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Summary

Experiments were conducted with chicks and pigs to determine whether the sparing eftects of
cobalt {Ca) or nickel (Ni} onzinc (Zn) nutrition were due to an improved Zn avallability. They included
a Zn talance study with New Hampshire X [eghorn cross chicks, a %zn alisorption study with Ancona
ehicks and a S 7n halance study with pigs. The basal diet was a corn-soybean type diet high in calcium,
In the Zn balance study with New Hamnpshire X Leghorn cross chicks, Zn retention percentages for
hasal, + 54 ppm Ni or + 54 ppm Co were 394,404 and 48 3, respectively. In the 8 7n atsorption
study with chicks, adding ihese levels of Ni or Co to the basai diet increased Son ahsarptian fram
12.8% 10 14 0% and 15.1%, respectively. Supplemental Ni and Co increased the proportion of hady
€ Zn found in liver and bone. With the pig experiment, 7 n retention percentages e basal, + 54 ppm
Ca and + 60 ppm Zn groups were 20.0, 26.7 and 12.2, respectively; while Zn retention values (mg) in
the body were 29.5, 45,1 and €0.5, respectively. In addition, supplemental Co increased 851 concen-
tration in the bload, liver, kidney and duodenum. These studies showed that supplementaticr of the
basal diet with Cc resnlted in increased ahsorption of dietary Zn in chicks and pigs. The effect af Ni
in chicks was less than that of Co. The ability of sapplemental Ca and ta a lesser extent of Ni ta im-
prove weight gain as well as reduce ather Zn-deficient signs in hoth species fed a practical com-soybean
type diet high in calcium can be explained, at least in part by an associated increase in Zn absarption.

The possible mechanisny involved in these effects are discussed.

{Key Words: Ni or Co an Zn Availability)

Introduction

Studies in vitro of zinc metalloenzymes have
shown that ccball or
zinc in numerous purified zinc metalloecnzymes
and in viva cobalt can replace zine in the D-lactic
dehydragenase of yeast (Curdel, 1966), alcohal
dehydrogenase of yeast (Curdel and Iwatsuba,
1968), and the RNA rolymerase of E. coli
(Speckhard ¢t al, 1977).1n animal expcrimerlts4'6,
supplements of cobalt or nickel have improved
weight gain and alleviated other zinc deficiency

nickel can substitute for

IpPresented in part at the anonal meeting of the
Federation of American Socicties of Experimental
Bialogy and published in abstract form in lFederation
Praceedings (ADstr.) 37:668, 1978,

2Address reprint requests to Dr. A, S, Chung, Depart-
ment of Biology, Kcrea Institute af Technalogy, Tacjon
300-31, Kocea.

3pepartment of Bioiogy, Karea Institute of Techno-
logy, Tagjen 300-31, Karea.

Received January 21,1988

Accepted July 26,1988

81

signs in pigs and chickens fed carn-soybcan type
diets cantaining a high catcium level of 1.3 and
1.5% respectively, Such sparing effects of cobalt
on zinc nutrition could not be demonstrated in
chicks fed a normal calcium, semipurified dief
{Hoekstra, unpublished data) nor were the effects
shown for cobalt or nickel in the case of rats fed
a semipurified diet of 0.7 cr 1.2% calcium content
(Chung, unpublished data). These results indicated
that differences in the ability of cobalt or nickel
to spare zinc in animals were probably due to
variations in diet rather than species. Because
supplemental cotalt or nickel increased zinc
content in lissucs of pigs, especially in the scmms,
it seems Likely that in animals fed certain types of

“Dahmer, E. J. (1969) Nufritional factors affecting
7in¢ availahility in the pig. Ph D. Thesis, University of
Wiscansin, Madison, GSA.
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diets cobalt or nickel exert their effect by increas-
ing zinc availability rather than substituting for
zinc in zinc-dependent enzymes.

In view of the above, three experiments were
conducted with chicks and pigs fo determine
whether supplemental cobalt or nickel can cause
increased zinc absorption from practical-type diets
containing 1.3-1.5% calcium. ‘The experiments
invalved an assessment of zinc balance in chicks
and the abscrption of tract doses of 83 Zn in chicks
and pigs.

Materials and Methods

Twao experiments were conducted with day-old
chicks and a third with weanling pigs. Chicks were
assigned randomly to treatments without segrega-
tion by sex and caged in a stainless steel battery
with temperatures ranging from 40°C at the start
to 32°C at the end of the experiment. Pigs were
allotted to treatments according to weanling
weight and litter. New Hampshire X Single Comb
White Leghorn cross chicks’ were used in the first
experiment, and Ancona chicks-", special inbred
line and high reguirement of Zn for fealheringﬁ,
were used in the second experiment. Clester
White and Yorkshire pigs® were employed in 1he
third experiment.

