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Interaction Studies of Oxytetracycline with Metallic and 
Nonmetallic Adjuvants 

By JOHN L. LACH and MICHAEL BORNSTEIN* 

Spectral data are presented for chemisorption studies of oxytetracycline and oxy- 
tetracycline HCI with a number of metallic adjuvants containing aluminum, calcium, 
magnesium, zinc, and sodium ions as well as for some nonmetallic adjuvants includ- 
ing stearyl alcohol, cetyl alcohol, stearic acid, silica gel, starch, tannic acid, traga- 
canth, and polyethylene glycol 6000. The interactions, studied with equilibration, 
compression, and moisture techniques, indicate that a metal ion or polyfunctional 

adsorbent molecule is necessary for these charge transfer interactions. 

ix PREVIOUS reports (I, 2), Lach and Bornstein 
have demonstrated that several drugs undergo 

chemisorption wit.h a number of pharmaceutical 
adjuvants. Using diffuse reflectance spectros- 
copy (DKS), it was shown that  salicylic acid. 
phenothiazinc, anthracene, prednisone, and hy- 
drochlorothiazide form complexes with a number 
of adsorbents commonly used in pharmaceutical 
dosage forms. Furthermore, i t  was pointed out 
that these reactions niay occur either by com- 
pression techniques or equilibration of the com- 
ponents of the complex in aqueous or nonaqueous 
media. Interaction properties of oxytetracycline 
with inagnesium trisilicate and activated alumina 
'were also investigated, and results indicate that  
:DRS of equilibrated or compressed samples pro- 
!duce large bathochromic shifts and intensity 
changes accompanied by significant visual color 
variation, indicative of charge transfer inter- 
actions. 

The purposc o f  this investigation is to  further 
study this oxytetracycline interaction with 
various metallic and nonmetallic adjuvants. 
Information from this investigation would give 
additional information as to the possible nature of 
thc mechanism or mechanisms involved in  this 
interaction. 

EXPERIMENTAL 
Reagents.-Recrystallized oxytetrxcycline, m.p. 

182" dcc. (Pfizcr & Co.), oxytetracycline IXCI (Pfizer 
& Co.) ,  calcium phosphate (dibnsic), calciuim 
pliosphate (tribnsic), calcium hydroxide. calcium 
carbonatc, calcium stcarate, cetyl alcohol, stcaryl 
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alcohol, stearic acid, magnesium stcaratc, mag- 
riesiurn oxide, magnesium hydruxide, magnesium 
trisilicatc, magnesium chloride, magnesium silicate,' 
magnesium carbonatc, magnesium sulfate, talc, zinc 
stearnte, alutnitiutn hydroxide, silica gel, polyethyl- 
ene glycol 6000,* starch, tannic acid, acacia, traga- 
canth, and dehydrated ethanol. 

Procedure.-The routine experimental procedure 
for prcparing tlic complexes and mcthod of analysis 
have been described in a previous cornrnunicatiori 
(1). All samplcs have been prepared by equilibra- 
tion in 25 1111. of distilled water for 24 hr., except 
when otherwisc indicated (2). 'rhc following is a 
special technique adopted for this study. 

Xfoisture Effects.-This study involves the es- 
posure of dried, physically tnised drug-adjuvant 
compouents to  humidity conditions. Thc control is 
prepared by triturating a rnixture of drug and 
adjuvant which werc first individually vacuum 
dried for 0.5 hr. a t  115"; the DRS of this physical 
mixture is then measured. 

The moist sarnple is prepared by transferring n 
portion of this physical mixture onto an cvaporating 
dish and placing it in a wax sealed desiccator in 
which water is substituted for the desiccant; 
the material is then allowcd to stand in this humidity 
chamber for a dcsignated pcriod, aftcr which time 
the inoist sample is removed and its IIRS is mea- 
surcd. 

The above moist samplc may also be vacuum 
dried for 0.5 hr. at 115' prior to DRS reading, in 
order to eliminate spectral moisture effects. 

