Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 8(6), 819-831 (1982)

AMPICILLIN-DIRECT COMPRESSION EXCIPIENTS:
PREFORMULATION STABILITY SCREENING USING
DIFFERENTIAL SCANNING CALORIMETRY
Hamed Hamed E1-Shattawy
Department of Pharmaceutics, Division of Pharmacy, Faculty of Medicine,
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ABSTRACT

Differential scanning calorimetry was used as a screening tech-
nique for assessing the compatibility of anhydrous ampicillin with
some of the direct compression excipients. Anhydrous ampicillin was
found to be compatible with Avicel PH 101, Avicel PH 105, Elcema F 150,
Elcema G 250, Sta-Rx 1500 and Cab-0-Sil, while incompatible with sor-
bitol, Di-Pac and dicalcium phosphate dihydrate. Anhydrous ampicillin
appears to form complexes with mannitol, granular mannitol and Brownex
sugar after their melting transitions. It appears that stearic acid
and L-(-)-leucine can be used as lubricants in formulations contain-
ing anhydrous ampicillin while magnesium stearate cannot.

INTRODUCTION

Simonl, Jacobson and Reierz, Lee and Hersey3 and Geneidi et a1.4_6
have utilized differential thermal analysis (DTA) as a tool for the
rapid evaluation of interactions of drugs with excipients in preformulation
stability studies. Guillory et a1.7 evaluated the utility of thermal

methods, including OTA, for the detection of possible interactions
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occurring between solid components of pharmaceuticals. Geneidi et a1.6
concluded that DTA at the preformulation stage offers a possible help
in the solution of the problem of drug-drug and drug-additives inter-
actions.

Although differential scanning calorimetry (DSC) yields data which
are inherently more quantitative and more amenable to theoretical in-
terpretation than the technique of DTA, it does not seem to have been

used as widely at the 1atter8. Kono et a].g utilized DSC in a study

of comaptibility problems involving phenobarbital. El-Shattawy et a].lo
previsouly used DSC as a screening technique for assessing the com-
patibility of aspartame with some of the direct compression excipients.
In this investigation, the author used DSC in preformulation stability
studies on anhydrous ampicillin.

Ampicillin and its sodium salt were reported to be incompatible

11-13 14-17

with several pharmaceuticals A number of reports indicated

that injections containing dextrose, sodium chloride, or dextrose and
sodium chloride, laevulose and sodium lactate caused the inactivation
of ampicillin sodium. Lynn18 found that the stability of ampicillin
sodium was adversely affected by the addition of glycerol or propylene
glycol.

Hem et a].lg studied the formation of 1:1 molar complexes between
sucrose and a number of peniciliins including anhydrous ampicillin,
Ampicillin was found in that study to have a much lesses degree of

20 \tilized DSC to confirm the formation

complexation. El1-Shattawy et al
of 1:1, 2:3 and 1:3 molar complexes between ampicililin, anhydrous and
trihydrate, and anhydrous dextrose.

In this study the author investigated the compatibility of an-

hydrous ampicililin with some of the direct compression excipients.
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This is achieved by comparing the DSC thermogram of ampicillin and
each of the investigated excipients with 1:1 mixtures of ampicillin
and excipient. Although it cannot be conclusively stated that an interaction
incompatibility will occur during storage at room temperatureB, DSC
can distinguish between those excipients unlikely to cause a problem
and those that may cause trouble and thereby a more rational approach
to early formulation designs can be established.
EXPERIMENTAL

Materials

THe following materials were used: anhydrous ampicillin (Wyeth),
Avicel PH 101 and Avicel PH 105 (FMC), Elcema F 150 and Elcema G 250 ‘
(Dequssa), Sta-Rx 1500 (Staley), Cab-0-Si1 (Cabot), mannitol and
granular mannitol (ICI Americas), sorbitol (Pfizer), Brownex sugar
and Di-Pac (Amstar), dicalcium phosphate dihydrate (Baker), stearic
acid (Ruger Chemical), L-(-)-leucine (Eastman Kodak) and magnesium
stearate (Mallinckrodt}.

