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Effect of Anticholinergic Agents on the Intestinal 
Absorption of 59Fe Ferrous Citrate 

Hector Orrego-Matte, MD, Oscar Fernandez, MD and Ismael Mena, MD 

The absorption of 59Fe ferrous citrate has been studied in humans after adminis­
tration of the anticholinergic agent, hexocyclium methosulfate, and in rats, after 
atropine. In both species, anticholinergics produced a decrease in absorption. 
The effect of atropine on iron absorption persisted when the radioiron was de­
livered intragastrically, mixed with gastric juice, but not when administered 
intraduodenally. Another set of experiments showed that iron absorption de­
creases when radioiron is intraduodenally delivered in deproteinized acid gastric 
juice, or in 0.10 N Hel, but not when mixed with neutralized gastric juice. It is 
concluded that anticholinergic drugs inhibit iron absorption by an effect on a 
gastric factor necessary for optimal iron absorption, and not through a decrease 
in acid secretion. 

Despite initial conflicting opinions (1-5), 
most of the recent experimental ami clini. 
cal cvi<lencc, obtained by the use of more 
reliable technics, suggests lhat the stomach 
plays an important Tole in Iron absorption 
(6-16). A conseqnence of partial gastrecto· 
my in man is malabsorption of food iron 
(17-20), and vagotomy is not entirely frce 
from hematologic consequences, as shown 
by lower hemoglobin and serum iron val· 
ues (2], 22). It was considered of interest to 
study whethcr the administration of anti· 
cholinergic dr.ugs which inhibit gastric 
secretion also interferes wi th iron absorp-
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tiOlI. III this papcr, we discllss experiments­
dcsigncd to examine the absorption of radio 
oiron (Nllfe fcn-om citrate) in humans and 
in l'1lLs receiving anticholinergic drugs, 

MATERIAL AND METHODS 

Instrumentation 
Whole bm\y COllntillg was done Wilh a 20 X 10 

em Harshaw Nul thalitlln·:u:liv:1Icd crystal. This 
was housed ill a lI·ern thick lead cOlltaincl' provided 
with a l'Ullllel-shap('(\ collimator located nt'OUIlt! the 
nystal's open cnd. This scmicolle was 30 em high 
alld 4t> <:111 wide in its inreriol' diameter. Its 
thickness was tnp(~t'(~tl from 3.7 em at the crystal cnd 
to (Ui em at: the distal emL The electronic equip. 
ment cOllsist('(1 of a 100 chanuel TMC analyzer, sct 
at -I keV pct· chanud. Al'erage iluckgl'Ollnd at the 
photopcak W;lS !lO counls/min anc\ the efllcicncy WIlS 

.Ipproxilllatcly 450 collIlts/min/flC!. The counling 
time of 10 miulltes allowed nccnmulation of 8uffi· 
cient counts [or a minimum Ilccur:lcy of ±2% in all 
lIleaSIIl'l'mcnts. 

Protocol 
Experimenfs in humans, Six male phYSicians 

were ill\,t'~tigalc<l. The experimental lIat.ure of the 
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study was fully explained to them. The subjects 
were normal and none was anemic. The radioiron 
used in the tests was "Fe ferrous citrate- (specific 

activity 26.0 mCi/mg Fe), 10 ;LCi of which were 
dissolved in water containing 250 p.g of ferrous 
sulfate (92.4 ;Lg FeH ). This mixture and the 
rinsings of the beaker were ingested after an 
overnight fast. Whole body counts were performed 
4 hours later. This l'alue served as the 100% 
reference point of the administered dose (23). The 
crystal was placed at a distance of 1.7 m from a 
stretcher on which the subject reclined. It was 
centered 011 the xyphoid, and its isosensitivity arc 
included the head and knees of the subject. The 
difference in sensitiVity between the anterior and 
posterior surfaces of the body amounted to 10%. 

Sixty minutes before administration of radioiron, 
the SUbjects received a dose of 62.5 mg of hexocyc1i· 
um methosulfate (Tral) •• an anticholinergic agent. 
The dose was repeated 6 hours later. In all of the 
subjects, this dose produced the usual dryness of 
the mouth secondary to the use of a rather high 
dose of a parasympatholytic agent, but no other 
symptoms were observed. Four hours after ingestion 
of the radioiron. whole body counting was done. 
Every 5 days thereafter, for 15 days, a plateau of 
body radioactivity was reached in all subjects. After 
correcting for the physical decay of the isotope, the 
percentage absorbed was calculated from the ratio 
of the final to initial counts. 

"When no radioactivity was detected in the body, 
the same SUbjects again receil'ed the same dose of 
radioiron, this time without the anticholinergic 
agent, and the same procedure was followed. Each 
person thus sen'ed as his own control. 