Past Work.-The complexes of intercst in thcsc 
studies vary in dcgrce bctiveen the weaker van der 
Waal variety discussed by Higuchi and Lach (3), 
whose energy of reaction is derived mainly from 
dipole-dipole intcractious, to the stronger intermo- 
lecular electron excliange mechanism described by 
McGlynn (4). These stronger charge transfer trari- 
sitions of donor-acceptor complexes are oftcn found 
asabsorbancee bands in the near U.V. or visible 
region of the electromagnetic spectrurri. According 
to Audrews and Keefer (5), this is oftcn the casc when 
acceptors are T acids. 

Other pertinent reports in this area include corn- 
~ 
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plcx formation studies bctwccn :rtljuvnnts ((i. 7) 
arid various medicinal agents. Several examples 
may also bc citrd which dcal with the complex 
formation of multivalerit metallic cations, including 
Mg2+ and CaZ+, with tetracyclines (8, 9j. Other 
:tudies deal with the ability of magnesium, calcium, 
and aluminum (10-12) to alter the antibacterial 
:&on of various tetracyclines. 111 view of these 
developments, it is not surprising to  find literature 
reports indicating significant gastrointestinal ah- 
sorption differcnces between complexed and UII- 
complcxed forms of tetracyclines (13, 14). 
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Aiiother aluiiiiriuiii-coritaiuing systeiii, Fig. 2, 
represents spectra ol aqueous equilibration o f  a dry 
physical mixture of oxytetracycline with alumitiutn 
hydroxide. Although the bathochromic shift is  
somewhat different from that  of the ahnninunr 
sulfate interaction, the change in intensity is greater. 
This hypcrchromic change in intensity is acco~ii- 
panied by a new band formation a t  310 mp. Pnssi- 
ble reasons for this band forriiation have been pre- 
viously discussed (1, 2). 

111 addition to  the alumiriuri~-containing adjuvants 
mentioncd above, several calcium-coiitaiiiiiig sys- 
tems were also investigated. These adjuvants also 
react with oxytetrarycline producing the usual 
bathochromic shifts accompanied by significant 
hyperchromic changes, new hand forrnatiori, as well 
as additional shoulder formation in the visible re- 
gion. It should also be pointed out that  visual 
color changes in calcium-contaiiiing systems were 
smaller than thosc described in thc aluminum-con- 
taining adjuvants; here a color change from light 
yellow to a deeper more intense yellow was often 
noticed. Spectral data of oxytctracyclinc-calcium 
hydroxide equilibration, found in Fig. 3, point out 
some of these changes between the physically mixed 
control (.4) and the equilibrated sample (B) .  An 
examination of this figure illustrates the fact that  
thc bathochromic shift in this calcium hydroxidc 
system is similar in magnitude to the alurniriurri 
hydroxide system found in Fig. 2. A differcncc 
between these two figures is evident, however, since 
thc calciuin-contaiiiiiig system has a smaller inten- 
sity change, especially in the region of 310-330 mp 
where oxytetracycline-aluminum hydroxide band 
formation is more intense than that observed with 
the corresponding calciuni hydroxide system. 
Ncvertheless, calcium hydroxidc docs appear to 
react with oxytetracycline, as seen from various 
spectral changes in Fig. 3. 

Other oxytetracycline systems producing similar 
spectral changes with aqueous equilibration to thosc 
described above include systems containitia oxy- 
tetracycline with calcium carbonate, or calciuni 
stearate, not shown in this communication due to  
space consideration. 

Spectral data of aqueous equilibration of dibasir 
calcium phosphatc or tribasic calcium phosphate, 
with oxytetracycline are somewhat similar to that 
of calcium hydroxide with a bathochromic shift of 
80 mp and small band formation for oxytetracyclinc- 
CaHPOl while the oxytetracycliiie-Ca3( P04)2 sys 
ten1 shows a 30 nip bathochrornic shift accorripanietl 
by intensity changes similar t o  thosc scen with the 
dibasic salt. Color changes from faint yellow to a 
deeper yellow were also observed in these calciniri~ 
containing systems. This interaction difference 
between CaHPOl and Cas(POa)2 with oxytetra- 
cylinr may bc attributed to  thc tact that  the. fornivr 
salt has a proton which could more easily provide i t i i  

active site for interaction, because of its greatcr 
tcndcncy to  accept clectrons from the adsorbatc. 
It is also possible that  a greater degree of hydrogeii 
bonding is facilitated with CaHPO4 systems as 
discussed in a previous report (2). 

