
2

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ,  C a m b r i d g e ,  M a s s a c h u s e t t s

* A d d r e s s  c o r r e s p o n d e n c e  t o :  M o l l i e  U l l m a n - C u l l e r Ž ,  C e n t e r  f o r  C a n c e r

R e s e a r c h ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ,  B u i l d i n g  E 1 7 - 2 2 5 ,  7 7

M a s s a c h u s e t t s  A v e n u e ,  C a m b r i d g e ,  M A  0 2 1 3 9 .

 

P r e s e n t  a d d r e s s :  O a k  R i d g e  N a t i o n a l  L a b o r a t o r y ,  L i f e  S c i e n c e s  D i v i -

s i o n ,  B e a r  C r e e k  R o a d ,  O a k  R i d g e ,  T N  3 7 8 3 1 .

Practical, rapid, noninvasive methods for assessing health

s t a t u s  a n d  e s t a b l i s h i n g  e n d p o i n t s  a r e  n e e d e d  i n  m o u s e  e x -

periments in which wasting and death are a potential end-

p o i n t ,  i n c l u d i n g  a g i n g  a n d  t o x i c o l o g y  s t u d i e s ,  a s c i t e s

p r o d u c t i o n ,  a n d  p h e n o t y p e  a n a l y s i s  i n  m u t a n t  m o u s e  c o l o -

n i e s .  C u r r e n t  m e t h o d s  f o r  a s s e s s i n g  t h e  h e a l t h  s t a t u s  o f  a

m o u s e  a n d  e s t a b l i s h i n g  e n d p o i n t s  m i g h t  i n c l u d e  o b s e r v a -

t i o n  o f  b e h a v i o r ,  a s s e s s m e n t  o f  p h y s i c a l  a p p e a r a n c e ,  a n d

measurement of body weight (BW). Behavioral parameters

i n c l u d e  o b s e r v a t i o n  o f  u n p r o v o k e d  b e h a v i o r  a n d  r e s p o n s e s

to external stimuli. Classic changes in physical appearance

i n c l u d e  e x o p h t h a l m i a  o r  e n o p h t h a l m i a  ( b u l g i n g  o r  s u n k e n

eyes, respectively), nasal or ocular discharge, rough coat, and

hunched back. These observations, as well as additional ones

p a r t i c u l a r  t o  a n  e x p e r i m e n t a l  p r o c e d u r e  o r  t o  t h e  g e n e t i c

makeup of an animal, have been suggested as standard indi-

c a t o r s  o f  i l l  h e a l t h  ( 1 Ð 4 ) .  T h e s e  c l i n i c a l  i n d i c a t o r s  c a n  b e

scored as degree-of-deviation-from-normal, thereby allowing

an animal to be monitored over time as health declines (1Ð

4 ) .  D e c r e a s e d  f o o d  a n d  w a t e r  c o n s u m p t i o n  i s  a n  i m p o r t a n t

s i g n  o f  d e t e r i o r a t i n g  h e a l t h  ( 4 ) ,  w h i c h  g e n e r a l l y  r e s u l t s  i n

l o s s  o f  B W ;  s u p p o r t  f o r  u s i n g  w e i g h t  l o s s  a s  a n  i n d i c a t o r  o f

p o o r  h e a l t h  i n  r o d e n t s  c o m e s  f r o m  t h e  s t u d y  b y  R e d g a t e  e t

al. (5). They determined that 7 or more consecutive days of

w e i g h t  l o s s  i n  c e n t r a l  n e r v o u s  s y s t e m  t u m o r - b e a r i n g  r a t s

correlated well with irreversible progression to death. How-

ever, Beynen et al. (2) found that observation of behavior and

physical appearance was largely ineffective for discriminat-

i n g  b e t w e e n  g a l l s t o n e - b e a r i n g  m i c e  a n d  h e a l t h y  c o n t r o l s ,

and weight loss was significantly different between the two

groups of mice for the males but not the females. They con-

c l u d e d  t h a t  r e s p o n s e  t o  p a l p a t i o n  o f  t h e  r i g h t  h y p o c h o n -

d r i u m  ( i . e . ,  s i g n s  o f  a  p a i n f u l  r e s p o n s e )  w a s  t h e  b e s t

indicator of gallstones for males and females.

