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Abstract: In this survey magnesium salrn in the form of solid dispersions were studied to examine the 
interaction of the drug and lecithin or Betain L-7, The results of thermal analysis of solid dispersions 
containing magnesium adipate Mg[Adip] anJ compounds of this salt with glycine substituent. and the 
partition coeffident (logP) of this saits applied for solid dispcrsion, have been presented in this paper. 
Lecithin (45% phosphatidykholine) or Tego" Betain L-7 (30% solution of amide betaine) have been added 
to magnesium salts to obtain a solid dispersion. The influence of auxiliary substances: Tego" Betain L-7 and 
lecithin on physicochemkal propcrties of the examined preparations has been assessed. The results of 
thermal anaiysis ( DT A, DSC, TG) of rnagnesium com pl ex es indicatetl their good thermal res i stance up to the 

tem,lerature of 375 K. 
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Magnesium ion belongs to the basie cations 
conditioning proper functions of the human or
ganism (1-3). Magnesium preparations are applied 
not only to supplementary therapy of nurnerous 
illnesses related to magnesium deficit but also in 
prophylaxis. This invaluable element is eornrnonly 
used in pharrnaceutical preparations both as inor
ganic: (oxide, chloride, sulphide) and organie com
pounds such as: aspartate, gluconate, citrate. For 
orał forrnulations organie magnesium compounds 
seem to be the best because of their best absorption 
and the least side effects ( 4-6). Searching for new 
magnesium compounds of better therapeutic prope
rties inspired the research into new magnesiurn 
preparations (7,8). In this report, lecithin (45% 
phosphatidylocholine) or TegoR Betain L-7 (30% 
solution of amide betaine) were added to a rnag
nesiurn salt in order to obtain solid dispersions. 
Both phosphatidylcholine and amide betaines have 
hydrophilic and hydrophobic parts (9). 

These substances are good carriers of drugs. 
The research carried out on bioavailability of Mg 
ions frorn the solid dispersion containing rnag
nesiurn salts phospatidylcholine or magnesium 
salls-Tego RBetain L-7 showed a positive in
fluence of the above rnentioned auxiliary substan
ces. While continuing research on optimalization 
of drug form with Mg salts it seems purposeful to 
make analysis of thermal properties of the sys
tems. 
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In the process of drug permeability through 
the rnembrane, the biologically significant parame
ter is logP, partition coefficient which deterrnines 
lipophilicity. This parameter indicates the degree of 
drug distribution in the organism. 

Therefore, the properties of solid dispersions 
would be effected by these two factors. The first is 
the drug affinity to the hydrophilic and hydro
phobic parts of phosphatidylcholine, while the 
second is that phosphatidylcholine and drugs inter
acting through a hydrogen bond (IO, 11 ). 

This paper describes an interesting topie from 
the pharmaceutical point of view because bioavai
lability of magnesium is very important for the 
human health. The numerous studies were under
taken in order to elucidate the properties of organie 
and inorganic magnesium compounds. This paper 
is a continuation of them. This work rep01is about 
solid dispersions of magnesium salts - lecithin or 
of magnesium salts-TegoR Betain L-7 and their 
effect on the physicochemical properties. 

The thermal decomposition of magnesium co
rnplexes has been studied by M. Neantu et al. (12). 

The practical application of thermoanalytical me
thods in the cornposition control of solid and soft 
drug forrnulations have been studied by Wesołow
ski ( 13) and lzutsu (14 ). The thermal resistance of 
solid rnedicines is very important for the optimisa
tion of technological production process and can be 
characterised by parameters of DT A, DSC, TG 
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curves. M.Fujii et al. (15) examined the dispersion 
system containing benzodiazepins with phosphati
dylcholine. 

There is stili no data available conceming the 
influence of application of TegoR Betain L-7 (30% 
solution amide betaine) and lecithin (45%-phos
phatidylcholine) on thermal properties of disper
sional systems with magnesiurn salts. Evaluation of 
possibilites for introducing the auxiliary substances 
under exarnination of r.he process of finał forming 
of the drug was presented in this paper. 

