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Mathematical correlation between villus height and
the nutritional state in Sprague-Dawley rats

J L Zambonino Infante, JM Rouanet, P Besanqon

Abstract
Three different experiments were carried out
on growing male Sprague-Dawley rats. In the
first experiment, dietary nitrogen was given in
casein at four different protein values ranging
from 5 to 16%. Rats were fed ad libitum for 21
days. In the second experiment, which lasted
17 days, animals were given three diets that
differed in the molecular form of the nitrogen
supply - that is, proteins or peptides. The
protein value (NX6.25) was 10% in each diet.
In the third experiment, malnourished rats
were refed diets with a protein value of 15%
(NX6-25) for eight days. The dietary nitrogen
was either in the form of protein, peptide, or
amino acid. Body weight was recorded daily.
At the end of each experiment the intestinal
villus height was measured by light micro-
scopy. Data were statistically analysed by
Exner's coefficient. The results assessed the
validity ofthe correlation between vilius height
and gain in body weight.
(Gut 1993; 34: 1066-1068)
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One of the important problems in nutrition is to
determine how animals respond and adapt to a
new diet. They must adapt to various nutritional
conditions, particularly to the value, nature, and
molecular form of the nitrogen in the diet to
survive. The quality of nitrogen supply in food-
stuffs is generally assessed by nutritional indices
such as gain in body weight and how effectively
protein is digested. Morphological measure-
ments and enzyme activities carried out on

intestinal mucosa are another good method of
assessing dietary nitrogen quality. Changes in
villus and microvillus height are relevant to such
an adaptive response. i' Some authors' have
emphasised the use of mucosal enzyme activities
- that is, those of disaccharidases and leucine
aminopeptidase - as indicators of dietary protein
quality. On the other hand, assessment of
morphological changes has more often been used
in the diagnosis and assessment of intestinal
pathology"'0 or in studies on intestinal develop-
ment during fetal life." Finally, King et al,'2 have
pointed out a trophic effect of the dietary
nitrogen value on mucosal growth, triggering off
an increase in villus height.
The villus height depends upon two factors;

firstly on cellular multiplication and differentia-
tion from the crypts; and secondly on the
migration of mature cells along the villus axis,
accompanied by the cellular shedding from the
apex. The regulation of these factors is widely
considered to be the way in which the small
intestine adapts to nutritional demands. 13-'7
Nevertheless it remains to be verified whether
villus height is relevant to the previous dietary

history - that is, nitrogen supply quality - and
whether it depends on body weight at the time it
is measured.

This study aimed at working out a simple
mathematical correlation between the villus
height and gain in body weight in rats adapted to
different experimental conditions.4819

Methods

ANIMALS AND DIETS
Three experiments were carried out. These
differed not only in duration but also in the
molecular form in which the nitrogen was sup-
plied (protein, peptide, or amino acid). These
experiments were performed on Sprague-
Dawley rats (Iffa Credo, France).

Experiment I
Growing male rats weighing mean (SEM) 114 (2)
g, were divided into four equal groups of six
animals according to the average body weight.
They were fed ad libitum isocaloric diets with
increasing protein values (5, 8, 10-5, and 16%);
the dietary nitrogen was supplied by casein. The
composition of the diets has been previously
published.4 The experiment lasted for 21 days.

Experiment 2
Fifteen male rats, 25 days old, and weighing 80
(4) g were divided into three equal groups. They
were fed isocaloric and isonitrogenous diets
(1-6% N - that is, 10% concentration protein)
containing either casein (control group), bovine
plasma protein, or an enzymatic hydrolysate of
these proteins containing 75% of dipeptides and
tripeptides. The experiment was carried out over
17 days. Experimental diets have already been
described. 18

Experiment 3
Twenty growing male rats were submitted to 15
days protein malnutrition (2-4% protein con-
centration, supplied by casein) and were then
randomly distributed to four equal groups of five
animals weighing 105 (5) g. On day 16, they were
given isocaloric and isonitrogenous diets (2-4%
N - that is, 15% protein value) containing either
casein, blood protein, an enzymatic hydrolysate
of these proteins (see experiment 2) or an amino
acid mixture equivalent to blood proteins, as the
sole nitrogen source. Twenty other rats were
submitted to a 15 day period of protein-calorie
malnutrition and were then distributed to four
equal groups of five animals (81 (2) g) and
subjected to an identical diet. The refeeding
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Mathematical correlation between villus height and the nutritional state in Sprague-Dawley rats

Experimental data and characteristics ofthe estimations given by the model (values, mean
(SEM))

Y reliable Body
Point Experiment Body weight Yexp Yth Yexp-Yth interval weight
no number gain (glday) (pm) ([tm) ([pm) (p<OO5) (g)