Another group of metal adjuvants investigated 
were thosc containing magnesium ions. Figure 4 
represents spectra of an equilibrated and t i o i i -  

equilibratcLd oxytetracyclitie-inagiiesiuiii hydroxidc 
system. The changes observed aftcr cquilibration 

RESULTS AND DISCUSSION 

Survey of Adjuvants with 0xytetracycline.--As 
has been pointed out, this investigation was under- 
takcri t o  further study a nuniber of oxytctracycline- 
adjuvant systems with rcspect t o  this intcraction 
:.~nd the possible mechanism( s) involved. ..\ number 
of representative spectral systems are presctitcd and 
discussed. Other spectral data obtained in this 
study arc not included in this rcport due to space 
consideration; however, they are included in the 
rliscussinn. 

Spectral data presented in Fig. 1 illustrate the 
interaction between osytctracycline and nlumiiium 
sulfate. Here curve B represents an ouytetra- 
cyclirie-alurninutii sulfate system. equilibrated in 
tlehydratcd ethanol, whilr the physical dry mixture 
(control) is represented by curve A. Spectra C and 
1) (Fig. 1) represent curves of the individual alunii- 
iium sulfate and oxytetracycline components, respec- 
tively. An examination of thcse spectra reveals 
that  the alcohol-equilibrated sample is significantly 
different from the physically iiiiued control arid also 
from the spectra of thc individual components. 
These differences include a large bathochromic shift 
oi approximately 200 m p  in the visible region, 
accompanicd by an intensity change in the 1 J.17. 

rcgion. Visual evidence of this interaction was also 
noted by a color change between the control and 
samplc, where the physical mixture had a faint 
yellow color while the alcohol-equilibrated sample 
acquired an orangc huc. Thew large spectral and 
physical differences are indicative of a strong charge 
transter interaction (1, 8. 15). Similar spectral 
changes were also observed when equilibrating 
nxytctracycline with anionotropic and cationotropic 
a.luniina (1) in aqucous media. The nature of the 
solvcnt (aqueous or nonaqueous) apparently does 
not interfere significantly with this interaction, as 
lias been previously pointed out (l), thus indicating 
a. high degree of cheniisorption. The presence of this 
strong interaction is further illustrated by the fact 
that  the alcohol equilibrated oxytetracycline- 
:~luniinuni sulfntc sample (Fig. 1, R )  produrPs n. 
200 nip bathochrorriic shift, occurring at a hixher 
vmvelengtli than that for the reflectance spectrum 
amf pure oxytetracyclinr (Fig. 1, I)). This spertral 
observation Surther substantiates this strong inter- 
action in that  a summation of the drug-adjuvant 
spectrurii would not result in this degree of change. 
It is of further interest t o  point out here that  thc 
addition of water t o  a mixture of oxytetracycline 
and alumina results in the releasr of a noticeable 
aniuunt of heat dorig with the formation of bubbles, 
again inrlicating a large degrec oi interaction tor this 
exothcrmic system. 
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oxytetracycline spectrum shifted to any appreciable 
degree after equilibration, as was expected. There 
is neither evidence of signiiicant intensity variation, 
new band formation, shoulder formation, nor visual 
color change. The small variation in reflectance 
observed may be due to particle size difference, light 
scattering, or weak electrostatic attractions (2). 
Similar spectral results were also obtained on 
equilibrating oxytetracycline with stearic acid. 

Since calcium stearate, magnesium stearate, zinc 
stearate, and other metal-containing adjuvants 
react strongly with oxytetracycline, as evidenced by 
large spectral changes, while stearyl alcohol, cetyl 
alcohol, and stearic acid do not, the intcractions 
observed are primarily due to the metallic ion 
portion of the adjuvant. The other spectral arid 
visible color observations prcviously indicated 
(1, 2 j  further suggest that this is a charge transfer 
chelation interaction. 

