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Organ weights in rats with activity-stress ulcers

WILLIAM P. PARE
Veterans Administration Hospital, Perry Point, Maryland 21902

Rats were housed in activity cages and fed 1 h daily. When these rats died, wet and dry weights were
obtained for adrenals, spleen, liver, kidney, heart, stomach rumen, and stomach body. Most activity rats, as
compared to food-yoke control and home-cage control rats, had lesions in the glandular stomach. Adrenal
and heart weights suggested that activity rats had been subjected to some degree of stress. Characteristic
starvation effects, such as rumenal lesions and edema of stomach tissue, were not observed in activity rats.

Glandular lesions occur in rats which are housed in
running wheel activity cages and fed only 1 h each day
(Paré, 1974, 1975; Vincent & Paré, 1976). Rats which
are exposed to this regimen will die within 3 to 10 days
and reveal lesions in the glandular stomach when
autopsied. Control rats which are housed in standard
cages without activity wheels and are fed the same
amount of food as the activity rats do not die and are
ulcer free. Since starvation induces stomach lesions in
the rat (Paré & Temple, 1973, Peters, 1967, Pfeiffer,
1970), the possibility existed that the lesions observed in
activity rats were the result of the restricted feeding
schedule. However, in a later study (Paré¢, 1975), control
rats consumed the same amount of food as activity rats,
and these control rats did not develop lesions.

Prolonged fasting in the rat has a number of
characteristic effects on various organ systems. Rumenal
lesions (cardiac stomach) and edema are commonly
observed as a result of starvation (Pfeiffer, Dembro, &
Muller, 1966). The water content of the stomach tissue
increases as a function of starvation (Peters, 1967).
Some organs, notably liver and spleen, lose weight at a
faster rate than total body weight, whereas adrenal and
stomach rumen show a relative increase in weight as
fasting continues (Peters & Boyd, 1966). The weight of
some organs, such as the heart and kidney, decreases
at the same rate as total body weight during starvation
(Peters, 1967). These studies show that in addition to
rumenal lesions, starvation has typical effects on
different organ systems. In the present study, rats were
exposed to the activity-stress procedure and various
organs were subsequently weighed to determine if the
characteristic starvation effects were present in these
animals. The study was performed to détermine the
extent to which activity-stress animals resembled starved
animals and to further assess the impact of restricted
feeding on the development of the activity-stress ulcer.

METHOD

Subjects

This experiment used 90 male Sprague-Dawley rats
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(ARS/Sprague-Dawley, Madison, Wisconsin) weighing 187-209 g
at the beginning of the study.

Apparatus

Cages were standard running wheel activity cages (Wahmann
Manufacturing Co., Baltimore, Maryland). Each activity wheel
was equipped with an adjoining cage measuring 25 x 15 x 13 cm.
A sliding door separated the cage from its adjoining wheel. Wheel
revolutions were recorded for each cage by an Esterline-Angus
strip-chart event recorder and by digital counters. Room
temperature was controlled at 74-75°F, and daylight conditions
were artificially maintained between 6 a.m. and 6 p.m.

Procedure

Rats were equated on the basis of body weight into three
groups: an activity group, a food control group, and a home-
cage control group. Activity animals were individually housed
in activity cages. Food control and home-cage control rats were
individually housed in standard single laboratory cages. The food
control animals were located in the same room with the activity
animals, whereas the home cage animals were situated in one of
the laboratory’s animal colony rooms which had temperature
and lighting conditions similar to those in the activity wheel
room. During a 5-day cage-habituation phase, all rats had contin-
uous access to food (granular Purina Rat Chow) and water. The
doors in the activity cages were closed, thereby preventing entry
into the wheel portion of the activity cages. On Day 6, food was
withdrawn from activity rats at 9 a.m., and the doors leading to
the activity wheel were opened, allowing access to the running
wheel. On Day 7, food was withdrawn from food control rats.
On the same day, activity rats were fed for 1 h between 9 a.m.
and 10 a.m. The amount of food consumed was measured. Food
control rats were individually matched with an activity rat, and
the amount of food consumed by the activity rat in 1 day was
subsequently fed to its food control mate on the next day. The
number of wheel revolutions was recorded daily for each activity
rat. All rats were weighed daily. Home-cage control rats had
continuous access to food during the experiment.

