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ABSTRACT

The antacid power of five natural clays is reporet compared to two pharmaceutical clay based sirde
improvement of the antacid properties is attemgtedugh amorphization and calcium carbonate additidwo
mechanisms of pH control are proposed: acido-bastatralization at amphoteric edge functions andicrat
exchange. The later is mostly active for 2:1 claythe absence of carbonate which induces notiesatido-basic
neutralization. Natural 2:1 clays exhibit high amtid effect whereas 1:1 clays induce good buffegffgct. The
antacid effect of the thermally treated 1:1 clagsricreased to values (0.204pH < 0.41) close to those of the
pharmaceutical clay based drug smeciakl = 0.52). The addition of calcium carbonate td tiays material also
improves their antacid effect. In calcium carborely mixture, the presence of clay is favorableatbuffering
control and a calcium carbonate dosage of inteigestbserved at 4.5%.
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INTRODUCTION

Clay materials are natural minerals occurring fittve decomposition of rocks under influence of ctienand water.
According to their mineralogical composition, claaterials are usually mixed not only with otheryatainerals but
also with impurities such as carbonate, feldspaisa and quartz [1]. Due to their structure, claypenals exhibit
interesting properties such as adsorbent and/arlast functions, cationic exchange capacity, addegulator or
release abilities [2]. These numerous propertieshasis for several industrial usages of clay na#grsuch as
additive in rubber, polymers and paper, lubricaiilin, ingredients in pharmaceutical products/B-

In the field of pharmacology, clays can be emplogsdexcipients or as an active ingredient due &ir thigh

cationic exchange capacity and their specific asegptive capacity, rheological properties and dbahinertness;
in addition, they are not toxic to patients [8].n8® of the pharmaceutical properties associatedatgs can be
exploited to cure gastric ulcers. In the human stcm hydrochloric acid is the molecule responsibiehe cause of
gastric ulcers [9]. During digestion process, gadlisturbances, characterized by an increase difdefloric acid
concentration (or hyperacidity) in the stomach raedican occur. Such gastric disturbances are coyn@ated

by some pharmaceutical products containing claigese clays act in the stomach medium as antacidhvidnds
to neutralize, to some extent, the excess of hydooic acid [8, 10]. The acid neutralization capacor the antacid
power of a drug) is defined as the amount of 0.H®I that can be added to a liquid antacid with@aducing the
pH of the mixture below pH 3.0 [11]. In Africa adia, some clayey materials are marketed and pempisume
them, either for nutritive elements supplementotherapeutic purposes [12].

In the present study, antacid effect of some Caomeanm and Nigerian edible clayey materials are uatald.
Attempts to improve this antacid power are subsetiyearried out through amorphization and calcicanbonate
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incorporation. The measured antacid power was coedpa that of two pharmaceutical clays based dusgsl for
the treatment of gastric ulcers.

EXPERIMENTAL SECTION

2.1. Materials

Five clay samples were used for this study: thresafCameroon (MY41g; Band Bal’), one from Nigeria gcand
one from France (AVP) often used as antacid drugsaeple of calcium carbonate (MERCK) and two
pharmaceutical clay based drugs, Smecta and Beijdethich are used to cure gastric ulcers. Theiorand the
main minerals of each clay material are given lrigdl, the chemical compositions are given in tébl@3-15].
The mineral compositions of Smecta and Beidellixevdetermined by powder X-ray diffraction. The Xtra
patterns (figure 1) were obtained on a Bruker D&cgpmeter operating on a Cobaltt kKadiation.

Table 1: Origin and main mineral of studied clay maerials

Samples Origin Main mineral |Type
MY41g | Mayouom (Cameroon)Kaolinite 1:1
C, Calabar (Nigeria) Kaolinite 1:
B; Balengou (Cameroon) Antigorite 11
Bal Baba (Cameroon) Montmorillonife 2 :1
AVP Provence (France) Montmorillonife?2 :1
Smecta | - Montmorillonite| 2 :1
Bedelix | - Montmorillonite| 2 :1

14.99 Mt

Intensity (arbitrary unit)

Bedelix_‘

—— Smecta
w_J
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2 theta (°C)

Figure 1: X-ray paterns of Smecta and Bedelix drugs
Mt (Montmorillonite)
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Table 2: Chemical compositions (%) of studied clagematerials