It should be pointed out, however, that other 
nonmetallic adjuvants, containing polyfunctional 
groups, show spectral changes on equilibration with 
oxytetracycline, although these systems have in- 
herently different spectral characteristics. An 
example of this type of change may bc found in 

m u  

Fig. l.-DRS of oxytetracycline (50 mg.) and 
aluminum sulfate (2.00 Cm.), equilibratcd in dc- 
hydrated ethyl alcohol. Key: A, control (physical 
mixturc) ; B, equilibrated sample; C, aluminum 
sulfate, 100%; D, oxytetracycline, 1 0 0 ~ o .  
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Fig. 2 - -DRS of oxytetracycline (50 mg.) and 
aluniiiium hydroxide (2.00 Grn.). Key: A, con- 
trol; B, sample 
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"1 I 
Fig. 3.-DKS of oxytetracycline (50 mg.) and 

calcium hydroxide (2.00 Gm.). Key: A, control; 
R ,  sample. 

again include a bathochrorriic shift of about 50 mp, 
a hyperchroniic change, new band formation as well 
as a shoulder formation at  500 mp. Similar spectral 
changes were observed with other oxytetracycline- 
magnesium-contaiiiiiig systems investigated. Iri- 
chided in this group are talc (native hydrated 
magnesium silicate). magnesium oxide, rnagnesiuni 
stearate. and synthetic magnesium silicate.' The 
interactioii o f  oxytetracycline with synthetic mag- 
iiesiuni silicate produces a bathochromic shift, inten- 
sity change, band formation, and shoulder formation 
to a greater degree than talc due to this material'.: 
high surface area, high porous structure, largc iii- 
tertial surface, and high adsorption capacity. Sirn- 
ilar changes were also observed on equilibrating- oxy- 
tetracycline with zinc stearate, although the visual 
color change was not as pronounced. 

Since data indicate that these interactions niay be 
due primarily to the metallic ion in these systems, a 
study of nonmetallic adjuvants with respect to these 
intcractions was undertaken. The interaction of 
oxytetracycline with stearyl alcohol or cetyl alcohol, 
shown in Fig. 5, illustrates this lack of interaction 
involved. An examination of this figure indicatcs 
that neither the stearyl alcohol, nor cetyl alcohol- 

1W I _. 
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Fig. 4.-DRS of oxytetracycline (50 mg.) and 
magnesium hydroxidc (2.00 Gm.). Key: A, con- 
trol; B, sample. 
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Fig. 5.--URS of oxytetracyclinr (50 mg.) with 
stearic acid (2.00 Gm.) or with cetyl alcohol (2.00 
Gin.). Key: A, oxytetracycline-stearic acid con- 
trol; B, oxytetracycline-stearic acid sample; C, 
oxytetracycline-cetyl alcohol control; D, oxytetra- 
cycline-cetyl alcohol sample. 
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Ftg. 6.-DRS of oxytetracycline (60 mg.) and acacia 
( 2  00 Gin ). Key: A,  control, B, sample. 
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Fig. ti. showing spectra of an equilibrated and i io i i -  