In the experiments with chicks, feed and dis-
tilled water were supplied ad fibiium in aluminum
and stainless steel troughts, respectively. The same
basal chick dict (corn-soybean type diet containing
in 1.5% calcium) as described p:evions]y" was
used. Pigs werc hcused in adjoining wooden pens
with concrete floors and received their respective
diets gd Hbipn from wooden feeders, Tap water
was available ad {ibitwm from iron troughs. The
pigs were put in metabolism crates prior to the
administration of “3Zn®, The basal diet for pigs
was described prcviouslys.

The chick experiments included seven treat-
ment groups: (1} basal; (2) basal + 54 ppm nickel;
(3) basal + 54 ppm cobalt; (4) basal + 54 ppm
nickel + 54 ppm cobalt; (5) basal + 60 ppm zinc;

6(".1mn;:, A8, M. 1. Sunde, R. H. Grummer, and W.
G. Hockstra. In preparation for Asian-Australasian J.
Anim. Sci.

Pouliry Research Laboralcry, University of Wis-
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Experimenial Station, Arlington Farm, Arlington,
Wisconsin, USA.

New Lingland Nucleaxr. Boston, Massachusetts.
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{(6) basal + 60 ppm zinc+ 54 ppm cobalt; (7) basal
+ 60 ppm zinc + 54 ppm cobalt (the amounts of
Co. Ni and Zn are equimolar). Ten New Hampshire
X Leghorn cross chicks and 15 Ancona chicks
were used in each treatment proup except for
treatment 7 in experisuent 1, in which O New
Hampshire X Leghorn cross chicks were used, and
frcafment [ in cxperiment 2, in which 13 chicks
were used. In experiment 1, chicks were fed their
respective diets for 18 days and then the combined
fcces and urine of each treatment group were
collected for three days on a sheet of aluminum
foil which was put under the wire screen of the
battery. Zinc retention was assessed by analysis for
zinc in the diet and excieta. The growth rate and
feather scores of the first experiment were report-
¢d in another paper.(’

Zn absorption studies were performed in eox-
periment 2 by the method of Heth and Hocekstra
(1965). Chicks were fcd their respective diets ad
libitum for 13 days. After a 12-hour fast, 10
chicks from cach group (except 9 chicks for
treatment 1) on a per chick basis, were offered 3 g
of their appropriate diet to which had been added
2uCi 65ZnClz. The remaining chicks (4 chicks for
treatment 1) in each treatment group were in-
jected intramuscularly into the righi thigh with
ahout 1 uCi ®2Zn per chick as 4 zinc:glycine (i:4)
al pH 7.4, Body 63 7Zn was determined in a whole
animal panuna sciatillation counter'® every 4 or §
hours initially and every 24 hours later. The
percentage of 55 Zn absorpiton was calculated as
outlined by Heth and Hoekstra {1965). Twelve
days after the ®°7n dosing, the chicks were
weighed and killed by decapitaiion. Livers, breast
muscle and libias were placed into individual
counting vials, weighed and assayed for $5Zn in
a crystal scintillation counter.’!

The Zn concentrations for individual tissucs
were corrected for differences in tody weight and
final whole body ®Zn activity using the {ollow-
ing fermula*®: corrected cpm (tissue cpm/g

1" Armac Scintiltation Detectar Model 440, Packard

Instrument Campany, inc , [aGrange, [llinnis.

Aute-Gamma Scintillation Spectremeter Model §220,
Packard Instrument Company, Inc., Downers Grove,
Minois.

Yiasrskis. F. 1., Jr. 1975, Agpects of zinc hemeo-
stasis: Effect of arginine on zinc metakolise and the
rate of intravascuiar Zn-metallothionen in chicks. Ph. D,
Uwiversily of Wiscansin, Madisan.
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tissue/tctal body cpm)x p body weight x 100.
Body weight and feather scores were ohtained
at the c¢nd of each cxperiment. Feather scores
were hased on visnal inspection and ranged from
0 for normal to 5 for severely frayed and broken
feathers as described by Nielsen (1968).

