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2.

The pocket mouse (Perognathus) 1z one of the smallest known mammals,

end is typical of & group of desert rodents that do not drink water.
Because of their small size, their ebility to survive for long periods of
time on dry food (1), their resistance to radiation (2) and their ebility
to hibernate and estivate(3), these enimals are of great interest to the
physiologist end biologist. They may be suitable tools for the study of
mammalian physiology in long space flights, for understending many aspects
of the control mechanlism of hibernatioﬁ and for studies of electrolyte and
water economy.

Because 1t produces only small amounts of excreta, this animal is
exceptlionally clean, is easy to hzndle in & laboratory, end requires
minimm care. Most laboratories (1,k) maintain these animals and related
desert rodents on mixtures of dry seeds. Apparently no semipurified diet
has been developad for them, and no report has come to our attaniion
regarding their nutritional requircments. The development of a semivurified
diet adequate for reproduction, growth and maintenance of the pocket mouse
appears necessary before most of the giudies outlined gbove can be undertaken.
Recently, Zeman (5) developed & semipurified dlet for the Mongolian gerbil

(Mariones unsuiculatus), but our studies indicate that the mutritional

requirements of the pocket mouse differ from those of that rodent.

In this communlcation wz are describing a diet edequate for maintenance
of adult pocket nice, togethar with certain unusual mineral requirenents
of the animal, found during develorment of the dlet.

METHODS AIND RESULTS

Vale and feuale adult pocked nice of two cubspseles vwere used in ocur



experiments, all trapped in the Sonora desert region of the United States:

Perognathus penicillatusa (weight at maturity, 15-25 g; trappad in the high

desert around Tucson, Arizona, elevation 3,000 f£t) and‘g. longimembris® (weight
at maturity, 7-11 g; trapped in Antelope Valley, California, elevation 3,000 £t).

The mice were kept in the laboratory for at least 30 days after arrival,
on a nmixture of seeds that had proved satisfactory for their maintenance
(1,4). The mixture is made of equal parts of sunflcwer seeds, millet, canary
seeds and oats. Some fresh carrots end letltuce were added twice a week.

The animals were housed elther in onc-gallon, clear glass jars* vith
perforated tops, or in plastic cages‘ with screen tops. The bottom of each
Jar or cege was covered with 1 tofinches of washed sand” and & emall amber
Jar was provided for & nest. The provision of sand and nest proved to be
essential for the vell being of the anirals. Clean cages and sand vere
provided monthly. The animals have to be housed individually because they
are very territorial, and do not accept other mice except during eshrus of
the female.

Lighting in the animal room was kept on & schadule similar to the outdoor
day-and-night cycle, and temperatures were maintained between 21° and 23°.

All diets had to be pzlleted. The pocket mouse does not handle powders
or moist mixtures well. TPellets §; inch to 1} inches long end approximately
% inch wide provéd satisfactory. They were madet%y pressing the wet nmixture
of ingredients through a large commercial Hobsrt Model M-80 meat grinder amd
drying on screens under an gir fan. All diets were kept under refrigeration,
in cleaed containers.

The first step in the developzent of the diet was the attenpt to feed 8
semipurified, pelleted diet used for regular laboratory mice. Table 1 lists

the composition of this basel dlet, which is a modification of that deseridbad




by Bell (6). This diet‘failed. The mice lost weight very rapidly and

died unless they were placed back on +the standard segd diet before the

velght loss reached about 25% of their original body weight (table 2).

Various modifications were tried, to find out which portion of the diet

vas causing the problem. Diets were prepared containing one of the

following changes: increases of fat, protein or vitamin content, decreases of fiber
or mineral content, replacement of casein by soy protein, of corn oil by

sunflover oll, of corastarch by glucose, or of sucrose.by cornstarch. All of

the modified dlets failed.

When, hovever, the basal diet was supplemented with fresh carrots ad
libitum, the mice did well. We are assuming that the carrots served as
& vehicle of water because carrots, extracted with petroleum ether end
water and autoclaved to remove as many of the micromutrients as possible,
served as well as untreated carrots. Lyophilized carrots were ir-flective
in improving the performance of the basal diet to any noticeable extent.

