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THIS exeriment was carried out at Poultry Researeh
Farm belonging to Animal Produetion Department, Fa-
Ceulty of Agriculture, Zagarig University, Benha Branch.

The objectives of this work were to detect the nature
of active transport of caleium through the different regions
of the intestinal tract as well ag to study some factors af-
fecting it.

A total number of 42 laying Matrouh hens aged 80
weeks were used. All birds were fed ad lib on balanced laying
ration containing 3.7% ealcium and 0.7% phosphorus.

Hens were starved for 24 hr prior to experiment and
killed by a blow on the head 3 hours after ovipesition. The
abdomen was opened and small intestine was removed and

divided into its different regions (duodenum, jejunum and
ileum}.

Open-gut sac method was applied (according to Carne
and Wilson, 1958) to study the active transport of cal-
cium in the different intestinal regions during 120 wminutes
of incubation at 39°C using two calcium chloride levels
(0.002 M and 6.003 M) in the ineubating medium.

Closed-gut sac method was used {according to Medge,
1976) for detecting active tramsport of ealcium in the dif-
ferent intestinal regions uonder the influence of substrate
content, oxygen supply, incubating temperature, oxidative
metaholism inhibitors, oxidative phosphorylation inhibitors,
divalent cations and caleium chelating compounds.

Active transport of calcium was expressed as the inside/
outside concentration ratio.

Results obtained could be summaurized as follows :

1} The rate of active transport of caleium through all
"intestinal parts decreased as its concentration in the
ineubating medium increased.

2) The highest calcinm concentration ratios werce ob-
gerved in the duodenum and progressively lower ro-
tios were obtained in the more distal sepments.
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3) Using glucose as substrate, supplying oXygen to the
tncubating medium and rising the incubating tempe-
rature increased the rate of ealcium active transport
measured as calcium concentration ratio.

4) Applying oxidative metabolism inhibitors, oxidative
phosphorylation inhibitors and caleium — chelating
compounds resulted in decreasing the rate of active
transport of calcium. On the other hand, divalent
cations did not show any significant effect.

6) In all cases, the response to any treatment applied
was the highest in duodenum than the two other in-
testinal segments (jejunum and ileum).

It is well known that caleium is’ considered as a very important
vlement needed for chickens along the growing period up to sexual
maturity for the formation of the skeletal system. In addition it
nex a pronounced importance throughout the laying period for the
formation of the egg shell. Many investigations had been conduct-
#d to find out the hormonal role on calcium mobilization from bones
‘1o blood during the time of shell formation. However, il is now
well stated that the major portion of calcium needed for shell de-
position comes from the food (Sturkie, 1976) which mainly depends
‘on the rate of calcium active transport throughout the intestinal
iract (Hurwitz and Bar, 1965). '

Caleium absorption had been thoroughly studied either in in-
tact organism (Cohen, et al., 1978 and Hurwitz, et al., 1973) or in
usolated intestinal loops (Bar and Hurwitz, 1969, Chow ef al, 1972
and El-Habbak and Radwan, 1984). '

The active transport of calcium from the mucosal to the sero-
sal surfaces of the small intestine was found to require energy
claborated from either the oxidative metabolic processes or the
seneration of phosphate-bond energy in the intestine (Martin and
Deluea, 1969, Papworth and Patrick, 1970 and Caspary, 1972).

Several factors have been implicated in intestinal caleium trans-
purt @ a calcium binding protein an exchange of calcium for sod-
jum, caleium transport into mitochondria, and the intervention of
the enzymes alkaline phosphatase and caleium-sensitive ATPase
McCuaig et al, 1972 and Bonjour ef al, 1973).

The nature of active transport of caleium through the intes-
-linal tract of chicken is not yet fully established. So, we aimed
‘o study some factors affeeting it,
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Material and Methods

This experiment was conducted at Poultry Research Farm be-
longing to Animal Production Department, Faculty of Agriculture,
Zagazig University, Benha branch.

A total of 49 laying Matrouh hens aged 80 weeks were used.
All birds were fed ad lib on balanced laying ration containing 3.7%
calcium and 0.7% phosphorus and kept at standard and similar
hygienic and environmental conditions.

Hens for each estimation were starved for 24 hr prior to ex-
periment and killed, by a blow on the head, 3 hr after oviposi-
tion (Bar and Hurwitz, 1969). Then abdomen was opened and
the small intestine was carefully removed and divided into its
various regions (Duodenum, jejunum and ileum).