Expertinent 3 conducted with pigs involved
total collection of feces in metabolism crates to
assess the effect of dietary coball on the absorp-
tion of orally administered ®*Zn. Because the
number of metabalism crates was hmited, pigs for
these studies were represenlative of larger groups
of pigs started on diets at four different times
(referred to as replicated). Fach of the first ihree
replicates compared onc castrated male Chester
White nig from each of three freatment groups:
(1) basal, (2) basal + 54 ppm cobalt and (3) basal
+ 60 ppmn zinc, while the fourth replicate com-
pared 2 male Yorkshire pigs from each of treat-
ment groups 1 and 2 but did not include the zinc-
supplemented group. Therefore, in asscssing the
effects of cobalt, there were measurcments made
aon a total of 5 pigs per treatment group. In repli-
cates 1-4, the pigs had been fed the diets for 6,5,
11 and 3 wecks, respectively, before they were
placed in metabolism cratcs.

The metabolism crates were housed in a well
insulated and temperature comntrolled room and
were tasically of the Shinfield design {Frape ct
al., 1968). The crates were made of stainless steel
bars and galvanized metal clamps which were
coated by several layers of perma clear acrylic'3
to prevent access to zine. The floors were made
of stainless steel screen covered with plastic
screenm, the feed troughs of stainless steel and
the urine funnels of fiter glass. Mosquito net was
used at the top of the urine funnels to prevent
contamination of the urine with feces.

Pigs were put in mectabolism crates for 10 to
14 days as an adjustment period. During the
study period, the pigs in each replicate were of
similar body weights and were fed the same
amount of feed as determined by the feed intake
of the basal group.

652nCly (200 g Ci) mixed with 250 or SQ0 g
of the appropriate diet was fed to each pig after

3 perma Clear Acrytic, Borden, Inc., Columbus, Ohio.
M Neotex Rescarch Producis, Inc., Madison, Wiscon-

sin.

fasting overnight. Samples of feed were assayed
for € 7Zn in a crystal scintillation vounter to deter-
mine the ®3Zn intake. Blood samples were taken
from the jugular vein at 36,10 and 24 hours
(except for the lack of a 10-hour sample of replica-
tion 1) and at subscquent 24-hour intervals for an
additional 6 days. Moistened feed was fed for an
hour twice a day because the hasal pigs at the
moistened feed more and faster than a dry feed.
Additional distilled watcr was supplied to the pigs
at the end of feeding. Urine and {eces were callect-
ed once a day for the 7-day metabolism period.
Each day’s collection of feces in plastic bags and
the urine in plastic jars were stored at 4°C. Ten mi
urine samples were placed in scintillation vials
for determination of ®°7Zn. Feces were ground
three times with a meat grinder and after mixing,
weighed samples were placed in scintillation vials
using a 10 ml plastic syringe with the tip end cut
off. At the end of the 7-day coliection period, the
pigs were weighed, killed and the liver, kidney,
duodenum and muscle from the ham were sampled
for later determination of %°Zn. The percentage
of the °Zn intake which was present in blood at
any gtven time was calculated by assuming that
blood comprised 8 percent of the body weight.

5571 concentration in the tissues as a percent-
age of the dose was adjusted for differences in
body wcight as follows:

652 n concen tration in tissucs

55Zn/g tissue X body weight
= X 100
5571 intake

The percentage retention of Zn was calculated
for the 7-day metaholism frial as follows:
%5571 retained

total intake ®Zn — fecal 65211 — urinary 5572n

X100
total intake of $5Zn

Total Zn rctention in mg was estimaled by multi-
plying the total intake of Zn by the percentage
retention of ®*Zn, becanse stable Zn was not
determincd in the urine and feces.

Nickel, cobalt and zinc were supplemented as
carbonate salts. Diet samples were ashed over-
night al a temperature not exceeding 580°C and
were analyzed for Zn by an atomic absorption
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spectrophotometer?® accarding to standard pro-
cedure. The data were analyzed statistically using
Duncan’s multiple range test as modified by
Kramer and using the student's test (Steel and
Torrie, 1960). Feather scores were not tested
statistically since the visual inspeclion could yield
only an integer valuc,

Results

Results of the stable zine balance study with
chicks are in table 1. A supplementatian of 54
ppm cotalt to a basal diet increased the absolute
quantity of zinc retained as well as the percentage
of dietary zinc retained. Statistical analysis was
not possible because the experiment was done
with groups of chicks, not individual chicks.
Nickel added to the basal diet had little if any
effect on zinc retention while the combination of
cobalt and nickel produced results similar to
cohalt alone.