The addition of 5 to 10% carrot powder to the basal diet was alsgo inaffective.
Only very large amounts of carrot powder (approximately 50% of the diet) were
effective. The composition of this diet was, hovever, §0 different from

that of the original, thot it can no lonzer be considered as modification of
the bagal diet,

Since pocket mice thrive for long periods of ti..e on sunflower seeds, it
wvas decided to study which fraction of this seed wags responsible for the
success of the natural diet, Sunflover meal was fractionated into: 1) ether
extract (lipids and oil-soluble ingredients); 2) protein-mineral-carbohydrate
residue of ether extraction; 3) fraction 2 after heating to destroy heat-
lebile vitamins; &) protein (fraction 2 extracted by rcans of diluted HaCl

solution); 5) esh. Each fraction was then used separately as the appropriate




‘part of the basal diet (table 1) with the other ingredients left unchanged;

The diets containing the fat extract (fraction 1) instead of corn oil,
end in vhich casein was replaced by the protein (fraction b4), failed. The
residue of the fat extraction, both before and after heat treatment (fractions
2 and 3), produced a very satisfactory diet when used in the basal diet.

"Ash,(fraction 5) used at a level of 5% in place of ths original salt mix,
produced a diet that was more satisfactory than the basal diet. The animals
did fairly well on thls diet for two or three times as long as on the basal
diet, but after 7 to 10 weeks, this diet also failed. These results indicated
that the mineral composition of the diet was responsible for its success or
failure.,

An analysis of the sunflower meal showed that the seeds have & high
potassium and a loy sodium content, and contain & large amount of megnesium
and little calcium as compared with Bell's mouse diet. The total phosphorus
is also quite high (table 3).

Salé mixes imitating this natural mineral composition were prepared,
and used in the basal diet (table 4). Even though the correct K/ﬁa and
Mg/Ca ratios and concentrations, as well as a high percentage of phosphorus
were used, welght losses and death occurred in the same vay as with the
‘basal diet. ‘

. AOlE . Atery

Various modifications of the diet described in table L were tried.

The ratios and concentraticns of calelum, magnesium, potassium and sodium
were varied and different proportions of chlorides, sulfates and citrates
were used. All these modifications failed.

Finally success was achleved when the inorganic phosphates were

replaced by organic phosphates in the form of glycervophosphates of calcium




magnesium and sodium.

Table 5 shows the composition of the diet that has pro&ed successful
in maintaining weight, good appearance and a normel behavioral pattern in
adult P. penicillatus end P. longimembris. Over 100 animals have been kept
on this diet in our leboratory for over 6 months.

Two groups of aninals, one on the seed diet and one on the semipurified
diet, were autopsied after 2 months. The gross-appearance of the organs
wvas normal, and organ size uis the same in the two groups (table 6).
Microscopic examinati6n showed that the kidney, liver and intestinal‘mucosa
of animals in both groups were histologically esseatially normal. The
analyses of the carcasses showed that the animals In these two groupsbdid not
differ in respect to moisture, protein, fat and ash content (table 6). A
rather great variability of fat and moisture content within each group vas
noted, vhich was due to a higher fat and lower moisture content in the
fenales compared with the nmales.

o DISCUSSION

Although the diet we have described appears to be adequate for the
maintenance of adult Perognathus,preliminary resulis indicate that it is
not adequate to support growth without supplementation with letiuce and
carrots. These supplements probably provide a source of vater which appears
to be necessary for weanling Perconathus.

We have limited our studiec to the use of glycsrophosphates as they
are easily availsble end the purpcse ¢f this research vas to develop a
practical diet. Other organic phosphates, such as the calclun and ragnesiun
inositols, may or may not be equally effective.

We &0 not yet know vwhy adult Perograthus can thrive on a diet conteining




calcium and magnesium as glycerophosphates, but not on the same diet with

these minerals present es inorganic salts. Nor is it clear vwhich of the

minerals~——calcium, magnesium or phosphorus—1is responsible for the difficulty.

The results obtained when carrots were added to the otherwlise lethal
basal diet suggest two possible alternate explanations. The minerals (or
one of them) in the form of glycerophosphates may be more readily available
40 the animals in the absence of water than are inorganic salts, and the
additional moisture in the carrots may increase the availability of the
inorganic salts. Alternately, too rmuch of the minerals pay be absorbed
vhen they are present in the inorganic form, and the mice may be able to
utilize or excrete the exesss only in the presence cf additional water.