To investigate the effect of the different factors on active
transport of calcium, two types of gut sacs were prepared from
cach intestinal region :

1. Opened guf-sac

This was applied in studying the active calcium transporta-
tion in the different intestinal regions as affected by time of in-
cubation and ealcium coneentration in the incubating medium using
the method recommended by Carne and Wilson, (1958) with slight
modification. Small intestine was segmented into duodenum, upper
and lower jejunum and upper and lower ileum. Each segment was
everted and closed with ligature. The inside was filled with 5-10
mi of medium (according to the diameter of segment). The open
ond! was fastened around a cannula and the segment was suspended
in 200 ml of the same medium in a large plastic tube. Two media
were used. Both contained 0.135 M NaCl; 0.011 M KCI; 002 M
slucose and 0.008 M sodium phosphate. In addition the first med-
ium contained 0.002 M CaCl. while the second contained 0.003 M
CaCl.. Oxygen was bubbled continuously into the outer medium
via a plastic catheter and the temperature was maintained at 39°C
ini 2 water bath for 2 hrs,

Samples of 0.2 ml from the inner and outer media were taken
4t 30, 60, 90, and 120 minutes for estimation of caleium concen-
{ration in each media applying EDTA titration (Hawks, 1965).

Feypt. T. Anim. Prod. 25, No. 2 (1985)
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2. Qlosed gui-sac

This was applied according to Madge (1975) for detecting ac-
tive calcium transport in the intestinal tract under the influence
of the following factors : Substrate content, oxygen supply, incu-
bating temperature, oxidative metabolism, oxidative phosphoryla-
tion, inhibitors, divalent cations and caleium-chelating compounds.

Two gut-sacs, prepared from each intestinal region, were fill-
od with 5 ml of standard medium and ligatured at two ends, One
sac was incubated in the standard medium (control), while the
vther was incubated in the same medium plus the tested factor
8 shown in the following Table.

Tested factor Standard medium Medium + tested factor
Glucose Free 0.02 mol.
Oxygen supply No oxygen oxygen supplied
Incubating temperature 39-C 5°C
Sodium fluoride (1) Free 0.002 mol.
Mercuric chloride (1) Free 0.001 mol
2, 4-dinitrophenol (2) Free 0.00005 mol
Magnesium chloride (3) Free 0.001 mol
Barium chloride (3) Free 0.001 mol

Sodium versenate (4) Free 0.02 mol

1, 2, 3 and 4 were used as oxidative metabolism inhibitors, oxid-
ative phosphorylation inhibitor, divalent cations and calcium-chelat-
ing eompounds, respectively.

All media were supplied 0.003 mol calcium chioride. After
the end of the incubating period (30 minutes), samples of 0.2 mi
were taken from the inner and the outer media to determine cal-
cium concentration in each of them applying the same method men-
fioned before. Active transport of calcium was expressed as in-
side/outside concentration ratio.

Statistical analysis was carried out according to Snedecor and
Cohron, (1967). The significance of differences were tested by
the use of LSD,
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Results and Biscussion
Dynamic of active calcium transporl in various inteslinal re-
yioas us influenced by calcivm concentrat ion in Lhe incubating med-
L
Duta concerning the effect of caleium concentration level in
incubating medium on the rate of active caleium transport are
and graphically illustrated in Fig. 1. Inspection
of data obtained showed that the rate of caleium active transport
Jeerensed as the concentration of caleium in the media increased.
This was quite true for all intestinal segments studied except the
iwwer part of the ileum which showed maximum transpotation rate
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at 60 min then it started to decline. When the open gut sacs were
incubated in media containing 0.003 M and 0.002 M calcium for 120
min at 39°, the final caleium concentration ratios (inside / out-
side) averaged 1.67 and 1.80 in duodenum, 1.26 and 1.79 in upper
jejunum, 1.22 and 1.48 in lower jejunum, 1.09 and 1.25 in upper
iieum and 1.14 and 1.29 in the lower ileum, respectively. Varia-
tions in the rate of ealcium absorption due to the calcium coneen-

tration in the incubating medium were significant (P < 0.01)
(Table 2).