Neilther cobalt nor nickel affected zinc rcten-
tion substantially when the diet was supplemented
with 60 ppm zinc. As expected, the zinc sufficien
tly supplemented groups showed lower percentagess

TABLE 1. FEED INTAKE, STABLE ZINC RETEN-
TION AND PFRCENTAGE 7 NC RETEN-
TION FOR A 3-DAY BALANCE STUDY
WITH NEW HAMPSHIRE X LEGHORN

CROSS CHICKS (EXPERIMENT 1)

leed intake .
Zn retenticn

Teecatiment for 3 dﬂ.ys per chick & 7n~
pes chick (ug) retention
(=)

Rasal (B) 55.8 680 394

B + 54 ppm Ni 585 759 40.4

B+ 54 ppm Co 76 8 1176 48.3

R + 54 ppm Ni + 770 114] 46.4
54 ppm Co

B+ 60 ppm 7n 34.5 2937 34.0

R+ 60 ppm Zn + 80.7 2621 36.3
54 ppm Nj

B+ 60 ppm Zn + 793 2431 335
%4 ppm Ca

'S Atomic Absorption Spectraphotometer Model 403,
Perkin Klmer Carp., Norwalk, Connecticut.

of zinc retention than the zinc deficient groups
regardless of supplementation with cobalt or
nickel. However, tofal zinc retention of the zinc
sufficient group was more than twice thal of the
zinc deficient groups. Cobalt added to the basal
diet significantly (P < .05) increased weight gain
and reduced feather defccts (data presented in a
separate paper®), while nickel was incffective
according to these criteria.

In experiment 2, tue cobalt supplemented
basal dict fed to Ancona chicks, was associated
with an increased weight gain (table 2), reduced
incidence of feather defects and increased ®°Zn
absorption, Nickel produced a similar but some-

TABLE 2. WEIGHT GAIN, FEATMER SCORE AND
65zn ABSORPTION OF ANCONA CHICKS
[EXPERIMENT 2)

€S-

Weight gain Zn
Treatment for?.fl dgays Ff:;:’:' absorption
) ' (%)
Basal (B) 9959 43+2 1952130
B+S5dppmNi  125%55  31+4  232%12%
R+54ppm Co  137£7°  J3%4  241%19°
B+54 ppm Ni+ 146 +6° 6+3 217+ gb
54 ppm Ca
B+ 60ppmZn 153 £5% 1 128 +1.0°
R+ 60 ppm 7Zn+ 149 +6° 2 139+ 7°
54 ppm Ni
B+60ppm Zn+ 167 6 1 151 +1.7°
54 ppm Ca

"Mean # S.E., column means with different stiper-
scripts are sighificantly different (P << .0%).

what smaller response in these obscrvations.
Neither cobalt nor nickel affected the parameters
measured when added to the diet supplemented
with 60 ppm zinc. The zinc sufficicnt groups
showed lower (P < .05) 857n absorptions than
the zinc deficient groups regardiess of the supple:
mentation of cohalt or nickel. As shcwn in table
3 for the basal chicks, supplemental nickel and
cobalt or the combination of nickel and cobalt
tended to increase the proportion of the body
557n found in liver and bone but not that found
in muscle. A similar effect from those of cobalt
or nickel when added to the zinc supplemented
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TABLE3. %°zn CONGENTRATION OF LIVER, MUS-
CLE AND TIBIA OF ANCONA CHICKS
([EXPERIMENT 2)

Corrected cpm/p tissue (sce text)

Iiver Muscle Hane
Hasal (1) g0 +3" 4922t 12671
B+S4pom Ni 100 %29 a7+ yep +12¢
B+54ppm Co 101 #3° 43+2°  1569"
B+ 54 ppm Ni+ 105 +37 46 2% 1822%9°
54 ppm Co
E + 60 ppm Zn 69 + 5° 24£1° 314 +16°
B+60ppmZn+ 69 42° 2+1% 3502 15*
54 ppm Ni
R4 60 ppm In+ 66 +2° 25+3P 3534472
54 ppm Ca

'Mean + S.C., column means within tissues with ditfer-
ent superscripts are significantly diffesent (P < .05).

diet was observed for bone but not for liver. Zinc
sufficient groups had lower relative 6575 concen-
trations in liver and muscle (P < .05) compared
to zinc deficient groups but higher relative 657n
concentrations in bone.

In the pig metabolism studies (experiment 3,
table 4), supplementation of the basal diet with
cobalt increascd significantly (P <C .05, by the
paired student’s t test), both the total stable zinc
retention and percentage 657Zn retention. How-
cver, the increase in total stable zinc relention
was not significant by Duncan's ncw 1nultiple
range test.