Experiments are nov under way to study these problems.

T.
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ABSTRACT A semipurified diet has been developed for the pocket mouse

(Perognathus longimembris and P. penicillatus), swall desert rodents

that do not drink water. The key difference between‘this diet énd a
standard senipurified mouse diet 1s the mineral composition. _The

ratio of K/Na and Mg/Ca is high and the inorganic phosphates are replaced
by the calcium, magnes um and sodium salts of glycerophosphaﬁfs. The
adequacy of this diet has been shown by the waintenance of opT 1¢0
pocket mice for 6 months without weight loss, with a normal behavicral
pattern and in apparent good health. Carcass compositicn and the size
and microscopic appearance of organs were the same for animals on this

diet as compared with animals fed their customary mixed seed diet.
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TABLE 1

Composition of basal diet

(Modified from Bell (6))

Ingredient . | Vitamins _ :
g/100 g diet mg/100 g diet ‘
Casein! 22.3 ZnC0s 25.0 a
Corn starch Lhk.3 CuS0, (auhydrous) 25.0 |
Swrose 5.2 MnSO, | 25.0
Corn oil 9.0 KI 5.0
Fiber? 11.2 - Choline chloride 135.0
CaHFO, (anhydrous) 1.2 Riboflavin 0.4
CaC0,4 2.5 Thiamine hydrochloride 0.3
NaCl 1.3 Niacin 0.3
KC1 0.L Pyridoxins hydrochloride 0.1
Mg50, . TH,0 0.1 Folic acid 2.t
Fe ciltrate 0.1 Biotin 0.01
' Inositol 0.1
PABA 1.2
Pantothenic acid 0.9
Menadione 10.0
DL->-Tocoph=rol acetate 6.0
Vitamin B, 0.5 ,,2/100 g diet
Vitamin A £0 - IU/100 g diet
Vitamin D ' 20 1U/100 g diet

}Vitamin-free casein, General Biochemicals, Chegrin Falls, Ohio.

\
2Solka-Floc, Browvn and Company, 733 Third Avenue, MNew York. }
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TABLE 2

Typical weight loss for Perognathus penicillatus and P.

Jongimembris on basal diet

Species Weight after days on diet
1 7 Uy 21 28
{e)

P. penicillatus 20.0 16.0 13.8 13.8 died

P. longimembris 8.8 8.0 6.2 5.2 died




Mineral composition of sunflower meal

(g/100 g)
Ash? Whole meal

Na 0.22 0.01

K 17.2 0.8

Ca 28 0.1

Mg 10.1 0.5

Fe 0.1 0.005
o - 0.1 %
S0, - 0.2
P,05 -- 1.9

1Ash approximately 5% of meal;
?the cations were determined in the ash, the anions
were determined in the meal because of possible losses

during ashing.
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TABLE L

Typical salt mix used to sinulate the

composition of sunflower m-aal

(2/100 g diet)

NaCl 0.03
KC1 0.20
K,HPO, 1.36
MgS0, (anhydrous) 0.65
MgHPO, 3.1
CaHFO, 0.15
Fe-citrate 0.025

Same trace minerals as in Bell's salt mi- (Table 1)
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TABLE 5

Composition of. semipurified diat for Perognathus

Diet ingredients

(g/100 g dict)

Soy protein? 22.0
Corn starch 62.2
Corn oil 10.0
Fiber® 7.0
Gum arabic® .3.8
Vitanin miz* 2.0
Na-glycerophosphate® 0.30
KC1 0.60
Ca~glycerophosphate® 0.60
Mg-glycerophosphate® 1.L8
MgS0, 0.30
Fe-citrate O;Oh

.

(rg/100 g diet)

£

ZnC0, , 25.0
CuS0, (anhydrous) 25.0
¥nSO, 25.0
KL : ‘ 5.0

1Soya assay protein, Gencral Biochomicals, Chagrin Falls, Ohio.
®Solka-Floc, Brown and Company, 733 Third Avenuve, MNow York.
®S. B. Penick and Corpany, 100 Church Strosct, N-w Yorl.

“See Table 1.
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