EXPERIMENTAL 

Materials 
The solid dispersions contained: adipate mag

nesium MgfAdip] (288.8 rngMg2+/23.7 mEq/100 
g product), adipate-glycinate rnagnesium Mg[Adip
Gly] (199.8 mg Mg2+/16.4 mEq/l00g product) with 
l % and 1.5% Tego"BetainL-7(30% solution of 
arnide betaine-Goldschmidt AG), adipate-glycina
te magnesium Mg[Adip-Gly] (199.8 mgMg2+/]6.4 
mEq/100 g product) with I% lecithin (45% phos
phatidylcholine-Mayer Hamburg). They were pre
pared by a simple granulation of rnicronized mag
nesium salts mixed with lactose, sucrose 
(2: I: l w.w.) and with ethanol, added later. The 
solvent was evaporated in vacuo. The components 
lecithin or TegoR Betain L--7 were added at a con
centration of l % or I .5% of the solid dispersion. 

Methods 
Therrnogravimetry was carried out in air using 

a Paulik-Paulik-Erdey (MOM, Budapest) Deriva
tograph. The samples of powder weighing 80-326 
mg were analysed. Decomposition was carried out 
in platinum crucibles at a rate of 2.5 deg/min up to 
500 K using a-A'203 as standard materiał. Dif
ferentia] scanning calorimetry (DSC) was used for 
analysis. Measurements were performed using 
a Perkin Elmer DSC-7. Sarnples weighl was 
0.5-1 O mg. They were heated at a rate of 20 
deg/rnin in a dynamie nitrogen atmosphere, accor
ding to the Pyris Elmer program. All experiments 
were done in triplicate. 

Partition coefficient: The partition coefficient 
was deterrnined according to the Hansch theory 
( 16). 

A pH = 7.4 buffer solution containing c.a. 0.2 
mg/ml of the magnesium salt was vigorously sha
ken with the same volurne of n-octanol at 298 
K for 2 h. The partition coefficient was determined 
by rneasuring the drug concentration in the water 
phase before and after shaking. Drug concent
rations were determined by ultraviolet (UV) absor-

ption. Data were shown as the mean of three 
experiments. 

RES UL TS AND DISCUSSION 

Results are shown in Tables 1-2 and in Figu
res 1-3. The analysis of OT A curve provided 
inforrnation about the character of reactions proce
eding in the process of thermal decomposition of 
the examined compounds. The reactions of dehyd
ration and destruction gave endothermic peaks. The 
process of sample decomposition was registered up 
to the ternperature of 500 K. The DT A curves ( 1,2) 
analyses in Figure I showed that modification of 
the Mg[Adip] particie structure by introducinig 
arninoacid of glycine influences the change of 
stability of this compound. At a temperature of 
about 380K of the rnodified compound an endo
thermic peak can be observed while in the case of 
the basie structure of Mg[Adip], the endothermic 
phase occurs at a temperature of above 420 K. The 
ternperatures of the beginning and the extrerne 
point are slightly shifted to lower values. The 
analysis of OTA curves (3,3') in Figure I showed 
that powdered substance of solid dispersion has no 
influence on the thermodynamic phase characteris
tics. 

The presented results of derivatographic mea
surernents show that adding of the auxiliary sub-
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Figure I. DTA curves of the thermal dt:composition: 
I. of Mg f Adip] substance 
2. ot Mg!Adip--Gly l substance 
3. of solid dispersion with MglAdip-Gly] 
3'. of ;,olid dispersion with Mg[Adjp--Gly I (powdered substance) 

4 or solid dispersion with Mg[Adip-Gly I + I% lecithin 
5. of solid dispersion with Mg!Adip-Glyl + I% Tego" Betain L-7 
5'. of solid dispersion with Mg[Adip-Gly] + 1-5% Tego" Betain 
L-7 
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Figure 2. TG curves of thermal decomposition: 
I. of Mg[Adip] substance 
2. of Mg[Adip-Gly] substance 
3. of solid dispersion with Mg [Adip-Glyj 