Again as cxpected, supplementation with 60
ppm zinc decreased significantly (P < .05) 557n
percentage retention but [ncreased the absolute
amount of zinc rctained compared to basal and
cobalt supplemented groups. This observation
was similar to the result of the chick experiments.

Blood ®3Zn of the pigs {figure 1) was increased

TABLE 4. TOTAL STABLE 7INC RETENTION AND PERCENTAGE %°2n RETENT!ON FOR A 7.DAY
METABOLISM STUDY WITH PIGS (EXPERIMENT 1)

Stable zinc retention (mg)

S50 retention (%)

Heplication R N+ 54 ppm Ca R+&0ppm 20 B B+ 54 ppm Co D+ 60 ppn: 7Zn
1 332 413 74.4 24.1 29.3 17.]
2 24.1 30.5 413 19.0 20.7 9.2
3 293 47.0 66.0 14.3 233 10.2
44 17.8 53.8 166 0.3 -
42 43.4 53.0 - 25.9 29.3 -
Mean SE.  26.5+43%  as51% 2432 6054997 200+22P 26572207 122425°

YRow treans withip same criteria, with different superscripts are significantly different (P <C.05) according

to Duncan’s new multiple range test.

*Paired Student’s fest showed thal supplementsl Co improved significantly (P < .05) both stable Zn retention

and % %n retention (%) compared to the basal group.

dramatically as a result of supplementation of the
basal diet with cobalt. The increased blood ®%Zn
in pigs fed the cobalt supplemented diet was
evident at 3 hours and the difference between
basal and cobalt supplemented groups was maxi-
mal at about 49 hours after °5Zn oral administra-
tion. Thereafter, the curves representing the
657inc levels in bload of the two groups were
essentially parallel, 95Zn levels in blood of pigs
supplemented with 60 ppm zinc were similar to
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those of the basal proup during the first 24 hours,
but after that time the Zn levels of the zinc
supplemented groups decreased compared to the
basal graup.

Supplementation of the basal diet of pigs vath
cabalt yielded significantly (P < .0%) Increased
557n concentration in the liver, kidney, intestine
and muscle. Zinc supplementation with 60 ppm
zinc decreased the ®°Zn concentration in these
tissues as expected, because of the large isotope
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Figure 1. Amount of 832 'n the totel blood of pigs after oral administration of Zn in pigs {see

text for calculation used). Experiment 3. Bars indicate S.E.M,

dilution and the decrcased percentage absorption
of Zn (figure 2).

Discussion

Each of the experiments conducted with pigs
and chicks fed the practical-type diet high in
calcinm showed that supplemental cobalt increas-
ed zinc absorption or relention, The increased
total zinc retention found in the blance study with
chicks {(experiment 1) might be explained in parl
by the increased feed intake, However, cobalt
increased total zinc retention by about 1,73 times
and feed intake by about 1.38 times over basal,
suggesting that cobalt increased zinc availability
in addition to increasing feed intake. Fuorther
studies with Ancona chicks showed that cobalt
supplementation to the basal diet did in fact
increase %%Zn absorption. This effect has been
confirmed with New Hampshire X Leghorn cross
chicks. The effects of nickel on zinc absorption
and retention have been less consistent and less
dramatic than those with cobait, but usnally in the
same direction. It seems that nickel is less effec-
tive than cobalt in improving zinc utifization,
Improved 2zinc availability is, at least in part,
responsible for improved weight gain and reduced
feather defects causcd by caobalt, and to a lesser
extent nickel in chicks fed such diets which were
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suboyptimal in zinc content high in calcium and
comprised of conventional ingredicnts.

Pigs fed the cobalt supplemented diet showed
increased 65211 retention, a greater proportion of
the dietary 9%Zn in the bloed, and a higher 557n
concentration in liver, kidney, muscle and intes-
tine (figure 2). A metabolic study with pigs fed
a nickel supplemented diet was not performed
because the metabolistn cages were inmited and
also the stainless stecl cages contained nickel,
However, nickel has produced effects on growth
rate and skin lesions in pigs similar to, but less
dramatic and consistent, than those of cobalt,
and it seems logical, on the basis of the present
results, to ascribe this effect to increased zinc
availability.