When an activity rat died, the stomach was removed
immediately and inspected for ulcers. The number of ulcers was
counted and extent of ulceration was determined by measuring
the length and width of each ulcer. The stomach was then
separated into two parts: the body and the rumen. These were
weighed on a Torbal analytical balance (Model EA-IAP). At the
same time that the stomach was removed, the adrenals, spleen,
liver, kidney, and heart were also removed and wet weights were
obtained from these organs. Organs were then placed in a drying
oven at 150°C for 16 h, and a subsequent dry weight was
obtained. When an activity rat died, its food-yoke control mate
and home-cage control mate were killed 24 h later, and the
stomachs and other organs treated as described above. The study
continued for 21 days. Animals still alive at this time were killed
with ether, and wet and dry organ weights were obtained. Dif-
ferences in organ weights between groups were evaluated by an
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analysis of variance design with a post hoc Tukey a test for
group comparisons (Winer, 1962).

RESULTS

Practically all activity rats died and revealed lesions in
the glandular stomach. Lesions were observed in only
one food-yoke control rat, and all home-cage control
animals were ulcer free. These data are summarized in
Table 1.

When compared to their pre-experimental body
weights, activity animals lost 37.0% of their body
weights by the end of the experimental period, food-
yoke control rats lost 28.9%, and home-cage control rats
gained 36.8% in body weight.

The absolute dry and wet weights for the various
organs are presented in Table 2. In this table, the organ
weights of the activity rats and food-yoke control rats
are compared to the home-cage control rats, and dif-
ferences from home-cage controls are expressed as
percent change. For both activity rats and food-yoke
control rats, adrenals showed the least change from
home-cage controls, whereas the greatest loss of both
wet and dry weights was shown for spleen and liver.

Table 3
Mean Relative Organ Weights and the Percentage of Water
in All Organs for the Three Treatment Conditions

Treatment Conditions

Activity Food Yoke Home Cage

% Body % % Body % % Body %
Organs Weight* Waterf Weight Water Weight Water
Adrenal .0347 738 .0300 72,6 .0169 70.5
Spleen 1129 76.3 1549 767 2782 778
Liver 27646  76.6 3.6916 752 5.0984 74.4
Kidney 1.0092 79.2 9425 780 8746 713
Heart 4433 751 4317 715 3781  18.6

Stomach

Rumen .2254 783 2150 783 1551  76.5
Body 4960 809 .5261 80.8 3991 779

*Measured as percent of autopsy body weight
FMeasured as percent wet weight

Relative organ weights for all three treatment groups
are outlined in Table 3. Relative weights are expressed
by percent of body weight and the water level, or
percent water for each organ. There was a significant dif-
ference between groups for the adrenals (F = 123.73,
df = 2/86, p < .001). The relative adrenal weight of
activity rats was significantly greater as compared to