Oxide | B3[13] | C,[13] [ MY41g[15] | Bal[14] | AVP | Smecta] Beidelix
SiO; | 51,07 | 5L40] 47,74 53,65 5074510 | 42,72
AlLO; | 27,33| 28,65 3354 2389 7.4 14492 14718
TiO, | 0,31 | 1,47 3,54 048] 04p o041 0,3
FeO;| 2,21 | 2,24 2,57 360| 2,7 23 2,5
KO | 0,23 | 0,69 0,4 1,77| 09F 0,14 0,24
Na,0 | 0,05 | 0,01 i 142 | 033 024 0,31
MgO | 0,04 | 0,40 i 054 | 1,26 383 4,02
CaO | <0,01| t i 0,35 | 14,07 1,71 | 1,48
MnO | r 0,04 0,03 | 004 005 0,04
P.Os | 0,04 | 0,06 0,22 013| 00B <L <LD
LOl | 11,06] 14,68 11,80 13,82 150530,13 | 33,25
Total | 99,39 99,54] 99,89 99,05 9811698,64 | 99,28

LOI: Loss on ignition; tr: trace; LD: limit of detdion

The raw materials were sieved over a 100 um mdsh ddfying in air and crushing in a mortar. Thevei powder
was homogenized using a RETSCH apparatus.

METHODS

2.2.2. Amorphization

According to Redferm, reported by Djoufac et ab][lamorphization of kaolinite is maximal after Irak between
700 and 750°C for two hours. Thermal treatmentlajs sample was done in a Naberthern furnace. Ehaéry
was carried out under a heating rate 6€/min. 10 g of clay material were introduced invemshed and oven dried
alumine crucible. The clay material was first heladaring one hour at 300°C, then the temperatuein@eased to
750°C and maintained for 4 hours.

2.2.3. Antacid power of clays

The spontaneous pH of the clay is firsly deternasdfollow: 2.5 g of clay are introduced into 50 i distilled
water. The suspension is left for stabilizationidigi240 minutes and the measured pH was consideré¢ide pH of
the natural state. The anticid power is subsequemtiasured as describe bellow:

2.5 g of a clay material are introduced in a reractmtaining 50 mL of hydrochloric acid solution@3 N) [17-19].
The pH in the reactor is measured at regularvaterof 15 minutes throughout the experiment. THevpriation
gives the value of antacid power of the studied.chntacid power, denoted bApH, of a clay material is the
difference between pH of the suspension (acid solut clay) during 180 minutes (pHand pH of the hydrochloric
acid solution at the begining of the experimeit jpApH = pH, — pH;

The antacid effect is evaluated on the raw andhtherphizised clays. Calcium carbonate was incotpdr one of
the raw clays in order to improve the antacid affef the clay . For experiments dealing with mietwf clay and
calcium carbonate, the mass of the solid phase2viag. The amount of calcium carbonate added wpaseesged in
percentage weight of calcium carbonate with resfietihe total mass of the solid phase. In ordetet@rmine the
limiting condition for calcium carbonate additiondaalso to appreciate the influence of clay in ¢hay/-calcium
carbonate mixture, the monitoring of the evolut@wApH in systems containing only calcium carbonatehia
same amount as in the clay-calcium carbonate naixigralso done. All the experiments were carrdgatlunder
simulated conditions of human stomach:[¥emperature: 37°C; pH condition: x4H< 1.6 and digestion time: 3
hours.

RESULTS AND DISCUSSION
3.1. Antacid Effect of Natural Clay Materials and Fharmaceutical Drugs

Figures 2 and 3 show the results from antacidcefié clay materials MY41g, £ Bs(1:1 clay minerals) and Bal’
and AVP (2:1 clay minerals).
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Figure 2: pH evolution for natural and thermally tr eated 1 :1 based clayey materials: MY41g ; £and Bs
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Figure 3: pH evolution of natural and thermally treated 2:1 based clay material: (a) Bal’ (b) AVP
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Figure 4: pH evolution in Bedelix and Smecta two aomercial clay based antiacid drugs
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As it can be observed, clays MY41g, &d B present no antacid effeatgH = 0), while Bal’ and AVP materials
have an antacid effecApH = 0.09 for Bal' and\pH = 6.15 for AVP. For the pharmaceutical clay dru§mecta
and Bedelix, the antacid effect is higtpH = 0.52 for Smecta antpH = 3.11 for Bedelix (figure 4).

Suspensions (distilled water + clay (natural orriedly treated)) have acidic pH, for all clay saegplexcept for
AVP which has a basic pH probably due to its hightent of CaO (table 3).