Differential Scanning Calorimetry

Samples (2-8 mg) were weighed, after being finely powdered, and
encapsulated in flat-bottomed aluminum pans with crimped-on 1lids.
Volatile sample pans with tightly sealed 1ids were used for those
samples containing L-{-)-Teucine. The samples were heated in an
atmosphere of nitrogen and thermograms were obtained on a Perkin-

Elmer DSC-1B Differential Scanning Calorimeter. Thermograms were
obtained by heating at a constant heating rate of 10°¢ per minute,

a constant range setting of 8 mcal per second and recorded at @ constant
chart speed of one inch per minute. The individual substances and

1:1 physical mixtures of ampicillin and excipients, prepared with mortar

and pestle, were heated over the temperature range, 30 to 250°C.
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The area under the differential scanning calorimetric heating
curve was measured using a K & E planimeter, and the heat of transition

was then calculated as described previouslylo.

At least two replicates
were made for each DSC thermogram.

RESULTS AND DISCUSSION

In a previous 1nvestigation20, anhydrous ampicillin has been
shown by DSC to exhibit no transition when scanned over the tempera-
ture range of 30 to 214°C. At 214°C anhydrous ampiciilin decomposed.
Avicel PH 101, Avicel PH 105, Elcema F 150, Elcema G 250, Sta-Rx 1500
and Cab-0-Si1 exhibit no transition when scanned individually over
the temperature range of 30 to 350°C10. Therefore, DSC thermograms
of mixtures of the excipients with anhydrous ampicillin will reflect
the characteristic features of the thermograms of each component if
no interaction occurred. This is indeed the case as the resulting DSC
thermograms showed no transition over the temperature range of 30 to
about 200°C At about 200°C,decomposition peaks corresponding to an-
hydrous ampicillin decomposition, with a slight shift to lower tempera-
tures, were observed.

The DSC thermogram of mannitol (Trace 2 of Figure 1) showed a melt-
ing endothermic peak with an average transition temperature range
from 155-169°C and with an average maximum peak of transition at 166°C.
No decomposition was observed on scanning until 300°¢C. The DSC thermo-
gram of anhydrous ampicillin-mannitol mixture (Trace 3 of Figure 1)
showed an endothermic peak corresponding to the melting transition
of mannitol. The down curve of this peak continued below the scan-
ning base line to form a small exotherm, with an average transition
temperature range from 169-172°C and with an average maximum peak of
transition at 170°C, before decomposition occurred at 172°C.  This

small exothermic peak may be attributed to the formation of ar anhydrous
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FIGURE 1

DSC thermogram of ampicillin (1), mannitol (2) and
1:1 ampicillin mannitol mixture.
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FIGURE 2

DSC thermogram of ampicillin (1), granular mannitol (2) and
1:1 ampicillin-granular mannitol mixture (3).
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ampicillin-mannitol complex. The immediate decomposition of the anhydrous
ampicillin-mannitol mixture after the melting transition and at temper-
atures markedly Tower than those of the pure respective original com-
ponents is in agreement with previous concTusions?'O in that complexed
ampicillin decomposed at markedly lower .temperatures than uncomplexed
ampicillin. This finding is also in agreement with the conclusion

of Hem et a].19 in that the complexed peniciilin degrades 5-6 times

as fast as the uncomplexed penicillin and results in an increased

overall rate of degradation. The enthalpy change of the mixture was
found to be 28.02 cal/g, i. e., guantitatively identical to the predicted
value calculated from the exact percentage contribution of mannitol

to the total enthalpy change of the mixture indicating no incompatibil-
ity between anhydrous ampiciliin and mannitol before the melting transi-
tion, i. e., before 155°C.

The thermal behavior of granular mannitol, alone and in physical
mixture with anhydrous ampicillin, was found to be more or less the
same as with mannitol and is illustrated in Figure 2.

The DSC thermogram of sorbite]l (Trace 2 of Figure 3) showed a double
peaked transition, the first one with a transition temperature range
from 65-80°C and with a maximum peak of transition at 78°C, the second
one with a transition temperature range from 80-94°C and with a max-~
imum peak of transition at 90%c. No decomposition was observed on
scanning until 240°C10. The DSC thermogram of the anhydrous ampicillin-
sorbitol mixture (Trace 3 of Figure 3) showed the same double peaked
transition with the same transition temperature range and maximum
peak of transition. The enthalpy change, cal/g of the first peak
was found to be 71.8% the predicted value calculated for the mixture

first peak. It has been reported that sorbitol is hygroscopic and
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FIGURE 3

