
and Subordinate, respectively. In cages with three
animals, two generally emerged with similar scores
in the test, indicating shared dominance or subordi-
nancy, and these rats’ chromodacryorrhoea scores
were meaned before analysis. The data were then
analysed by general linear models, again treating
the cage as a random effect.

Results

The analysis showed that, on any typical day in the
unit, subordinate animals had slightly, but signifi-
cantly, higher chromodacryorrhoea scores than
their dominant cage-mates (F1,6 = 7.86, p = 0.03;
see Table 4).

Table 4:

Discussion

A third potential source of stress, being subordinate,
thus also predicted increased levels of Harderian out-
put. Although the effect of size was smaller still than
that seen in Experiments 1 and 2, these data are valu-
able, because no recording bias could have underlain
this finding. They therefore validate the conclusions
of Experiments 1 and 2.

If chromodacryorrhoea is a general response to all
stressors, then this result could indicate that subordi-
nates are indeed stressed by their status, their higher
scores being a response to losing competitions.
Alternatively, subordinate animals may be more gen-
erally stress-sensitive, and responding more to the
external events in the unit (although no such effect
could be seen statistically). A further possible inter-
pretation is that rat chromodacryorrhoea is, as in
mole-rats (12), a signal of appeasement, which then
becomes generalised to a range of non-social aversive
situations. There is, after all, considerable evidence
that these secretions have social functions in other
myomorphic rodents. As reviewed by Brown (28), the
Harderian secretions of hamsters are sexually dimor-
phic, and in females, change in composition through-
out the oestrous cycle, while those of gerbils are also
involved in the signalling of sex, as well as being
important for status. However, future research is
needed to resolve these issues for rats.

One other issue still needing to be resolved for the
purposes of this project was the reliability of the scor-
ing system. Although the detection of subtle treat-
ment effects, and the finding of individually consistent
levels of responding, both argued for this, inter-
observer reliability still needed to be measured for-
mally. This was the objective of the final experiment.

Experiment 4: Is There Inter-observer
Reliability in Chromodacryorrhoea
Scoring?

Methods

A new population of 59 Lister Hoodeds was used for
this study, containing both males and females, and

The relationship between rat social status and mean chromodacryorrhoea scores

on standard, non-experimental days in the colony

Sex (no. of cases in which there
was a clear ranking within the cage)

Dominant
(mean score/day = SD)

Subordinate
(mean score/day = SD)

F(n=5)
M(n =3)

.06 0.23 = 0.04
0.33 = 0.08
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housed in 17 cages in groups varying between two
and six in size. The new subjects were nine months
old at the start of this study. Over a period of eight
weeks, on 12 occasions, all 59 rats were scored twice
within a 90-minute period, once by each of two
independent scorers. One was always GM; the other
was DW 10 times and a trained graduate student on
the other two occasions. A mean score for each rat
was obtained for the observer GM, and for the other
observers’ pooled values, and the relationship
between the two sets of scores was tested with a
regression.

Results

The mean daily scores for each rat as assessed by
one observer correlated significantly with those
assessed independently by another; F1,57 = 45.22,
p < 0.0001, R2 = 0.43.

Discussion

These data confirmed that when the scoring
method was used independently by two trained
observers, it yielded similar results.

Despite the high significance, the scores from one
observer admittedly explained less than half the
variance in the scores by the second observer.
However, some informal comparing of results sug-
gested that this was because within each 90-minute
interval, rats’ real levels of chromodacryorrhoea
could actually change by the equivalent of a score or
two. It was thus felt that the concordance between
two observers would have reached much higher lev-
els if the animals could always have been double-
scored within a much shorter time interval. Again
informally, it was also noted that, perhaps unsur-
prisingly, observers tended to score faster, and to
agree with more certainty, when scores were 3 or 4,
i.e. when any chromodacryorrhoea present was
fairly conspicuous.

Conclusions

Severe, conspicuous forms of chromodacryorrhoea
have long been used as qualitative signs of stress.
Our data show that subtle, low-level, transient
Harderian secretions in normal, healthy rats simi-
larly convey information about stress and distur-
bance. Furthermore, they can be scored in a way
that allows ready statistical analysis and that gives
significant inter-observer reliability.

Clearly, some more work is now needed to more
fully validate this approach. We need a more funda-
mental understanding of the control and the func-
tion of Harderian secretions in rats, and we need
fuller data on the factors that elicit a response and

those that do not to assess the specificity of its rela-
tionship with stress. The scoring methods could
also, perhaps, be refined. For example, as long as
they did prove aversive to the rats, ultra-violet
“Wood’s lamps” could possibly be used to increase
the detectability of the Harderian secretions, as
porphyrins fluoresce coral pink under long-wave
UV (10, 29, 30). Overall, however, our results sug-
gest that, even without this, chromodacryorrhoea
scoring has real potential for non-invasive stress
assessment in rats to monitor subtle changes in
housing and husbandry as well as the impact of
experimental procedures.
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