equilibrated oxytetracycline-acacia system. Since 
acacia is a polyfunctional material, it  is reasonable 
to assume that one or more of the functional groups 
may react with oxytetracycline by a donor-acceptor 
mechanism (16), producing the observed spectral 
change in the visible region. I t  should also be 
pointed out that other adjuvants. including tannic 
acid and starch, react with oxytetracycline to give 
similar changes; spectra of these systems are not 
presented due to space considerations. Figure 7 
represents the spectra of an equilibrated atid noii- 
equilibrated oxytetracycline-polyethylene glycol 
6000 system. The large bathochroniic shift, hyper- 
chromic effect, and visual color changes observed 
in equilibrating this system may again be attributed 
t o  an interaction between oxytetracycline and tht. 
ether linkage of the ethylene oxide units uf the 
polyethylene glycol polymer. This observation is 
in agreement with published reports dealing with 
polyethylene glycol interactions in aqueous solu- 
tion (3, 17). A bathochromic shift of similar 
magnitude, along with a visual color change from 
light yellow to a deep red-brown, was also observcd 
on equilibrating oxytetracycline with silica gel. 
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Fig. 7.-DRS of oxytetracycline (50 mg.) and 
polyethylene glycol 6000 (200 Gm.). Key: A, 
control; B, sample. 
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Fig. 8.-DRS of oxytetracycline HCI (50 mg.) 
and magnesium trisilicate (2.00 Gm.). Key: A, 
control (physical mixture); B, physical mixture 
left in moisture chamber for 24 hr. and vacuum 
dried; C ,  sample, equilibrated for 24 hr. 
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Fig. 9.-DRS of oxytetracycline (50 mg.) and 
sodium chloride (2.00 Gm.) study of moisture and 
drying effects. Key: A, control (physical mixture); 
B, physical mixture left in moisture chamber for 3 hr. 
and  measured as the moist sample; C, spectrum of 
vacuum dried moist sample. 
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Fig. 10.-DRS of oxytetracycline (50 mg.) and 
magnesium sulfate (2.00 Gm.) Key: A, control, 
B, moist sample, remained in moisture chamber for 
12 hr.; C ,  dry oxytetracycline, 10056, D, moist 
oxytetracycline, remained in moisture vessel for 
12 hr , 100%. 
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Fig. 11.-DRS of oxytetracycline HC1 (50 mg ) 
and magnesium trisilicate (2.00 Gm.) studied with 
moisture effects and moisture effects iollowcd by 
comprcssion. Key. A, control (physical mixture); 
B, physical mixture left in moisture chamber for 30 
hr. and measured as a moist sample; C, compression 
of the moist sample (B) a t  30,000 p.s i .  for 5 min. 

Particle-Size Variation.-Since particle size may 
produce variation in the reflectance spectrum ( 18), 
the authors' preliminary study dealing with this 
aspect indicates that some variation was obtained, 
;rlthough the changes arc of a minor nature. For 
cxample, the spectrum of an equilibrated oxytctra- 
cycline-tnagtiesiuiii trisilicate complrs was not 
altcrcd to any significant degree when this cquili- 
hrated sample was subjected to  reduction in particle 
size by homogenizing the powder for 0.5 hr. with the 
use of a Virtis blender. An examination of the 
filtered, vacuum dried sample's spectrum was com- 
parable to that ot the equilibrated control. 

Although variation in particlc size does liave some 
effect on the regular reflection ( l j ,  the general 
characteristics of the control and homogenized 
sample spectra were essentially similar except for 
minor variations in the order of 3=2(%. 

Moisture Effects: -Since solid pharmaceutical 
dosage forms involve the use of escipierit materials 
such as fillers, binders, disintegrators, and lubricating 
agents, and since a certain percentage of moisture 
is necessary for the preparation of such dowgc 
forms, as in the case of tablets, a preliminary iii- 
vestigation dealing with the effects of moisture was 
undertaken. Results presented t h u s  far, dealing 
with drug-adjuvant interactions, were facilitated 
by compression or by equilibration techniqucs, 
eithcr in aqueous or nonaqucous media. The 
present study involves the exposure of the dried, 
physically niixecl drug-adjuvant components to 
humidity conditions for various time intervals. 

Figure X illustrates this moisture effect with 
respect to spectral changes. Here curve .4 is the 
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chromic shift of about 150 nip is observed with a 
corrcspondiny oxytetracycliiic-niR#ncsiuin cllloridc 
system. The greater spectral shift observed with 
the magnesium chloride system would be expected 
sincc magnesium chelates of oxytetracycline are 
known, and the interaction would be of a stronger 
variety than that produced by the sodium salt. I t  
is ititcresting to point out again, however. that these 
changes are not observed between a physical mixture 
and moist sample of oxytetracycline and stenric acid. 
Spectral curves of the latter two systems have not 
been presented due to space considerations arid chela- 
tion explanations for these differences haw been dis- 
cussed in previous sections. 

Curves C and L) (Fig. 10) represent spectra of dry 
and moist oxytetracycline, respectively. It is 
evident from these curves, and other adjuvant 
spectra1 data, that moisturc cffects of the individual 
components of these complexes are minor compared 
to thc hugr spectral diff crenccs whcn a physical 
drug-adjuvant mixture is allowed to remaill in a 
moist enviroument. 