DSC thermograms of ampicillin (1), sorbitol (2) and
1:1 ampicillin-sorbitol mixture.
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FIGURE 4

DSC thermogram of ampicillin (1), Brownex sugar (2) and
1:1 ampicillin-Brownex sugar mixture.

that its moisture content could make it deleterious to most active

21’22. As the first sor-

ingredients with which it might be tableted
bitol endotherm occurs from 65°to 800, it is possible that the incom-

patibility of sorbitol with anhydrous ampicillin may be due, in part,
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FIGURE 5

DSC thermogram of ampicillin (1), Di-Pac (2) and
1:1 ampicillin-Di-Pac mixture.

to moisture present in sorbitol. The decomposition of anhydrous
ampicillin-sorbitol mixture was found to be at about 170°C, i, e.,
markedly lower than those of the pure respective orginal components.
Trace 3 of Figure 4 is the thermogram of an anhydrous ampicillin-
Brownex sugar mixture which shows the same phenomena as in the case
of the anhydrous ampicillin-mannitol mixture, but the exotherm that
followed the melting endothermic transition of the mixture is sharp and
more distinct. The mixture decomposed at 188°C immediately after the
melting transition and at a temperature Tower than those of the pure
repsective original components. The enthalpy change of the mix-
ture was found to be guantitatively identical to the predicted value
indicating no incompatibility between anhydrous ampicillin and
Brownex sugar before the melting transition, i. e., before 165°C.
Trace 3 of Figure 5 is the thermogram of an anhydrous ampiciilin-
Di-Pac mixture, which shows the melting endothermic peak correspond-

ing to Di-Pac with the transition temperature range and maximum peak
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FIGURE 6

DSC thermogram of ampicillin (1), dicalcium phosphate dihydrate (2)
and 1:1 ampicillin-dicalcijm phosphate dihydrate mixture.

of transition shifted to lower temperatures. As in the case of the an-
hydrous ampicillin-mannitol mixture, the melting endothermic peak was
followed by a small exotherm before decomposition occurred at 186°C,

i. e., immediately after the melting transition and at a temperature
markedly Tower than those of the pure respective original components,
The enthalpy change of the mixture was found to be 86.1% of the pre-
dicted value indicating the possible incompatibility between anhydrous
ampicillin and Di-Pac under these conditions. Di-Pac is prepared by
the co-crystallization of sucrose with small amounts of modified
dextrinsZI. Therefore, its interaction with anhydrous ampicillin is

3 who found a reaction between

in agreement with Schneider and de Weck2
benzylpenicillin and a number of carbohydrates, including reducing
sugars, nonreducing sugars, dextran and simple giycols.

The DSC thermogram of dicalcium phosphate dihydrate (Trace 2 of Figure

6) showed a broadened transition corresponding to the loss of water
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FIGURE 7

DSC thermograms of ampicillin (1), stearic acid (2) and
1:1 ampicillin-stearic acid mixture (3).

of crystallization followed by a melting endothermic peak with a tran-
sition temperature range from 172-202°C and with a maximum peak of
transition at 191°C. Trace 3 of Figure 6 is the thermogram of anhy-
drous ampicillin-dicalcium phosphate dihydrate mixture, which shows
the broadened transition corresponding to the loss of dicalcium phos-
phate dihydrate water of crystallization followed by the melting endo-
thermic peak of the latter but with the transition temperature range
and the maximum peak of transition shifted to lower temperatures.
A decomposition peak was traced at 198°C corresponding to anhydrous
ampicillin decomposition with a slight shift to lower temperature.
The enthalpy change of the mixture was found to be 48.8% the pre-
dicted value indicating the possible incompatibility under these
conditions.

Trace 3 of Figure 7 is the thermogram of anhydrous ampicillin-
stearic acid mixture which combined the features characteristic of
the thermograms of each component, but with anhydrous ampicillin

decomposition slightly shifted to lower temperature at 191°C. The
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FIGURE 8

DSC thermogram of ampicillin (1), magnesium stearate (2) and
1:1 ampicillin-magnesium stearate mixture (3).

enthalpy change of the mixture was found to be quantitatively identi-
cal to the predicted value indicating no incompatibility under these
conditions. This finding is in agreement with Jacobson and Reier'2
who concluded that the DTA thermal pattern for the ampicillin trihy-
drate-stearic acid mi xture showed no significant alterations and
that mixture was presumed to be stable.