Soft tissues have been called “high priority”
tissues for zinc by Rubiny et al, (1961) and Miller
(1973) since most soft tissucs develop a greally
increascd affinity for the available zinc when
faced with a zinc shortage. The relative *°Zn
concentration of the soft tissucs such as the
muscle has been reported to be greater for animals
fed a zinc deficient diet than those fed a nornal
diet, but the reverse was true for bonc (Heth and
Hoekstra, 1966; Kienholz et al., 1965, Miller,
1969). In thc present experiment, Ancaona chicks
fed the zinc sufficient diet showed markedly in-
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Figure 2. The °°Zn concentration af the liver,

kidney, intestine and muscle in male
pigs (see text for calculation used).
Bars indicate S.E.M.

creased Zn concentraticn in bone and reduced
Zn in liver and in muscle compared with chicks fed
a basal (marginally zinc deficient) diet. The effect
of zinc deficiency on 537n distribution in bone
and soft tissues is in full agreement with this
concept of conservation of available zinc in soft
tissue. Supplementation of nickel or cobalt rcla-
tively increased Zua concentration in liver and
bone, but slightly decreased concentration in
muscle. The result indicated that cobalt and nickel
improved zjnc avattatility by showing increased
6571 level in bone rather than muscle, which has
lower priority than bone undcr conditions of zinc
adequacy.

Supplemental cobalt improved zinc availability
in pigs more than in chicks. The remarkabie zinc
availability in pigs morc than cobalt may be ex-
plained by the difference in the absorption me-
chanisms of the iwo species which received the
corn-soyhean type dict high in calcium and which
contained substantial amcunts of phytate. The
improved availability of zinc¢ as a result of supple-
mental cobalt may be explained by the following
two mechanism: (a) cobalt may preferentially
precipitate in the intestinal lumen with calcium
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and phytate instead of zinc, thereby freeing zinc
for absarption; {b) cobalt may activate intestinal
phytase (E.C. 3.1.3.8) or substitute for zinc in
phytase. The first mechanism in which cobalt may
increase zine absorption due to precipitation with
calcium and phytate instead of zinc, was discussed
in another paper®. In the second mechanism,
increased hydrolysis of phytate may result in de-
creased precipitation of zinc with phytate and
calcium.

It has bcen suggesited that phytase may be a
non-specific alkaline phosphatase (E.C.3.1.3.1) in
rat and chick intestine. Maddaiah et al., 1964;
Davies and Motzck, 1972; Davies et al., 1970 have
indicated that phytase was an isoenzyme of alka-
line phosphatase in a series of experiments on
chick intestine. They showed that alkaline ghos-
phatase and phytase were close together on the
clution curve from Sephadex G200 columns.
This view has leen dispnted by Bitar and Rein-
hold (1972) who dcemonstrated that there were
two distinct enzymes as assessed by differences in
the two enzyme activities under various condilions
of pH, substrate, inhibitor and cofactors. The
cnzymes were partially purified from the infestinal
mucosa of rats, chicks and cows. However, these
two enzymes showed Lroadly similar activity pro-
files after DEAE cellulose chromalography. Al-
though it is dilficult to confitm the suggestion
withcut the full purification of both enzymes, the
view that phyiase is an isoenzyme of alkaline
phosphatase was strengthened by Davies and
Flett(1978), who demcnstrated that the activity
of pliytase was sitnilar fo that of alkaline phos-
phatase under various conditions such as regional
diffcrences in the small intestine, cofactors for
maximum enzyme activities, and zinc status of
rats. The experiment also showed that zinc defi-
ciency in rats markedly reduced intesiinal phytase
and alkaline phosphatase and resulted in decreased
phytate disappearance {rom the ligated duodenal
loops ir sity. 1f phytasc is an isoenzyme of atkaline
phosphatase, there js abundant evidence that
phytase activity varies with zinc status of an
animal (Luccke et al, 1968, Williams, 1972).
Other evidence showed that Co and Ni restered
enzymatic activity to the inactive apoenzyrie of
alkaline phosphatasc isolated from human placenta
(Harkness, 1968). [f the assumplion that the
phytase in an isoenzyme of the alkaline phospha-
tase is true, the observations suggest that Co or Nj
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may aclivate phytase by substituting for zinc in
the phytase molecule,

[n previous experiments®, supplemental cobalt
ar nickel induced increased serum and bone
alkaline phosphatase actiivities in pigs but this
may have teen the result of increased zinc absorp-
tion. Although intestinal phytase and alkaline
phosphatase were nat measured in the experiments
reported it is plausitle that cohalt or nickel conld
increase the intestinal phytase activity during zine
deficiency. However, further studies are required
to determine the mechanisms whereby cobalt or
nickel increase zine ahsorption.
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