1 3 0-06 (0-00) 389-7 364-9 24-78 362-89-366-94 107 (3)
2 3 1-40(0-20) 484-9 469-3 15-59 451-20-487-40 116(3)
3 2 1*77 (0-20) 443-0 488-2 -45-22 470-15-506-29 112 (4)
4 1 1-86 (0-28) 488-0 492-4 -4-40 474-45-510-35 157 (6)
5 3 2-20 (0-40) 508-4 507-0 1-45 489-68-524-21 123 (6)
6 3 3-30 (0-40) 563-7 543-6 20-13 529-30-557-86 107 (5)
7 3 3-30 (0-40) 526-3 543-6 -17-28 529-30-558-36 131 (2)
8 1 3-32 (0-40) 550-0 544-1 5-87 529-90-558-36 183(8)
9 2 3-78 (0-52) 593-0 556-0 37-05 542-61-569-28 149 (8)
10 2 4-18 (0-27) 568-0 565-0 2-97 552-10-577-96 155 (5)
11 1 4-54 (0-38) 573-0 572-4 0-60 559-51-585-28 208(8)
12 3 6-10 (0-20) 575-9 597-7 -21-84 582-15-613-33 130(3)
13 1 6-15(0-42) 581-0 598-4 -17-41 58268-614-14 248(8)
14 3 7-40(0-40) 651-4 613-2 38-24 593-69-632-63 140(6)
15 3 8-70 (0-10) 603-8 625-2 -21-42 601-76-648-68 175(6)
16 3 9-10 (0-40) 628-6 628-4 0-19 603-77-653-05 153(5)
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Figure 2: Relation between body weight gain and villus height
measured in each dietary group at the end ofeach experiment.

periods lasted for eight days. The composition of
the diets has been reported. 19 In each experiment
the animals were kept in individual metabolic
cages at a constant temperature (25 (1)°C) with a
12 hour dark-light period and free access to
water.

EXPERIMENTAL DESIGN
At the end ofeach experiment rats were killed by
cervical dislocation and the abdomen was opened
immediately. The procedure described below
was carried out at 4°C. The intestine was
removed, intact from the pylorus to the ileocecal
valve, and a standard jejunal segment consisting
of the portion between 30 and 45 cm distal to the
Treitz's ligament was excised. After flushing
with ice cold saline, 1 cm specimens were taken
from the beginning of the segment in all cases,
fixed in Bouin's solution, embedded in paraffin
wax, cut perpendicular to the longitudinal axis,
and stained with haematoxylin and eosin. The
length of the villi was measured by light micro-
scopy (Nikon 104 equipped with a projector). All
rats were killed between 1400 and 1600 hours to
prevent circadian variations.

CALCULATIONS AND STATISTICS
Several regression models were tested. Their
validity was evaluated by the following: (a)
analysis of variance (ANOVA), which gives
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Figure 1: Relation between body weight and villus height in
rats at the end ofeach experiment.

the significant difference in regression on the
horizontal or vertical axis. The regression will be
greater as the difference becomes significant; or
(b) the coefficient ofcorrelation, which expresses
the intensity of the relation between the experi-
mental points as follows:

R2= 1 X(Yexp-Yth)2
X(Yexp-Ym)2

(c) Exner's coefficient,20 which assesses the
degree of adjustment of an experimental distri-
bution to fit a theoretical model. This coefficient
is more sensitive than the correlation insofar as it
tests the theory as a whole - that is, both the form
of empirical function and the values of the
parameters. The model will be valid if 0<0 5;
Exner's coefficient is calculated using the follow-
ing formula:

I(Yexp-Yth)2 n
02= X

I(Yexp-Ym)2 n-p
Where: Yexp=experimental height; Yth=
theoretical villus height; Ym=villus height
average; n=data couple number (x,y); p=
adjustable parameters number.
And where: 0<0-02=very good agreement;

0<0 1=good agreement; 0<0-2=fair agree-
ment; 0>0 5 =pattern to dismiss.

Results and discussion
The Table shows experimental data. Figure 1
shows possible association between animal body
weight and villus height. The ANOVA for the
different models of regression tested2' 22 is very
explicit. The points distribution is not signifi-
cantly different from a horizontal line and a
relation between the villus height and the body
weight cannot therefore be considered in this
body weight range. On the other hand Fig 2
shows a well ordered point repartition, signific-
antly different from a horizontal line; the
selected mathematical example for this reparti-
tion is a hyperbolic graph2' 22 described by the
following equation:

aX
Y= +c

b+X
Where: Y=villus height (>im); X=body weight

H.00X.Vt
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gain (g/day); a=365-33; b=3-20; c=358 20 and
with: R=0-944 and 0=0-366.
With such indicators (R and 0) the hyperbolic

model is well validated. The coefficient of
correlation value is good, considering that we
tried to get a mathematical relation from a
physiological response. Exner's coefficient con-
firmed the pattern validity as its value shows fair
agreement between the theoretical equation and
the experimental data points. Moreover, this
model has the advantage of giving, by means of a
simple calculation: (i) a minimal villus height
(about 358 rum), which related experimentally to
protein malnutrition, (ii) a limit to villus growth
reaching about 710 im as maximum height
related experimentally to a protein value of 20%,
or higher. This study justified the use of villus
height as an indicator of the nutritional state in
rats. Indeed, villus height was mathematically
correlated to daily body weight gain, another
indicator of nutritional state, and was indepen-
dent of body weight, which is an indicator of the
state of development. It is proposed that this is a
new, complementary criterion to use.

The authors acknowledge Dr Christian AIMAR for his helpful
criticism in the statistical processing of experimental data.
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