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Effect of Ca2+ on the absorption of tetracycline was examined in situ, in vitro, and
in vivo. It was found that tetracycline disappeared faster from recirculation solution (a)
in the presence of small amounts of Ca?* at pH 6.2 and (b) in the presence of Ca?* irres-
pective of its concentration at pH 8.0. At pH 8.0, partition ratio (isoamyl alcohol/water)
of tetracycline increased in the presence of Ca?*, exhibiting a similar pattern as that in
recirculation experiments. Excretion data of tetracycline in man, however, showed that
the antibiotic was less favorably absorbed in the presence of Ca2?+. These results suggested
that tetracycline chelated with metal ions would be bound to intestinal wall and that
absorption would be inhibited in the presence of Ca?*.

Since tetracycline is widely used for the treatment of many bacterial infections, this
series of studies have been initiated in order to elucidate some of the factors which might
influence the absorption of this antibiotic.

It has been reported that physiological availability of tetracycline varies from one person
to another when it is orally administered® and that food has a great influence on its
absorption.® :

Although some attempts to increase its availability have been made by administering
it with some adjuvants, no one seems to be successful in the attempt. Since it has been
observed that the availability of tetracycline decreased to a great extent in the presence of
Ca2t, it may be considered that both Ca?* in food and endogenous Ca*" play an important
role in the absorption of tetracycline. Differences in absorption among individuals may
arise from difference in the amounts of Ca?t present in the intestine. The purpose of this
series of studies is, thus, to obtain further information on the absorption of tetracycline from
the intestine in the presence of Ca?*.

Experiments both 4% situ and in vivo were carried out at pH 6.2 and pH 8.0, because of
minimal change in pH during experiment in the region. Further the pKa of tetracycline
and physiological condition in the intestine were taken into consideration in the choice of
these pH wvalues.

Experimental

Absorption Experiments in Rat Small Intestine——Male rats, weighing 130—160 g, were fasted over-
night prior to the experiments but allowed free access to water. The animals were anesthetized with ure-
than (0.5 ml/150 g as a 309 solution) and the small intestine was cannulated for in situ recirculation. The
intestine was first washed with about 50 ml of a 0.9% NaCl solution maintained at 37°, and then with 25 ml
of test solution. After the test solution was forced out, the tubings attached to the inflow and outflow
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cannulae were transferred to a flask containing 25 ml of test solution. This volume was then continuously
circulated through the small intestine at the rate of 3—»5 mljmin. Further experimental detail can be
found in previous paper from this laboratory.”

Test Solution In order to eliminate complications which may arise from a buffer solution, a 0.9%
NaCl solution rather than a buffer solution was employed to prepare a 400 ug/ml tetracycline hydrochloride
solution. Change in pH during recirculation experiments was corrected with either a HCl or NaOH solu-
tion. Phenol red was used as an indicator to correct any volume change.

Assay Sample solutions were appropriately diluted, heated up in a water bath for 3 minutes on
acidification with a 5 v HCI solution, and extracted with isoamyl alcohol. This extract was assayed spectro-
photometrically at 435 my, using a Shimadzu QV-50 spectrophotometer.

Partition Ratio Determination Tetracycline hydrochloride solutions (20 pug/ml) containing varying
amounts of CaCl, were prepared and the pH was adjusted with either a HCI or NaOH solution. The test
solution were shaken with isoamyl alcohol in a constant temperature bath for 1 hour. An aliquot of the
aqueous solution was withdrawn for tetracycline assay as described above. The partition ratio (p.r.) was
calculated from the following equation;

(Initial concn. in aqueous layer — Equil. concn. in aqueous layer)
Equil. concn. in aqueous layer

In each experiment was recorded the pH of aqueous layer in equiliblium.

Urinary Excretion Studies Two hundred and fifty milligrams of tetracycline hydrochloride was
dissolved in 100—150 ml of water with varying amounts of CaCl, and the solution was administered at
least 2 hours before breakfast. Urine was collected at appropriate intervals and its tetracycline content
was determined according to the procedure described earlier,®

p.r.=

Results

Recirculation Experiments in Rat Small Intestine

Disappearance of tetracycline from the recirculation is illustrated in Fig. 1 and 2. Fifteen
minutes were allowed for equilibration and 0 time in the figures was shifted to the point 15 min
after the perfusion was started.