Table (1) : Dynamic of active calcium tranuport in various
inteatinal regions as influenced by calcium

concentration,
intestinal taleium concentration ratiollnside/Qutside)
region Time of x ¢ 5.0,
__—incubation (min) 20 &80 50 120
Incubated with 0.002 M calcium
Luodenum 1.2920.11 1.29+0.16'1.3640.14 1,80+0.14
Upper jejunum 1.26%0.17 1.29+0.21 1,3740.14 1.7940,22
Lower jejunum 1.2910.23 1.2940.10 1.3830.14 1.48+0.17
Upper ileum 1,0640.05 1.11+0.07 1.11+0.11 1.25+0.06
Lower ileum 1.12£0.13 1.4340,20 1.25+0.26 1.29+0.07
Incubated with 0.003 M calcium
Duodenum 1.07+0.09 1.1920.05 1.38+40.12 1.67+0.13
Upper jejunum 1.0310.22 1.1140,07 1.26820.16 1.26+0.23
Lower jejunum 0.9740.16 1.2140.09 1,22+0.09 1.22+0.15
Upper ileum 1.,04+0.05 1.0420.05 1.0920.03 1.09+0.2
Lower ileum 1.0920.06 1.3540.22 1.3040.16 1.1440.11

Each value representa meen #5E for 4 luying hens

Resuits also indicated that calcium concentration ratios var-
ied significantly (P < 0.01) according to the small intestinal
segment examined (Table 2). The highest ratios were observed
in the duodenum and progressively lower ratios were obtained in
the more distal segments,

Rate of caleium absorption, of all intestinal segments, in-
creased as the time of incubation period increased. The rate of
increase varied according to the intestinal segment. This was
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emphasized by the significant effect (P < 0.01) of incubation time

and the interaction between this factor and the intestinal segment
on the rate of calcium absorption. (Table 2).

fuble (£) ¢ Anslysis of variance for Table 1.

Source of veriation D.F. Meun squares )
Between calcium concentration ratio(L)l 0.7728%%
Between intestinal region(R) 4 0.2057*
Between time of incubation (T) 3 0.5257*%
Intersction(Cxk) 4 0.0581
Intersction(CxT) 3 0.0749
Interaction{RxT) 1z 0.1466*®
Interaction(CxHxT) 12 0.0167
brror 120 0.048%
sz P4 0.0
L.S.D, values for

C,09 0.01
Intestinal region 8.11 5 0.14
Time of incubation @.10 U.13

1. EBffect of factors studied on the reie of active transport of

caleium

Data coneerning caleium concentration ratio under the influen-

ce of various factors tested are listed in Table 3.

1. Substrote content 1t was obviously clear that the exist-
ence of glucose at the rate of 0.02 M in the incubating medium
resulted in inereasing the calcium concentration ratio indicating the
active transport of caleium. This was quite true in all intestinal
regions. The rate of increase was higher in duodenum (0.83) and
exactly the same in both jejunum and ileum (0.28). Analysis of
variance indicated significant variation in calcium concentration
ratio due to either treatment or intestinal region (P < 0.01). In
uddition significant interaction effect between treatment and intes-
tinal regions was also found (P < 0.01) (Table 4).

Egypt. J. Anim. Prod. 25, No. 2 (1985}
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Tatle () : Pactora affecting active transpor: of calcium by everted
gut eac from different small intestinal regions, A,

Colciun concentration rutio
Fectors studied (Inaide/Outside), X + S.0.
iedenln  oejunum L lous

l.Substrate:

Glucose(0,0M) 2.26$0.09 1.48+0.07 1.4140.10

Xo substrate 1.4320.05 1.2040,08 1.1340.07
Z.Uxygen supply

¥ith 1.19#0.07 1.1330.12 1.1340.11

Without 1.0C+0. 01 0.,9810.03 0.99+0.02
dedncubating temparaturs

At 5o8 1.0540,8 L.57+0.12 1.79+0.19

At 34%C <,1040,16 v 0020.24 2,0240.2¢
4.0xldative metaboliss inhibitoras

Youium fluoride(0.002M) 0,5820.05 1,010,065 0.9630.,03

Ho sodium fluoride 1.27x0.04 1.1940.04 1.17+0,04

Kercuric chloride(0,001M) 1.0340.09 1.0520.05 1,02+0.0)

Mo mercuric chloride 1.2529.08 1.1920.07 1,1540.10
5.0xidative phosphorylation inhibitors

<, 4=dini trophenol (0,000054) 1.0240;05 1,0140.05% 049620.0x

Ko 2,4=dinltrophenocl 1.3640.09 1.,2450.05 1,1440.11
b,Zivalent cations

Mg C1,(0.001N) 1.2420403 1.1940.06 1.1420,04

Ho Hg (‘-l.d 1.2420.03 1.1740.00 1.1740.0%

M €1,,00.001M) 1.8340.14 1.5330.11 1.5040.05

Bo Ba (1, 1.B8540.08 1.4640.10 1.4510.14
T.Caleium-chainting compound

sodiun versenate(0.02M) 1.09#0.03 1.0040.02 0.58+0.02

S0 sodium versenante 1,380,008 1.2240.05 1.2320.05%

Bach value represents mean +SE for 5 laying hens.