~x~Brlm/lnt$ In rals. Male Sprague.Dawley rats, 
welghmg approximately 250 g and fed a normal 
laboratory diet, were used. All experiments were 
started after an overnight fast. Iron absorption was 
measured after administration of GOFe ferrons cit. 
rate, without carrier, in two differcnt doses: When 
the radioiro~ was given directly, intragastric 0.5 p.Ci 
:vas used, with 0.25 p.g being the total amOunt of 
11'011 per dose. When given with gastric J'uice 20 Ci 

f d·" ' P. o ra. IOlron were mixed with 5 ml of gastric 
secretIOll, and 0.5 ml of the mixture was adminis. 
teredo The total amount of iron per dose was 0.20 
p.g. :n the e~periments in which the isotope, alone 
?r .m a. mlxtUl:e wilh gastric juice, was given 
mtIagastncaIIy, II was administered through an 

.. Abbott Laboratories, Chicago, Ill. 
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illdwelling polyetllylene tube. Whell the radioiron 
was given inlraduodellally, a small laparotomy was 
performed under light ether anesthesia, lmd the 
mixture of gastric juice and radioiron was injected 
through a needle across the stomach and the 
pylorus into the first portioll of the duodenum. TIle 
incision of the abdominal wall was then closed. 

In every experiment, radionctivity was measured 
as follows: One hOUl' after admiuistration of the 
isotope, the total body radioactivity was measlITcd. 
This was done by placiug tbe nllimal ill a tigl1t. 
fitting container in order to avoid COllllting rate 
variability caused by changes ill body position. The 
distallce to the crystal was 60 em, and its isosensitiv· 
ity area included the entire animal. Total body 
coullting of the isotope was performed daily for 7 
days. This period was ellollgh [or the unabsorb~d 
part of the dose to be fully excreted, and II plateau 
of radioactivity was attained. The percentage of 
radioiron absorbed was then calculated as in hu­
mans. 

In rats, the antichOlinergic used was atropine 
sulfate. SUbcutaneously administercd ill two doses of 
I mg with an interval of 6 hours. No obvious toxic 
symptoms were observed with this dose. The radio 
oiron was admiuistcl'cd I hoUl" after the first dose 
of atropine. This dose was choscll after experiments 
in which the pylol'lls was ligatcd in 10 rats, and 
gastric secretion collected according to the 
procedUre of Shay (24). The rats were killed 4 
hours after ligation of the pylol'Ils. The gastric 
contents were analyzed as to volume and hydrochlo· 
ric acid concentration ill milliequivalcnts per liter. 
l'ive of these rats had received I mg of atropine 
sulfate subcutaneously I hour before the operation. 
The volume of the gastric contents in the controls 
was 6.15 ± 0.46 ml; it decreased to I.l0 ± 0.1l0 ml 
ill the rals receiving atropine. The concentrntion of 
?ydrochloric add felI from 62.30 ± 12.19 mEq/liter 
In the controls to 0.031 ± 0,01 mEq/litel' in the rats 
with atropine. 

When ""Fe ferrous citrate was given mixed with 
gastric jUice, the latter was collected after ligation 
of the pylorus in 3 rats for 3 hours. The rats were 
then killed and the gastric contents wcre pooled 
together. The pH of the pooled gastric sccretiou 
was always below 2. Then 20 p.Ci of radioiron were 
added for each 5 ml of gastric juice. This mixture 
was further incubated in a water bath at 37 C for I 
hour. 

• ~1l the experiments in which neutralized gastric 
JUice was used, the radioiron was mixed as above 
th h . ' en t e mixture was neutralized by the slow 
addition of 12.5 M NaOH through a fine capillary 
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tube under constant agitatioll. pH measurements 
were made with a Radiometer titrator. 

When dcprotcinized gastric juice was used, the 
gastric contents were treated with 10% trichloroace­
tic acid ami the filtrate, after precipitation. was 
mixed with 1.5 volnnle of acetone ami heated at 
40 C for 1 hour. With this proccdnrc, a precipitate 
is formed which cOlltains all lhe iroll·binding 
subslal1Ces prcsent in gastric jnice (10). Thcn 20 
,!.tel of .Ole ferrous citrate was added to e;lch !l III! 

of the acetone·free nItrate. 

S·tatistical Analysis 
Statistical evaluation was performed with the usc 

of the Student's t test. As used in Ihe text, signifi· 
C(!l1t means P < 0.05. ami values arc means ± SE. 