Relationship between disappearance percent of tetracycline and the ratio of concentrations
of Ca?* to those of tetracycline is shown in Fig. 3 and 4.

0.30'L'\A

g ‘“-----o-______o_______‘__0-__._“0 (f&)
03007 e (A) 0
—~ 0.250f 8@ 15 3 45 60 75
'U,_&J L ' i L ! 2] 0
) 15 30 45 60 75 £ o 0.20f
“ o Y [SWan (B )
ng'SOON (B) 3 =
%éﬁ 0.250 - gv 0.15+
@ ! ! - ] s 1]
.2 15 30 45 60 75 S g »
8  0.300 (c) £ 0% (C)
. M—O et ;a
£ 2 0.250- 59 015
s ! : 1 ($)
23 15 30 45 60 75 g
Sz, (D) & 0 (D)
=~ 0.250
. . L ! ! 0-155_ ) 1 2 ]
Time, in minutes Time, in minutes
Tig. 1. Plots Showing Disappearance of ; Fig. 2. Plots Showing Disappearance of
Tetracycline (TC) from Recirculating Tetracycline (TC) from Recirculating
Solution in the Presence of Varying Solution in the Presence of Varying
Amounts of Ca?t at pH 6.2 Amounts of Ca?* at pH 8.0
TC conc. =400 pg/ml, Ca?+/TC molar ratio= TC conc. ==400 pg/ml, Ca+/TC molar ratio=
(A)0, (B)2, (C)10, and (D) 20 (A)0, (B) 2, (C)10, and (D) 20

5) K. Kakemi, T. Arita, and S. Ohashi, Yakugaku Zasshi, 82, 348 (1962).
6) K. Kakemi, T. Arita, H. Sezaki, and T. Nadai, Yakugaku Zasshi, 83, 264 (1963).

NII-Electronic Library Service



2202 Vol. 16 (1968)

60
= 10 E
g S
8 5 50
g 13
; - 1
g g
g 5 5
2, )
=y =)
Q A
i L I L I 1 i . .
0 5 10 15 20 5 i0 20
Ca*/TC molar ratio ‘ Ca?/TC molar ratio
Fig. 3. Effect of Ca?*+on the Disappear- Fig. 4. Effectof Ca2?*on the Disappear-
ance Percent of Tetracycline from ance Percent of Tetracycline from
Rat Small Intestine in 75 min at Rat Small Intestine in 75 min at
pH 6.2, Conc. of Recirculating Tetra- pH 8.0, Conc. of Recirculating Tetra-
cycline Solution=400 pg/ml cycline Solution=400 ug/ml

From these experiments at pH 6.2 it may be seen that the disappearance of tetracycline
follows the apparent first order kinetics (Fig. 1), and that disappearance percent reaches its
maximum at Ca?*/tetracycline~2 and it decreased gradually with further addition of Ca2*
(Fig. 3). Additional experiments carried out at pH 6.2 and with Ca%*/tetracycline=2 led to
the observation that disappearance percent decreased to that without Ca®* when twice as
much EDTA as Ca2?t was added to the recirculating solution and that disappearance percent
was not modified in the presence of 2,4-dinitrophenol (2 X 10—%u), which is believed to inhibit
an active transport process.

Recirculation experiments at pH 8.0, on the other hand, indicated that disappearance
percent increased steadily in the presence of Ca?*, approaching a certain value on further
addition of Ca?* (Fig. 4).

Figures 5 and 6 illustrate the effect of concentration of tetracycline on absorption beha-
viors of tetracycline when Ca?*/tetracycline molar ratio was kept constant at 10. It can
be seen that tetracycline disappears at a constant rate irrespective of its initial concentration
so long as Ca?*/tetracycline molar ratio is constant with the exception of the initial parts of
the experiments at pH 8.0.
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Figure 7 illustrates the results of the 2
repeated recirculation experiments in the same
rat with 75 min perfusion in each experiment.
There was no difference in disappearance rate
between the two.