400 

Temp. [KJ 

3'. of solid dispersion with Mg[Adip-Gly] (powdered substance) 
4. of solid dispersion with Mg[Adip-Glyl+ I% lecithin 
5. of solid dispersion with Mg[Adip-Gly] + 1% Tego" Betain L-7 
5'. of solid dispersion with MgJAdip-Gly] + 1.5% Tego" Betain L-7 

stances in the applied concentration has no influen
ce upon the character of thermodynamic phases. 
Accordingly, it seems that in this case the decom
position was practically the result of the same 
partia) reactions and their mechanisms between the 
courses were also similar. It can, therefore be 
concluded that these two substances may be used 
together in drug formulations. 

Comparing the curves (4,5,5') in Figure I, it is 
seen that in the case of application of the surface 
acting substance TegoR Betain L-7 at a 1.5% 
concentration the endothermic peak at a temperatu
re of 367 K is deeper. In the case of addition of the 
TegoR Betain L-7 at a 1 % concentration, the 
endopeak at the same temperature is shallow. The 
peak area of the effect is proportional to the 
concentration of the auxiliary substance. 

The results of TG analysis are in agreement 
with the DTA curves (Figures 1 and 2). 

The analysis of TG curves (1,2) in Figure 
2 showed that in the temperature range of 367 K to 
460 K the dehydration process takes place for 
Mg[Adip], then the loss of mass weight of 25 % (3 
water mole) was observed. However in the case of 
Mg[Adip-Gly] in the temperature range 358 
K - 458 K the loss of mass weight was equal to 
20% (3.8 water mol). Comparing TG curves (3,3') 
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Table I. Results of the thermal analysis DSC of solid dispersions 
containing magnesium salts 

Solid dispersion DSC peak LiH[kJ/mole] 
T [Kl 

Mg[AdipJ 400 39.62 
424 2.76 
461 2.44 

Mg[Adip-Gly] 377 24.37 
397 41.84 
426 2.89 
474 1.94 

Mg[Adip-Gly] 424 1.83 
+ lecithin. 461 10.33 

Mg[Adip-Gly] 406 1.91 
+ TegoR Betain L 7 423 4.21 

460 8.37 

in Figure 2, a great similarity is shown. In the 
temperature range between 360 K - 457 K, the 
dehydration process for solid dispersion with 
Mg[Adip-Gly], the loss in weight of 15% (2.4 
water mol) and in the case of the solid dispersion 
(powdered substance) with the modified salt of 
16.5% (2.7 water mole) were observed. 
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Table 2. Resuhs of the partition coefficients of magnesium salts for solid dispersions and substance 

I Mg[Adip-Gly] Mg[Adip-GlyJ I Mg[Adip] Mg[ Adip-Gly] I Mg[AdiJr-GlyJ + TegoR Betaine L-7 + lecithin 
I I substance substance 
I solid dispersion 

I 
solid dispersion solid dispersion 

I 
log P 0.487 0.642 

I 
0.562 

I 
0.346 i 0.810 I I I 

TG analysis refiects the influence of the ap
plied substances TegoR Betain L-7 and lecithin on 
the characteristics of these curves and on the 
process of thermal decomposition of solid disper
sion. 

To assess thermal resistance of samples, the 
TG curves were taken into consideration. The 
percentage of mass decrease was also determined 
(Figure 2). 

The processes of sample decomposition up to 
the temperature of 500 K (Figure 2, curves-
1,2.3,3') of solid dispersion with Mg[Adip-Glyl 
and substance: Mg[Adip] and Mg[Adip--Gly] but to 
475 K (Figure 2, curves-4,5,5') for the solid 
dispersion containing Mg[Adip--Gly] with the auxi
liary substances were conducted. DT A analysis of 
the examined systems showed that on increasing 
concentration of the auxiliary substance and ap-

300 350 

Figure 3. DSC curves of the thcrmal dccornposition: 
I. of solid dispersion with Mg[Adip] 
2. of solid dispersion with Mg[Adip-Glyl 

plication of mechanical stress (powdering) no sig
nificant influence upon their thermal properties was 
observed. That is why the systems were not ex
arnined in DSC analysis. 