RESULTS 

Experiments in Humans 
Table 1 shows that after administration 

of hexocyclium melhosuHate, there is an 
important decrease in the percentage of 
radioiron absorbed in aU subjects; in some 
of them, absorption was completely inhib­
ited by the anticholinergic. 

Experiments in Rats 
When radioiron was delivcrcd intragas­

trically, absorption decreased significantly 
in rats receiving atropiIle. compared to the 
controls (Table 2). In order to test if this 
efIect of atropine is secondary to the de­
crease in acidity i IIduced by the drug', nnFe 
ferrous citrate was given after mixing and 

Table 1. Effects of Hexocycllum Methosulfate 
(Tral) on fioFe Ferrous Citrate Absorption 

in Humans 

Percentage of r,°Fe++ absorbed 

Subject Control period With Tral 

1 33.1 0 
2 7.2 0.4 
3 11.3 1.7 
4 10.4 1.9 
5 7.1 1.3 
6 13.7 8.6 
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incubation in acid gastric JUIce. In this 
condition, there was a significant diminn­
tion of' radioiron absorption with respect to 
the a nimals receiving radioiron without 
previolls mixing anel incubation in gastric 
juice. Notwithstanding. the administration 
of atropille induced a further decrease in 
absorption. The inhibition resulting from 
atropine administration was not dependent 
on an increase ill gastric pH, since both 
mixlUres came from a pool of gastric secre­
tion with a pH of 1.5 (Table 2). 

To test the possibility that atropine inhi­
bition of Fe+ + absorption would be due 
to an intestinal effect of the drug and not 
to its action on gastric secretion, radioiron 
mixetl with gastric juice. asio the preced­
ing expel'iment, was administered to rats, 
in a volume of 0.5, directly into the first 
portion of the duodenum. 50Fe++ ab­
sorption under the;;~. conditions was of the 
same order o[ magnitude as when radioiron 
mixed with gastric juice was placed in the 
stomach (Table 3). When the experiment 
was }'cpeated in animals receiving' atropine, 
the percentage absorbed was not stll tistical­
Iy djfT:ercnt from that absorbed in animals 
withOlll atropine. 

When gastric jllice was treated with tri­
chloroacetic acid and ,lcctonc to precipitate 
protei nil and a II iron-hindi Hg' substa.nces 
present, and only then mixed with radi­
oiron. and injected into the duodenum, 
there was a significant decrease in iron 
absorption with respect to Ule amount ab­
sorbed when radioiron mixed with whole 
gmtric juice was injected. 

There was also a c1ecreHse in ferrous 
citrate absorption when the isotope was 
injected into the duodenum in an artificial 
solution of 0.10 N hydrochloric acid. On 
the contrary, when the isotope was mixed 
with gastric juice, and the mixture neutral­
ized to pH 7.0 and then injected into the 
duodenum, the absorption was not signifi-
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cantly different from that found when the 
radioiron mixed with gastric juice at pH 
1.8 was injected into the duodenum (Table 
3). 

radioiron absorption when the isotope is 
delivered directly into the duodenum, this 
effect of the drug must he secondary to a 
change in g'astric function. The fact tim 
malabsorption of the isotope persists when 
the radioiron is given mixed with gastric 
juice at a low pH shows that the cause of 
the defect is more complex than the mere 
decrease in gastric acidity induced by the 
drug. 

DISCUSSION 
Our results clearly indicate that anti­

cholinergic drugs decrease the absorption 
of 5!lFe ferrous citrate in the human and 
the rat. Since atropine had no effect on 

Table 2. Effect of Atropine Sulfate on MFe Ferrous Citrate Absorption 
in Rats After Intragastric Administration of the Isotope 

Percentage of ,oFe++ absorbed 
._---------------

No. of No. of 
ex peri· experi· 

Form of administration ments Controls ments With P 

6~Fe ferrous citrate 15 42.42 ± 5.85 11 10.77:±: 3.20 <0.001 
6QFe ferrous citrate mixed 
with gastric juice and 
incubated 6 15.25 ± 1.52 6 7.28:±: 1.61 <0.001 

P < 0.001 P> 0.10 

Numbers are means:±: SE. 

Table 3. ,oFe Ferrous Citrate Absorption in Rats After Intraduodenal Administration 

Percentage of 30Fe++ absorbed 

No. of No. of 
ex peri- experi. 