The significance of such interactions can be casily 
applied to the area of tabletirig. The preparation 
of tablets usually rcquires that some moisture be 
present iu the process of granulation, prior to tablet 
compression. Although such interactions, if they 
do occur, are already present in these granules, the 
effect of compression further accentuatcs this inter- 
action. This cffcct is illustrated in Fig. 11, which 
reprcsents the dry physically mixed control (curve 
-k), the moist sample (curve B) ,  and thc compressed 
moist sample (curve C). An examination of the 
curves in this figure indicates that a greater degree 
of intcraction may be obtained under compression 
pressures, as represented by the increased intensity 
and bathochromic change, even though the sample 
has alrcady intcractcd duc to moisture chamber 
equilibration. Furthermore, vacuum drying of 
these moistiire equilibrated samples and subsequent 
compress[on does not destroy this interaction. 

CONCLUSION 
An examination of the large number of adjuvants 

which may react with oxytetracycline, together with 
the large spectral changes of specific systems, sug- 
gests the desirability of prelitniriary screening for the 
possible existence of such drug-adjuvant interac- 
tions in the formulation of dosage forms. Although 
no experimental data are available concerning thc 
effect of these surface interactions with respect to 
dissolution and adsorption rates, it is felt that the 
possible existence or such interactions should be 
recognized. l'hc literature docs, however. contain 
information which strongly suggests that such 
interactions are responsible for the variation in 
blood level drug concentrations. 

Since chemisorption primarily involves the surface 
area of the adjuvant, this typc of interaction may 
not be of great therapeutic value when the drug to 
excipient ratio is sufficiently large, in that the chemi- 
sorbed unimolccular layer covering the surface or 
the adjuvant does not manifest itself until all the 
other physically adsorbed layers of the drug are 
removed. However, such drug-adjuvant inter- 
actions are extremely important when thc ratio 
of the therapeutic drug to  the amount of adjuvant 
or excipient is extrcmcly low. In such ratios, the 
therapeutic agent primarily cxists as the interacted 

diffuse reflectance spectrutn of a dry physical mix- 
ture of oxytetracycline H C1 and magnesium tri- 
silicate and serves as the control. A portion of 
this dry physical mixture was then transferred onto 
an evaporating dish and placed in a wax-sealed 
desiccator in which water was substituted for the 
desiccant and allowcd to  stand for a period of 24 hr. 
This moist sample was then dried to eliminate 
rrioisture effects, and the DRS, rcpresentcd by Fig. 8, 
curve B, was taken. Figure 8, C, represents thc 
spectrum of physical mixture which has beeu 
vquilibratcd in water, filtered, and dried. An es- 
amination of curve B indicates that interaction docs 
take place under moist conditions since this curve 
is comparable to the spectrum of the equilibrated 
sample (Fig. 8, C), cxccpt for an intensity change 
and the shoulder formation at 475 mw. This greater 
intensity change, obscrvcd in the equilibrated sample, 
is probably due to a greater degree of interaction, 
since more surface area is cxposcd in equilibrating 
techniques. These spectral changes were accom- 
panied by the usual color change from light yellow to 
a deep yellow color. I t  is of interest to  note that 
thc spectra of pure dry and moist oxytetracycline 
HCI or magnesium trisilicate, cxposed to the same 
moist conditions, were similar in nature and did not 
vary by more than f2%. 

A similar effect is shown in Fig. 9, representing thc 
interaction of oxytetracycline with sodium chloride. 
Spectrum h represents a physical mixture (control) 
of vacuum dried osytetracycline and NaC1. h 
portion 01 this dried mixture was subjected to the 
moist humidity chambcr previously described, and 
allowed to remain in this atmosphere for 3 hr. 
The DRS of this moist sample was then obtained 
aud is reprcsentcd by curve B. Figure 9, C, 
represents the spectrum of this moist sample which 
was vacuum dried. It is interesting to note that an 
interaction was observed with NaCI (Fig. 9, B), 
which cannot be totally attributed to a moisture 
effect, since drying of this moist sample does not 
cause a reversal in the spcctrum back to the control, 
but instead, a higher degree of interaction rcsults 
(Fig. 9, C). This may bc explained on the basis 
that drying removcs some of the surface water 
molecules from the adsorbent, producing additional 
reactive sites which facilitate the increased chemi- 
sorption or interaction. 