Table 3: pH of clay agueous suspensions (hatural drthermally treated materials)

MY41g C. Bs .| Bar R
Samples| MY419 | 76000y €2 | (75000)| B | (75000)| BAY' | (75000 AVP | AVP (750°0)
pH 463 | 513 | 46p 471 | 511 486 | 444 479 | 823 8.37

Addition of clay in a solution of hydrochloric ac{@.04 N) induced a weak decrease of pH of theenspn for
clays MY41g, G and B whose main mineral is a 1:1 clays mineral, wiiig clays mineral (Bal' and AVP)
induced for the suspension an increase of pH (@eaease of the acidity). The difference of behaviould be
attributed to their main mineral (kaolinite and rtraorillonite). However chemical analysis shows ttet behavior
observed with AVP and Bal’ is mainly due to theteah of CaO of these clay materials. The same hehaas
observed with pharmaceutical samples Smecta andli&eBut in the presence of a solution of hydrechd acid (2
M), samples Smecta or Bedelix did not show effecease phenomenon. We concluded that, pH incredstte o
suspension (acid solution + samples Smecta or Bédehs not due to carbonate content of these szsnphis was
confirmed by X-ray analysis of these samples (&gly in which no peak could be attributed to catcicarbonate.
Montmorillonite as foud to be the main mineraltbése pharmaceutical drugs. It was concluded thatmain
minerals of sample Smecta and Bedelix was the sonfrtheir antacid power. In particular the Mg @nitof this
mineral, because common antacid products are Mgn@aAl based salt products [20]. In addition, biigh CEC of
montmorillonite also help to increase the pH thiwtige intercalation of Hwithin the interlayer of this clay.

3.2. Atempts for Amelioration of The Antacid Power

3.2.1. Thermal Treatment of Clays

Three 1:1 clay materials, MY41g,,@nd B were thermaly treated. The thermal treatment dmrted to the
increase of the pH of the system (acid + clay)ratteminutes (figure 2). Between 0 and 20 minudesorphizised
and non amorphizised clays almost have the sametefh pH (weak decrease of the pH of the suspemdiabout
0.01 unit ). After the first 25 minutes, an incread pH is observed for suspensions containing phmnised clays
(0.20< ApH < 0.41) while the pH, of the systems containing aororphizised clays were almost constant.

The decrease of pH observed in systems contairongamorphizised clays was attributed to acido-besactions
with hydroxyle groups at the edges of the claysrtéhol or silanol), which have amphoteric behayat, 22].

However, the presence of 1:1 clays contributedbiktze the pH value to an average of 1.4 which alased to the
pH of stomachal medium (1.5 to 1.8) [9].

Thermal treatment at 750°C of kaolinite clays ldadmetakaolinite containing S¥JAI,O; and also MgO for
antigorite, the main mineral insBlay material. AJO; has an amphoteric behavior and MgO is a basiceoXi@nce
they can react in acidic medium as a base. Thisquty justified the increasement of the pH of thetem [1, 22].

Clay material B in which the main mineral is antigorite gave ayaflie intermediate to those of kaolinitic samples.
This behavior was attributed to the cristallinifytbese clay materials. The cristallinity of claatarials determines
the availability of edge reactive sites. Howevdtermamorphization, increase in the pH was deteedhiby the
availability of basic oxide. This justified the higr increase of the pH for the system (acids{/0°C]) in which
basic magnesium oxide (MgO) is formed. ExcepttBe similarities of the curves obtained can stified by the
formation of the same amorphous phase which iskaetiite.

The buffering effect was more sensitive with systesontaining natural clays than those with modifiéadys. For
systems containing modified clays, pH values stillreased after 180 minutes. Buffering effect wadtdy
controlled with natural clays belonging to 1:1 claynerals group, but the limitation and/or availipiof edge
functions, that may react to lead to a constantevaf the pH, could be the key factor.

For clay materials MY41g; £B; and Bal’, thermal treatment induced a decreaggHofn fact SiQ is an acidic
oxide and at the begining of each experiment, it aeact with water molecules, thus releasingi¢hs in the
medium. So we observed a little decrease of theftHe medium (or an increase of the acidity). Aftes reaction,
Al,O; which is an amphoteric oxide and MgO a basic ox@mct with H. Then the pH of the medium started
increasing again. It must be noted that the pHt shiifseved for amorphizised AVP was due to a partial
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transformation of calcite to calcium oxide whichsaraore basic [23]. We also observed for amorphiz&éP and
Bal’ system, a pH decrease before it increasedysland became constant to a pH value close toahtite system
containing non amorphizised AVP or Bal' (Figure Bhis observation was attributed to the naturehef main
mineral in the clay material. By comparison to tlays, previous observations with 2:1 clays suggesecond
mechanism of pH regulation which could be catiomxchange [24]In fact, for these two 2:1 clays (Bal' and
AVP), we observed an acidification of the mediunween 0 and 20 minutes which suggest that themeatrhent
induced an increase of acidic cationic speciess@loations fastly react with water in the soluttord caused an
increase of the acidity in comparison to that dfurel material. But after 20 minutes, the acidifyttbe medium
began to decrease again. So the acidic speciegdoafter thermal treatment were all transformedr&0 minutes.
The hypothesis of cationic species formation wasdnordance with a mechanism based on cationicaegeh
within the 2:1 minerals because, the amount oboatispecies that could appear after thermal treatdepend on
the interfoliated cations in the mineral. That isywafter 120 minutes, the pH of the two systemystésn containing
natural 2:1 clays and system containing thermad#igted 2:1 clays) reached approximatively the seahee (pH =
1.6 for Bal’ and pH = 8 for AVP). This observatimmicates that thermal treatment did not bring gdeange to
antacid effect of 2:1 clays and confirms that, Winitthis type of mineral, the main mechanism fataaid effect is
more probably based on cationic exchange.