Table 1 food-yoke rats (p < .01), and the adrenals of food-yoke
Summary of Stomach Pathology for the rats were significantly larger than home-cage controls
Three Treatment Conditions (p < .01). Significant differences were observed for
Mean relative spleen weights (F = 170.01, df = 2/87,
Rats p < .001). The spleens of home-cage rats were larger
With Ulcers Ulcer th 1 .
Treatment N Ulcers PerRat  Length* an the spleens of food-yoke controls (p < .01) and the
— food-yoke control rats had larger spleens than those of
Activity 30 26 14.2 4394 the activity rats (p < .01). Significant differences in liver
Food Yoke 30 1 3.7 9.42 . b F=61.04.df = 2/8
Home Cage 30 0 0 0 weights between groups (F = 04, df = / 7,p< .OQI)
reflected the pattern observed with spleen weights, with
*Millimeters
Table 2
Mean (¢ SE) Absolute Dry and Wet Organ Weights for All Three Treatment Conditions
Home Cage Activity Food Yoke
Organ Weight Organ Weight % Organ Weight %
Organ (Grams) (Grams) Change* . (Grams) Change*
Dry Weight
Adrenal .0124 + .0006 .0109 + .0003 -.12 0115 +.0003 -.07
Spleen .1614 = .0034 .0330 + .0027 -.79 .0513 + .0028 —.68
Kidney 5210+ .0109 2513 £ .0048 -.52 2865 + .0051 —.45
Heart 2118 + .0047 1192 + .0032 -43 .1361 + .0035 -.35
Liver 3.79 + .1325 .8135 + .0757 -.78 1.3143 + .0741 —-.65
Stomach Rumen .0942 + 0019 .0591 £ .0028 -.37 .0658 + .0023 -.30
Stomach Body 2313 + .0039 .1161 + .0058 -.49 1423 + 0037 -.38
Wet Weight
Adrenal .0439 + 0011 0417 + .0011 -.05 0420 + .0003 —.04
Spleen 7282 + .0155 - 1410 + .0126 -.81 2218 £ .0127 -.69
Kidney 2.293 + .0418 1.208 + .0208 -.47 1.321 + .0189 —-42
Heart 9585 + .0298 5354 + .0136 -44 6069 + .0159 -.36
Liver 13.39 + .3313 3.445 + 3103 -.74 5.275+ .2891 —-.61
Stomach Rumen .4060 + .0089 2758 + .0152 -.32 3039 £ .0116 -.25
Stomach Body 1.047 + .0182 6008 + .0194 -.43 7402 + .0164 -.29
Body Weight 2543+ 442 120.8 + 2.64 -.52 140.7 + 2.40 —.45

*Percent difference when compared to home-cage animals.



home-cage animals having larger livers than food-yoke
rats (p < .01) which, in turn, had larger livers than
activity rats (p < .01). The significant differences in
relative kidney weights (F = 25.30, df = 2/87, p < .001)
were attributable to activity rats which had larger
kidneys than food-yoke control rats (p <.01) which, in
turn, had larger kidneys than home-cage control rats
(p < .01). Significant differences in relative heart
weights (F = 19.92, df = 2/82, p < .001) were
attributable to significantly smaller weights of home-
cage animals as compared to the other two groups
(p < .01). The difference in heart weights between
activity rats and food control rats was not significant.
Activity rats and food-yoke control rats did not differ
with respect to the relative weight of the stomach
rumen, but both groups had rumens larger than those of
the home-cage animals (p < .01). The rumen water
content of all three groups was essentially the same. The
weight of the glandular stomach for food-yoke control
animals was greater as compared to activity rats
(p < .01), and the weight of the glandular stomach of
activity rats was heavier than that observed in home-cage
control rats (p < .01).

DISCUSSION

Twenty-six activity rats and one food-yoke control rat had
lesions in the glandular stomach. Rumenal lesions were not
observed. These results are consistent with previous studies on
the activity-stress ulcer (Paré, 1974, 1975; Vincent & Paré,
1976).

Adrenals were the most resistant to weight changes. Other
investigators (Peters, 1967; Pfeiffer, Dembro, & Muller, 1966)
have attributed the increase in relative adrenal weight change to
stress. If this supposition is valid, the activity rats in the present
study were subjected to more stress as compared to the other
two treatment groups.

The organs which lost weight at approximately the same rate
as the total body weight were kidney and heart. Jackson (1915)
and Peters (1967) reported similar results for the kidney, and
Beznak (1954) and Peters (1967) reported similar results for the
heart. The decrease in absolute heart weight may be due to a
decrease in functional demand (Beznik, 1954), but in the
present study, activity rats had greater relative heart weights
compared to the other groups. These results agree with Peters
and Boyd (1968) who observed that the relative heart weight
increased in rats subjected to starvation plus restraint stress.

The degree of weight loss was greater in spleen and liver as
compared to total body weight loss. Peters and Boyd (1966,
1968) have reported similar results for the spleen. Other investi-
gators (Leon, Feller, Neville, & Daligcon, 1965; Nomura, 1965)
suggested that liver weight decreases less in stressed rats as
compared to starved rats because stress stimulates hepatic
enzyme formation. This type of relationship was not observed in
this study since the relative liver weight of activity rats was less
than that observed in food-yoked control rats.