2. Ouxygen supply : It was found that calcium conecentration
rutio (inside/outside) was higher, in all intestinal region, when oxy-
gen was supplied during the incubation period. Analysis of variance
showed significant effect of oxygen supply (P < 0.01) on caleium
concentration ratio (Table 4) The response of duodenum seamed
to be higher when compared with either jejunum or ileum. How-
ever variation in caleium concentration ratio due to intestinal part
was found to be of no significant value (Table 4). Obtained re-
suits indicate that intestinal tissues permitted to undergo oxida-
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tive metabolism took up more calcium from the outer medium and
actively transfer it to the inner medium. These results are sup-
ported with several investigators who demonstrated that calcium
uptake requires oxygen. This indicates that active calcium trans-
sort is energy dependent process. (Bar and Hurwitz, 1969 ; Mar-
tin and DeLueca, 1969 ; Papworth and Patrick, 1970 and Caspary,

1072).

Table (4) : Analysis of vuriance for table 3.

Ttems Source of variation D,F. Msan squares
Substrate (Glucese) Between tremtment(T) 1 1.619"
Retween regions(R) 2 0.934"
Interaction(TxR) 2 0.248™"
Errer 24 0,006
Oxygen supply Fetween treatment(T) 1 0.a97™
Between regiona(R) 2 U.004
Interaction{TxR) 2 Q.00
brror 24 0.004
Incutating tem- Between treatment(T) L 2,465
perature Between regions(i) 2 0.z270%
Interaction(zil) 2 c.460%"
Error <4 0.072
Spdium floride Between treatmenti{T) 1 (e R 2 i
Between regions(it} 2 0,000
Interaction(Txh} 2 o.ove*
Error b 0.00<
Mercuric chloride  Between trestment{T) L o.z:e"*
Between regiono(it) 2 O.004
lnteraction{TxR} 2 0,60,
brror 24 0,004
2,4-dinitrophenol  Between treatmentiT) 1 0.4447%
Between regions{K) < o.oap*®
Interaction{TxR ) 2 o.0ec*2
Error 24 0.0C%
Mg ¢l Between trestment(I) X 0.000L
Between regions(i} 2 O.GLBEI*
Internction(TxR) 2 0.00L3
E-ror 24 0.0017

Egypt. J. Anim. Prod. 20, No. 2 (1985)
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. dadle (4} : (Continued)

Tteme ' Source'of varistion D.F. leah squares
™ 012' U0 Between treatment () 1 0.377
e y ) ‘Between regions(R) £ 0.410%*

Intersction(Txk) 2 0.005
Error 24 C.013
Sodiwe versenate Between trestment(T) i 0.517%%
N Between regions(R) 2 0.038*?
Interaction(Txk) 2 0.007 ¥
Error ; 24 ; 0.003
¥ F<0.01
P <0.05
L.G.D, values for the rntestinul regiome :
9% 1%

Substrate (glucose) 0.07 0,10

inenbating temperature Dadh 0.34

<Y4-dinitrophencl 0.06 0.09

Kgll 0.04 0.05

BaCl, ' 0.10 " 0.14

Sodtim versenate Q.05 0.07

3. Incubating temperature : Calcium concentration ratio in-

ereased as incubating temperature inereased (Table 3). Incubat-
ing temperature was found to have a gignificant effect (P = 0.01)
on the rate of active caleium transport.

The rate of increase was high in duodenum (1.05), low in ileum
0.23) and intermediate in jejunum (0.43) (Table 3). Analysis of
variance (Table 4) showed a significant variation (P — 0.05) in
raleium coneentration ratio due to the intestinal parts as well as

due to the interaction between treatment and intestinal parts
(P < 0.01) (Table 4).

4. Owzidative metabolism inhibitor : Sodium fluoride (0.002 M)
and mereuric chloride (0.001 M) were used as oxidative metabolism
inhibitors. It was found that the rate of calcium active trans-
port decreased when any of the two materials was applied. The
2reatest effect was found due to the sodium fluoride, while mur-

Egypl. J. Anim, Prod. 25, No. 2 (1985)



STUDY ON ACTIVE TRANSPORT OF CALCIUM IN LAYING HENS 243

curic chloride had relatively slight effect on decreasing the cal-
cium concentration ratio. Analysis of variance showed signifi-
cant offeet (P < 0.01) of both treatments on caleium concentra-
tion ratio. (Table 4).