Form of administration ment Controls ment With atropine P 

'OFe ferrous citrate mixed 
with gastric juice 6 17.41 ± 1.75 6 14.61:±: 2.62 >0.90 

39Fe ferrous citrate mixed 
with neutralized gastric 
juice 8 14.84 ± 2.94 P> 0.90 

6QFe ferrous citrate mixed 
with deproteinized 
gastric juice 5 8.04 ± 2.39 P < 0.005 

60Fe ferrous citrate mixed 
with 0.10 N Hel 7 11.48 ± 2.63 P < 0.05 

NUmbers are means ± SE. 
The differences (P) of the last three forms of administration are compared with those of the first. 
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As iron absorption varies according to 
the form in which the metal is ingested, 
and accorciing to the composition or the 
diet (25), and sillce food iron is poorly 
absorbed in comparison to ferrous salts 
(27, 28), observations related to one form of 
iron cannot be applied to another (26). In 
ollr experimems, we used the ferrolls form 
of iron. Ferrolls salts are more easily ion­
ized and more avaihlble to absorption than 
are the ferric forms (3 I). The citrate salt we 
used might also improve ahsorption, as 
citrate forms complexes with iron that keep 
it in solution even ill nemral and weak 
nlkaline soilltiow; (29.30). Nevertheless, if 
a detect is showlI with a very small dose of 
a well absorbed form of iron. the defect is 
likely to persist with a high intake of: a less 
soluble or absorbable form, all:hough the 
magnitude of the defect l"nay be (lifferent 
(6). 

Our results do not permit us to deter­
mine tbe exact mechanis11l of th is action of 
a Ilticilolinergics, bllt they point to a gastric 
effect independent of the one on acid secre­
tion. It has been postulated that there is an 
<lctive compound ill gastric juice which 
[arms complexes with inorganic iron to 
render it available to the iuteslinal epithe­
lial cells (8. 10, 3t1). The secretion of this 
compound could he colltrolled hy a 
cholillergic mechanism and might diminish 
in gastric juice aftcr administration of: atro· 
pine. The existence of this active com­
Iloum1 is cO!11patihle with the decreased 
absorption ohserved in our experiments 
when r,IlFe+ +, mixed with dcprotcinizcd 
gastric juice. or in 0.10 N hydrochloric add 
was given illtl'adumlenally. The same ex­
planation could nCc01l1lt [or the rnct that 
radioiroll mixed with gastri<: juke and 
then neutralized is as well absorhed when 
given intradllodclHtlly as when given mixed 
with normal acid gmtl'ic juice. All these 
expcriments could he explained by a pro-
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tcin or pepticle binder necessary for iron 
absorption. This hinder is not present in 
artificia I hydrochloric acitl Hnd disappears 
afwr protein precipitation. On the other 
hand. when iroll is added to gastric juice. 
and the mixtllJ'C is thell nelltralized. iron 
would he kept in solution by the complex. 

It is stili dillicult to explaill why atropine 
prodlices a decrease in radioiron abRorp­
tion whelP the isotope is given intl'agas­
trically mixed with normal gastric juice. In 
this 1'{~sJlcCI". it is of intercst that we also 
ohscrved a striking decreHse in [lnFe++ 
absorptioll without atropine. This decrease 
occurred when the isotope was given in­
tragastrically after heing' mixed Wilh gastric 
j 11 ice ('0 Heeted d ming a 3-hoBi' period 
when (hc pylorus was ligated, am1 was then 
{miller incuhated for 1 hom. This could be 
tltlc to 11 change ill the mlture of gastric 
COlltClltS. Dllthie et al (7) showed that pro­
longcd incubation of radioiron with intes­
tinal nllid cbangeel its behavior and lUal;le 
iroll no longcr suitahle for absorption. In 
the stomach, somcthing or thb kind could 
also happen. This could be due either to 
challges ill all irOll-hinder necessary for 
optimal absol'ptioll. or to a reaction he­
twecll the iroll and a faclor sea-cled or 
prorlllccd Ily rJigcslion that: limits itll abo 
wrpliol1. Anticholinergic (h'ugs incrcase 
g'asll'ic ('m plying time. Til the rats receiving 
GOPe+ + ilHl'ag'astrically mixed with nor­
mal gastric juice. atl'opinc conl(ll'csult in a 
more pl'Olollgc<l aetion of pepsin and add 
Oil components 01' gastric SC!TCtiOll. This 
could reslilt either ill the disnppe<1nlI1ce or 
a SlIhst:ll1ce nec(,ssary [orirOll ahsorption. 
or ill Ihe appearancc of Hllother that intcr­
fel'(~s willt absorption. 

If the defect ill ferrolls citrate absorption 
induced by nl1licllOlillergic drugs is extend­
ed to olher forms of dietary iron, it could 
explain the hematologic alteratiolls that 
sometim('.~ :Ire seen after vagotomy (21,22). 
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It could also be of importance in patients 
who receive such drugs for very long peri­
ods, especially in the case of patients with 
peptic ulcer who have experienced recent 
bleeding and anemia. 
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