In the starved rat, the degree of stomach weight loss is less
than total body weight, and this lower rate of weight loss is due
to an increase in water in stomach tissue. Crater-like lesions in
the cardiac stomach are also characteristic of starvation. In the
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present study, lesions were not observed in the rumen of the
stomach, and a relative enlargement of the stomach was absent
in activity rats. The characteristic starvation features of the
stomach were absent in activity rats in this study.

The adrenal and heart data suggest that activity rats were
subjected to a certain degree of stress. The stomach lesions
resemble the stress ulcers reported by other investigators
(Brodie, 1971) and are not the type characteristically produced
by starvation. The spleen, liver, and kidney data do resemble
typical changes brought about by starvation, and it would be
unreasonable to conclude that reduced feeding has no input in
the development of the activity-stress ulcer. However, on the
basis of previous studies (Paré, 1974, 1975; Vincent & Paré,
1976; Paré & Houser, 1973) and the present study, it is
reasonable to suggest that the activity-stress ulcer is not a
starvation ulcer.

REFERENCES

BEzNAK, M. The behavior. of the weight of the heart and the
blood pressure of albino rats under different conditions.
Journal of Physiology, 1954, 124, 44-63.

Bropig, D. A. Stress ulcer as an experimental model of peptic
ulcer disease. In C. J. Pfeiffer (Ed.) Peptic ulcer. Philadelphia:
J. B. Lippincott, 1971. Pp. 71-83.

Jackson, C. M. Effects of acute and chronic inanition upon the
relative weights of the various organs and systems. American
Journal of Anatomy, 1915, 18, 75-111.

LeoN, H. A, FELLER, O. D., NeviLLE, E. D., & DaLiccon, B.
Stress induced stimulation of liver protein synthesis indepen-
dent of adrenal or pituitary action. Life Sciences, 1965, 4, 737-742.

NoMuRra, J. Effect of stress and psychotropic drugs on rat liver
tryptophan pyrrolase. Endocrinology, 1965, 76, 1190.

PaRe, W. P. Feeding environment and the activity-stress ulcer.
Bulletin of the Psychonomic Society, 1974, 4, 546-548.

PaRrg, W. P. The influence of food consumption and running
activity on the activity-stress ulcer in the rat. American Journal
of Digestive Diseases, 1975, 20, 262-273.

PARE, W. P., & Houser, V. P. Activity and food-restriction
effects on gastric glandular lesions in the rat: The activity-
stress ulcer. Bulletin of the Psychonomic Society, 1973, 2,
213-214.

Pare, W. P., & TempLE, L. J. Food deprivation, shock stress
and stomach lesions in the rat. Physiology and Behavior, 1973,
11, 371-375.

PETERs, J. M. Effects of absolute starvation and refeeding on
organ weights and water contents of albino rats. Growth,
1967, 31, 191-203.

PETERs, J. M., & Boyp, E. M. Organ weights and water levels
of the rat following reduced food intake. Journal of Clinical
Nutrition, 1966, 90, 354-360.

PETERS, J. M., & Boyp, E. M. Organ weights and water contents
during acute starvdtion, thirst and stress. Growth, 1968, 32,
283-286.

PrEIFFER, C. J. Gastrointestinal response to malnutrition and
starvation. Postgraduate Medicine, 1970, 47, 110-115.

PreIFreR, C. J., DEMBRO, F. R., & MULLER, P. J. Gastric
pathologic and biochemical changes induced by starvation of
weanling rats. Life Sciences, 1966, 5, 509-519.

VINCENT, G. P., & ParE, W. P. Activity-stress ulcer in the rat,
hamster, gerbil and guinea pig. Physiology and Behavior,
1976, 16, 557-560.

WINER, B. J. Statistical principles in experimental design. New
York: McGraw-Hill, 1962.

(Received for publication August 10, 1976.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