Other adjuvant systems, invcstigated for oxy- 
tetracycline moisture eflects, include anhydrous 
magnesium sulfate, magnesium chloride, and stearic 
acid. An examination of Fig. 10 again points out 
large spectral changcs induced when a physical 
mixture of oxytetracycline and anhydrous mag- 
nesium sulfatc is allowed to sit in a moisturc cham- 
ber for 12 hr. Hcrc curve h represents a physical 
mixture of individually dried oxytetracycline and 
magnesium sulfate, while curve B is thc spectrum of 
a moist sample. These spectral changes along with 
an important color change from a whitish yellow to 
a deep yellow intensity are again indicative of a 
strong interaction. Similar spectral changes are 
also observed when subjecting an oxytetracycline- 
magnesium chloride mixture to  a moist atmosphere. 
A difference between the sodium chloride and 
magnesium chloride reaction with oxytetracycline 
does exist, however, since the moisture exposed 
oxytetracyclinc-KaC1 sample shifts, seen in Fig. 9, 
are of a magnitude of about 75 m p  while a batho- 
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uninioleculnr layer and would be expect ed to sig- 
nificantly alter tlic dosc rcsponsc obtained. I t  is well 
to point out here that such interactions would not 
only manifcst themselves in solid dosage forms, as 
in the case of tablets and capsules, hut could also 
occur in suspensions and ointments, where drug- 
adjuvant ratios are usually low. it is of signi6catit 
interest to point out liere that one cannot overlook 
the distinct possibility of thc crcipient itsclf cxisting 
as a cheinisorbed layer covering the surface of the 
drug resulting in similar alterations of thr physical 
or bioclierriical behavior of the rnedicarncrit in 
dosage forms whcrc the drug-adjuv:~nt ratios itre 
high. 

Data presented iu this study furtlicr illustrate 
the possibility that donor-acceptor interaction ol 
many varieties play :in important role iu these 
drug-adjuvant interactions. This has bccu illus- 
trated by different magnitudes of spectral shifts 
observed among aluminum, calcium, magnesium, 
ziuc, and socliuni-contairiing adjuvants as well as 
iioiimrtal-co~itnining excipients represented by 
stcaryl alcohol, stearic acid, cetyl alcohol, acacia, 
tragacatith, tatiriic acid. arid polyethylene glycol. 
'l'hc dcgree. of interaction obscrvedfurthcr dcpcnds on 
the nature of the drug and the type uf adjuvant used. 
For exatnplc, c:ilciuni-contniniii~ adjuvauts interact 
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'strongly wit11 osytetracycline but show vcry littlc 
interaction teudericy for anthraccnc. 

Studies are currently in progress in thcse labora- 
tories dealing with the effects of such interactions 
on various a.spects of drug dosage formulation and 
absorption, 
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LSD Analogs 

N-Methyl-N-p- (and m-) methoxyphenyl-p-alanine Derivatives 

By KENNETH J. LISKA, JAMES L. JOHNSON, JAMES P. MASTRIAN, 
and MARIE L. STEENBERG 

Patterned after a fragment of the LSD molecule, the ethyl esters, simple amides, and 
N,N-diethylamides of N-methyl-N-p- (and m-)methoxyphenyl-p-alanine were pre- 
pared for evaluation as psychotomimetics. Of five compounds tested, three exhibited 
some degree of antiserotonin activity in the isolated rat fundus preparation. One 

of these three appeared also to be anticholinergic. 

TTEMPTS IIAVE been made to  elucidate an A active psychotomimetic moiety in the lyser- 
gic acid diethylamide (LSD) Iriolecule (I, 2). 
In the present work, the i~-methvl-,~-phenyl-p- 
alanine fragment of LSD was selected for study; 
an electron-rich methoxy group pcmz or meta 
on the ring was intended to approxiinate the 
contribution made by the pyrrole nitrogen. 

The ethyl esters (R = OEt in p-alanine moiety 
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