Differentia! Scanning Calorirnetry (DSC) ena
bled us to estimate the enthalpy of the process. 
DSC curve analysis showed a significant influence 
of selected auxiliary substance on the transfor
mation value. This is shown in the data cornpiled in 
Table 1 and Figure 3. The enthalpy values are 
corresponding to the characteristic peaks of each 
compound. However, their shape is very similar to 
the curves of the decomposition of solid disper
sions. This is due to similar properties of the 
components of the matrix of solid dispersion. The 
DSC analysis curves showed that at a temperature 
of 400 K the endothermic peak is connected with 
dehydration of Mg[Adip], while the heat value of 

400 
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3. of solid dispersion with Mg[Adip-GlyJ + 1% TegoR Betain 1„7 
4. of solid dispersion with Mg(Adip-Gly] + J<,}. lecirhin. 
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such transformation is equal to óH=39.62 kJ/mole. 
At a temperature of 461 K a small endotherrnic 
peak is observed which is connected with the 
compound decomposition value of óH=2.44 
kJ/mol. In the case of a salt modified with glycine 
Mg[Adip-Gly ], the first endothermic effect at 377 
K shows dehydration process of the salt on the 
surface of which water was absorbed. At 397 
K another endothermic peak is observed which is 
connected with the dehydration process value of 
L1H=4 I .84 kJ/mole. Introduction of the aminoacid 
anion into the MgfAdip] molecule slightly intluen
ces thermal properties of the magnesium salt. 

Analysis of DSC thermogram shows that the 
auxiliary substances used do not cause additional 
thermal effects (Figure 3). Comparison of DSC 
curves shows that addition of the substances Te
goRBetain L-7 and lecithin influences the change 
of the first thermodynamic phase and decreases the 
enthalpy connected with them. 

As a result of this research. it was found that 
adding lecithin to magnesiurn salts slightly lowered 
the temperature of transformation. Results of the 
analysis of DSC curves. shown in Figure 3, indicate 
that auxiliary substances can be used for their 
further application. At a temperature of 424 K the 
solid dispersion of Iecithin and magnesiurn salts of 
thermal decomposition were observed. 

Comparison of the results of these two me
thods, DTA and DSC, has shown the move of the 
endothermic peak to the higher values, which is 
caused by the difference in heating speed. DT A and 
DSC are very useful analytical tools during the 
prediction of physicochemical incompatibility ( 13). 

Introducing of a ligand inio the structure of the 
exarnined compounds induces a change of physico
chemical properties. In Table 2 the results are shown 
of the measurements of the partition coefficient 
OogP) values for the exarnined magnesium salts 
contained in the solid dispersion. Logarithm of the 
partition coefficient between n-octanol and water 
phase was higher for a solid dispersion with TegoR 
Betaine L-7 (1.5% concentration), (log P= 0.562) 
than for this same salt with lecithin (log P=0.346). 

The obtained results would be compatible 
with the above considerations. So, it is considered 
that the chernical structure is an irnportant factor of 
the formation of solid dispersion. 

CONCLUSIONS 

I. The modification of magnesiurn salt with 

aminoacid substituent. intluences its physicocherni
cal properties. 

2. The use of TegoRBetain L-7 (30% solution 
amide betaine) and lecithin ( 45% phosphatidyl
choline) in solid dispersions causes a decrease of 
transfom1ation temperature, slightly influences the 
value LiH. 

3. The above auxiliary substances can be 
applied in the solid dispersions, they have an 
influence on logP. 

4. The addition of TegoR Betain L-7 (30% 
solution amide betaine) to the solid dispersion is 
more adventagecus than the additation of lecithin 
(45% phospatidylcholine). 
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