T w e n t y  p e r c e n t  l o s s  o f  r o d e n t  B W  o r  p r o l o n g e d  w e i g h t

loss (progressing to an emaciated state) are generally estab-

lished criteria for euthanasia (3, 6). However, there are prac-

tical problems with the measurement of BW, which may not

y i e l d  a n  a c c u r a t e  m e a s u r e  o f  f a t  s t o r e s  a n d  m u s c l e  m a s s ,

b e c a u s e  r e d u c t i o n  o f  f a t  s t o r e s  a n d  m u s c l e  m a s s  ( a s  m e a -

sured by BW) is masked if weight loss is displaced by tumor

growth, organ enlargement, or intraperitoneal fluid accumu-

l a t i o n .  F u r t h e r m o r e ,  t h e  r e f e r e n c e  w e i g h t  o f  a  h e a l t h y

mouse will vary according to sex, age, body frame size, and

in females, pregnancy status. Scoring body condition (BC) by

observing the amount of flesh covering bony protuberances

i s  l a r g e l y  i n d e p e n d e n t  o f  t h e  a f o r e m e n t i o n e d  c o n f o u n d i n g

v a r i a b l e s .  T h e  t e c h n i q u e  o f  B C  s c o r i n g  a s  a  m e t h o d  f o r

e v a l u a t i n g  a n i m a l  c o n d i t i o n  a n d  n u t r i t i o n a l  s t a t e  h a s  a l -

r e a d y  b e e n  v a l i d a t e d  f o r  u s e  i n  d a i r y  c o w s  ( 7 Ð 9 ) ,  b e e f  c o w s

(10), goats (11), sheep (12), and horses (13). In cows, BC score

correlates with the amount of subcutaneous fat stores (7, 10)

and nutritional status (14). Additionally, abnormal loss of BC

was found to be an indicator of mastitis in dairy cows (15).

Our goals were to evaluate the accuracy of the BC scoring

technique in assessing the health of mice that have organ en-

largement concurrent with declining health; compare the accu-

racy of this method with that of using BW for assessing health

status in these animals; and determine the interobserver reli-

ability of the BC scoring technique. P- and E-Selectin double

d e f i c i e n t  ( P / E

- / -

)  m i c e  w e r e  c h o s e n  f o r  t h i s  s t u d y  b e c a u s e

they are susceptible to opportunistic bacterial infections and

a s  t h e i r  h e a l t h  s t a t u s  d e c l i n e s ,  t h e i r  s a l i v a r y  g l a n d s ,  m a n -

d i b u l a r  a n d  s u p e r f i c i a l  c e r v i c a l  l y m p h  n o d e s ,  a n d  s p l e e n

markedly enlarge (16). Additionally, P/E

-/-

 mice have defects

i n  l e u k o c y t e  e x t r a v a s a t i o n  a t  s i t e s  o f  i n f l a m m a t i o n ,  a n d

their white blood cell (WBC) count is known to increase with

declining health (16, 17). For evaluating the health status of

t h e s e  m i c e ,  w e  u s e d  t h e  t e c h n i q u e s  o f  B C  s c o r i n g  a n d  B W .

White blood cell count and adjusted body weight (ABW: BW

minus the mass of tissues prone to enlargement with declin-

i n g  h e a l t h  i n  P / E - / -  m i c e ,  t h e  s a l i v a r y  g l a n d s ,  m a n d i b u l a r

a n d  s u p e r f i c i a l  c e r v i c a l  l y m p h  n o d e s ,  a n d  s p l e e n )  w e r e  s e -

l e c t e d  a s  a d d i t i o n a l  i n d i c e s  a g a i n s t  w h i c h  t o  e v a l u a t e  t h e

accuracy of BW and BC scoring for assessing health.

Animals:  Female and male P/E -/- mice with a mixed 129/Sv
x C57BL/6 background were evaluated. This genetically al-
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Figure 1.  Line drawings and descriptions of body-condition (BC) scoring.

Note
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In this study, BCS was documented to correlate to the se-
lected index of the health status (WBC count) in the male and
female experimental groups, proving BC scoring an accurate
indicator of health status. In the male mice, WBC count was
also documented to correlate well with BW. In contrast, for the
female mice, a nonsignificant correlation between WBC count
and BW indicated that BW was uninformative for monitoring
the health status of female mice with enlarged organs or dis-
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