Effect of Ca2™ on the Partition Ratio of
Tetracycline

Partition ratios of tetracycline between
isoamyl alcohol and water in the presence of
varying amounts of Ca%* over the pH range
between 2 and 10 are recorded in Fig. 8. It
may be seen that tetracycline becomes fat
soluble in the presence of Ca?+ in the alkaline
region.
8.0 (0.01 m Tris buffer) and is shown in Fig. 9.
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Fig. 7. Plots Showing the Tetracycline
Disappearance from Rat Small Intestine
in Recirculation Experiments in the
Same Rat, TC conc. =400 pg/ml

The effect of Ca?*/tetracycline molar ratio on the partition ratio was studied at pH

is interesting to note that this curve is

similar to that in Fig. 4. There seems to be some correlation between the partition ratio and

the disappearrance percent.
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Partition studies at pH 6.2, on the other hand, did not exhibit any marked change in
partition ratio with increasing amount of Ca?*.

Effect of CaCl, on the Urinary Excretion of Tetracycline

The urinary excretion of tetracycline in man in the presence of varying amounts of
CaCl, is shown in Fig. 10. Amounts excreted in the urine decreased with increasing amounts
of CaCl, and it seems to approach a certain value on further addition of the salt. Data in
Fig. 10 are pharmacokinetically treated? and
are shown in Fig. 11. Parallel straight line
relationships are obtained between the loga-
rithms of excretion rate and time irrespective
of Ca?H/tetracycline molar ratio, suggesting
that the biological half-life of tetracycline

~ |

l 1S constant.

\T The same type of experiments as shown
1 4L

in Fig. 10 were repeated on an large number
of subjects and the results are summarized in
Fig. 12, where vertical lines indicate deviation
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individuals diminishing at the same time.
dose=250 mg TC-HClL

Discussion

It is evident that Ca%* plays an important role in modifying the disappearance percent
of tetracycline from the intestine in the recirculation experiments. Chelate formation of
tetracycline with divalent ions has been known®. Physical properties of tetracycline may
be expected to change greatly on chelation. Some of the results in recirculation experiments
may best be interpreted on this basis. Results of partition studies suggest that tetracycline
chelate is much more fat soluble than the parent antibiotic. Increase in fat solubility may
parallel increase in disappearance percent.

Remarkable increase in the partition ratio between pH 7 and 8 (Fig. 8) may illustrate
irregurality in the disappearance rate of tetracycline observed in the initial stage of experi-
ments as depicted in Fig. 6. Because no buffer was employed in these experiments, there
might have been relatively large change in pH during the initial stage of the recirculation.
Schachter and Rosen® and others!® suggested that Ca?+ would be absorbed by either active
transport or facilitated diffusion mechanism as well as by passive transport process. Pos-
sibility that tetracycline may be actively transported along with Ca?+ may be neglected since
dinitrophenol, which is known to inhibit active transport or facilitated diffusion, did not have
any influence on the absorption behaviors of tetracycline in the presence of Ca2+.

Thus the increase in disappearance percent with small amount of Ca?+ at pH 6.2 should
be attributed to other origin. With either un sifu or n vitro experiments alone one might
erroneously conclude that administration of Ca?+ with tetracycline would increase the absorp-
tion of tetracycline from the intestine if its pH is around 8. Tonelli, ¢f al.,'» however, reported
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that serum tetracycline concentration decreased in the presence of Ca?t in their experiments
in rat. Urinary excretion experiments in man also demonstrated that absorption of tetra-
cycline decreased in the presence of Ca?t. As it is shown in Fig. 11, the biological half-
life of tetracycline was not affected in the presence of Ca?t. Thus it is assumed that Ca?*
modify the absorption of tetracycline in the transport process across the gastrointestinal
membrane rather than it changes the fate of tetracycline after the drug enters into the body
fluids. Doluisio and Martin'®, and Kohn'® have shown that tetracycline is bound to protein
or barbital in the presence of divalent metal ions. The observation in the present work may
be rationalized on this basis. Namely tetracycline may be bound to protein molecules pre-
sent in the intestinal wall when CaCl, is given with it. The binding to intestinal wall seems
to be rather strong, thus tetracycline will not permeate as it would otherwise do.

12) J.T. Doluisio and A.N. Martin, J. Med. Chem., 6, 20 (1963).
13) K.W. Kohn, Anal. Chem., 33, 862 (1961).
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