L-(-)-Teucine exhibits no transition when scanned over the
temperature range of 30 to 285%C; after that a sublimation endotherm
begins. Therefore, DSC thermogram of anhydrous ampicillin-leucine
mixture will reflect the characteristic features of the thermograms
of each component if no interaction occurred. This is indeed the
case as the DSC thermogram of the mixture showed no transition over
the temperature range of 30 to 2060C. At 206°C decomposition peak
corresponding to anhydrous ampicillin decomposition, with a slight

shift to Tower temperature, was observed.
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Trace 3 of Figure 8 is the thermogram of an anhydrous ampicillin-
magnesium stearate mixture. The second endotherm of magnesium
stearate has been obliterated and a rapid decomposition at 160°C
occurred. The enthalpy change of the mixture was found to be 68.8%
the predicted value indicating also the possible incompatibility of
magnesium stearate with anhydrous ampicillin.
ACKNOWLEDGMENTS

The author wishes to thank the Department of Industrial and
Physical Pharm, School of Pharmacy and Pharmacal Sciences, Purdue
University, West Lafayette, IN 47907, U.S.A., for the use of their
facilities in this investigation. Thanks and grateful appreciation
are extended to Dr. Dane Q. Kildsig, Dr. Garnet E. Peck and Judi A.
Yost for their help with this work.

REFERENCES

1. T.H. Simon, Paper presented to the Industrial Pharmaceutical

Technology Section, APhA Academy of Pharmaceutical Sciences,

Las Vegas meeting, April 1967.
2. H. Jacobson and G. Rejer, J. Pharm. Sci., 58:5, 631 (1969).

For personal use only.

3. K.C. Lee and J.A. Hersey, J. Pharm. Pharmac, 29, 515 (1977).
4, A.S. Geneidi and L. El1-Sayed, Pharm. Ind., 40:10, 1074 (1078).
5. A.S. Geneidi and H. Hamacher, ibid, 42:3, 315 (1980).

6. G.S. Geneidi, H.H. E1-Shattawy and A.S. Geneidi, Sci. Pharm.
49:2, 172 (1981).

7. J.K. Guillory, S.C. Hwang and J.L. Lack, J. Pharm. Sci.. 58:3,
301 (1969).

8. J.L. McNaughton and C.T. Mortimer, "Differential Scanning Calorimetry,
Perkin-Elmer Publications Number L-604, Norwalk, Connecticut, U.S.A.

9. K. Kono, Y. Takeda, H. Nogami and T. Nagai, Chem. Pharm. Bull.,
22:1, 165 (1974).

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

10. H.H. ET1-Shattawy, G.E. Peck.and D.0. Kildsig, Drug Dev. and
Industrial Pharm., in press.

11. B. Flouvat and P. Lechat, Therapie, 29, 337 (1974).

RIGHTS



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

AMPICILLIN-DIRECT COMPRESSION EXCIPIENTS 831

12.
13.
14.

15.
16.
17.
18.
19.

21.

22,
23.

B. Lynn, Chemist Drugg., 187, 157 (1967).
B. Lynn, J. Hosp. Pharm., 28, 71 (1970).

A. Wade and J.E.F. Reynolds, eds., "Extra Pharmacopeia-Martindale,"
27th ed., The Pharmaceutical Press, London, 1977, p. 1076.

B.B. Riley, J. Hosp. Pharm., 28, 228 (1970).

B. Lynn, ibid, 29, 183 (1971).

J. Ashwin and B. Lynn, Pharm. J., i, 487 (1973).
B. Lynn, ibid, i, 115 (1966).

S.L. Hem, E.J. Russo, S.M. Bahal and R.S. Levi, J. Pharm. Sci.,
62:2, 267 (1973).

H.H. E1-Shattawy, D.0. Kildsig and G.E. Peck, Drug Dev. and
Industrial Pharm., submitted for publication.

W.C. Gunsel and J.L. Kanig, in "The Theory and Practice of
Industrial Pharmacy," 2nd ed., L. Lachman, H.A. Lieberman and
J.L. Kanig, eds., Lea & Febiger, Philadelphia, 1976, p. 335.
E.J. Mendell, Mfg, Chem., 43 (May), 43 (1972).

C.H. Schneider and A.L. de Weck, Immunochemistry, 4, 331 (1967).

RIGHTS

i,