3.2.2. Addition of Calcium Carbonate

MY41g was choosen for an improvement of antacidafthrough mixing with calcium carbonate. In orttefind
out at which limit the antiacid power was dependanboth clay and CaGQor a total solid mass content of 2.5 g,
the ApH is measured for various fractions of Ca@®the mixture. Simultaneously, the effect of theresponding
amount of CaCg@in the same volume of acid solution is measunedigure 5, it appeared that for an upper limit of
4.5%, theApH was dependent on both constituents of the maxtBeyond 5 %, the antacid effect is almost only du
to the CaC@

8 — ——MY41g + %CaCO3
7 ——%CaC0o3

5 10 15 20
percentage of CaCO3

Figure 5: Variation of ApH in acidic solution + CaCG; or + (MY41g + CaCGQ;) mixture at various CaCO; proportions

On the basis of these measurements, a formulatamemp of 2% of CaCQwas studied. The comparison of pH

variation of natural MY41g and two systems contani% and 3% CaC{percentage relative to the proportion of
CaCQ for a total solid mass of 2.5 g) made it eviddwit tclay and CaCginteract so as to give a material that has
an antiacid effect that was constant and greaser that of natural MY41g (figure 6).
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Figure 6: Evidence of the influence of the presenad clay in the mixture of CaCGO; with MY41g

It is also obvious that mixing CaG@ clay eliminates the rapid (an even brutal) jushpH when CaC@was used
solely. In figure 7 a comparison of the antacid ppand the buffering effect of the mixture MY41@ %6 CaCO3,
to that of pharmaceutical drugs Smecta and Bedtelione.
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Figure 7: Comparison of antacid effect of the mixtue [MY41g + CaCQ; (2%)], samples X and Y.

It appears that the new material has an antacicdeptvat was greater than that of sample Smecthdsialmost the
same buffering behavior. Sample Smecta and theumeixxperimented here has a rapid and constanerimgf
action in contrast to sample Bedelix where thers wab minutes delay during which the pH increassferb

buffering starts. So, the mixture studied here dqdtentialy be used as an antacid drug.

CONCLUSION

Natural clayey materials MY41g,,Gnd B did not have any antacid effect, they rather hagbad buffering
behaviour. Bal' 4pH = 0.09), a 2:1 clay, has an antacid effect, reoytto the first three materials that are 1:1 slay
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This difference was attributed to the nature of th@&n mineral in the clayey materials because tleehanism
involved was dependent on the nature of this minera

Amorphization of 1:1 clays induces, for system eaming the modified clays, an antacid effect (0s28pH < 0.41)
close to that of sample Smecta. For clay matewdls main mineral belonging to 2:1 group, catioaikchange was
the main regulator of the pH, this justified theajracidity impairement compared to samples betanty 1:1 clays
minerals. For the later clays, the main mechanisnpf regulation remaind acido-basic transformatdredges
functions in natural clay materials and oxidesrabgphous systems from thermal treatment at 750°C.

Amorphization induced in 2:1 clays minerals forroatdf acidic cationic species that rapidly reaciétth water and
decreased the pH during the first 20 minutes okttperiment.

Chemical composition of initial clay material has effect on its antacid property. The use of claterial AVP as
pharmaceutic antacid was more justified by its eontin calcium carbonate. The later was mixed inabée

proportions with MY41g in an attempt to have anaait effect that is closed to that of a pharmacaugnti-ulcer
formulation. The search for the better mixing pntjpm have permited to establish that for a totdidsphase of 2.5
g, the weight proportion of calcium carbonate imited at arround 4.5%. From this limit, antacid govand
buffering effect of a formulation containing 2% edlcium carbonate was compared to that of samptesct and
Bedelix and it was concluded that this mixture dobk used as an antacid. This formulation has tacia@npower
higher than that of pharmaceutical clay based sli{&necta) and a buffering behavior similar to tfathe same
pharmaceutical clay based drugs (Smecta).
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