On the other hand, the response to any material differed ac-
cording to the infestinal region. The higher response to the Ox%i-
dative metabolism inhibiting material applied was found in duo-
denurn, followed by that in ileum and jejunum. Caleium concentra-
iien ratio decreased by 0.29 and 0.22 in duodenum, 0.18 and 0.14
in jejunum and 0,19 and 0.17 in ileurn when applying sodium fluo-
ride and muecric chloride respectively (Table 3). However, varia-
tion in ealcium concentration ratio due to the intestinal part was
vot gigniticant (Table 4).

5. Owidative phosphorylation inhibitors : Applying 2, 4 dini-
trophenol (0.0005 M) as an oxidative phosphorylation inhibitor re-
sulted in decreasing the caleium eoncentration ratio. This was
auite true in all intestinal regions. However, the rate of decrease
was relatively higher in duodenum (0.34) and lower in iluem (0.16)
when compared with jejunum (0.23). (Table 3). Statistical analysis
of data revealed ‘that variations in calcium conecentration ratio due
o treatment, intestinal part and the interaction between them
were significant (P <2 0.01) (Table 4).

6. Divalent cations : Magnesium and barium chiorides wers
added to the incubating medium to study the effect of divalent
eations on the active ealcium transport. Inspection of data ob-
tained (Table 3) showed that the effect of the two divaleant ca-
tions applied on the concentration ratio were not similar and had
no characteristic trend. In addition, analysis of variance for daba
obtained (Table 4) showed no significant effect due to treatments
applied on ealcium concentration ratio. However, intestinal re-
pions showed significant different response (P < 0.01) to the di-
valent cations applied (Table 4).

-

{. Calcium-chelating compound : Caleium concentration ratio
decreased under the influence of sodium versenate (applied as cal-
cinm-chelating compound). Variation in this trait due to treaf-
ment applied was significant (P < 0.01) (Table 4).

Fpvpt. J. Anim. Prod. 25, No. 2 (1985)
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The rate of increase was relatively higher in duodenum 0.33)
and lower in jejunum (0.22) when compared with ilenm (0.25).
Anlysis of variance revesled significant variation (P < 0.01) in
caleium concentration ratio due to intestinal region (Table 4).

Studying factors affecting the rate of active caleium transport
itestimated as caleium eoncentration ratio between outside and -
side media) showed significant effect of glucose (as substrate),
axygen supply, incubating temperature, oxidative phosphorylation
inhibitors and calcium-chelating compounds. On the other hand,
the two divalent cations had no significant effect,

Vitro studies with everied gui sac (Morz, 1972 and Hiwe,
1972) showed thal magnesium ions inhibits the active transport of
zaleium ions (Aleock and Maelntyre, 1962 and Clark, 1869). It was
stated that there is a common absorptive site for caleium and
magnesium in the intestine (Clark, 1969) for which these ions
compete.  Further evidence for the competilion between caleium
and magnesium ions was obtained from the studies of Alcoek
and Maclntyre, (1962) who found that calcium absorption in the
intestine wags significantly enhenced when diet was free of mag-
nesium. They suggested that the presence of magnesium ions in-
nibits calcium. absorption. They added that in the absence of die-
tary caleium, magnesium appeared to stimulate parathyroid fune-
tion. These results disagree with those of the present study which
miay be due to the short incubation time applied,

Caleium uptake by the intestinal cells seems to include the
tnergy-dependent. accumulation of ealeium into mitochondria and
it may not be a true reflection of caleium transfer aercss the
mucosal plasma membrane alone. The dependence of calcium up-
luke on energy metabolism may be a function of the substrate
available, of ATP levels of the cell and of the kind of inhibitors
which may either block eleetron transport, incouple oxidative phos-
shorylation, block energy transfer or inhibit caleium efflux of the
cell (Adams and Norman, 1970 and Ogata et al., 1971).

Results of the present study agree with the previously men-
toned findings and indicate that calcium efflux out of the cell at
the serosal side is usually recogmized to be an active transport
process or at least coupled to metabolically dependent process, since
calelum has to move against a chemical potential gradient,

Feypt, J. Anim. Prod. 25, No., 2 (1URA)
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