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Development of Poly(D,L-lactic acid) Microspheres Containing Lorazepam

Han-Gon Choi, Bon-Kyu Yoo, Jong-Dal Rhee, Jung-Ae Kim, Tae-Hyub Kwon,
Jong-Soo Woo and Chul Soon Yong'

College of Pharmacy, Yeungnam University, Gyongsan 712-749, Korea
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ABSTRACT - Poly(D,L-lactic acid)(PLA) microspheres containing lorazepam were prepared by a solvent-emulsion evap-
oration method and their release patterns were investigated in vitro. Various batches of microspheres with different size and
drug content were obtained by changing the ratio of lorazepam to PLA, PLA concentration in the dispersed phase and stir-
ring rate. Rod-like lorazepam crystals on microsphere surface, which were released rapidly and could act as a loading dose,
were observed with increasing drug content. The release rate was increased with increase in drug contents and decrease in
the molecular weight of PLA. The release rate of lorazepam for long-acting injectable delivery system in vitro, which would
aid in predicting in vivo release profile, could be controlled by properly optimizing various factors affecting characteristics

of microspheres.

Key words — Lorazepam, Poly(D,L-lactic acid), Microspheres, Injectable delivery system
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Figure 1-Chromatograms of blank plasma (A), plasma spiked with
internal standard (10 pg/ml) and lorazepam (5 pg/ml) (B), and sam-
ple obtained 60 min. after IV injection of lorazepam (C) are shown.
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Figure 2—Scanning electron micrographs of PLA microspheres con-
taining lorazepam. (A): before drug release, (B): after drug release.

Table I-Characteristics of Microspheres Prepare

Preparation D.rug/PLAOOI.O Diameter  Drug content
ratio at preparation  (um = S.D.) (%)
A 10:90 97+23 3.02
B 20: 80 10.5+1.9 8.79
C 25:75 102+2.0 17.53
D 30:70 9.8+2.1 26.95

Prepared by solvent emulsion evaporation method employing methy-
lene chloride as a polymer solvent and 3% gelatinuous PBS (pH
7.4) as a nonsolvent at 500 rpm.
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Figure 3-Effect of initial quantity of lorazepam in methylene chlo-
ride on drug entrapment efficiency.
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Table II-Effect of Stiming Rate on the Size of the Microspheres

Preparation Stirring rate Mean diameter
(tpm) (um+S.D.)
E 500 10.6+2.1
F 300 153£6.0
G 200 32.7+108

Prepared by solvent evaporation method with dispersed phase :
continuous phase = 1:30, 3% gelatinous PBS as continuous phase,
5% PLAO0O010 concentration in dispersed phase.
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St el RSk oFEC] dol I vlelaEAs
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Table II-Effect of Lorazepam and PLA Concentration on the Properties of Microspheres

Mean dianieter

PLAOO1S concentration in lorazepam concentration in Drug content Entrapment
methylene chloride (W/V%) methylne chloride (W/V%) (%) efficiency” (%) (um = 8.D.)
4 1.25 847 31.98 109+25
5 125 8.81 4295 139435
6 1.25 7.86 47.03 169+ 8.8
8 1.25 6.74 49.72 214+93
10 1.25 5.69 53.13 24.1 £10.1

Prepared by solvent evaporation method with dispersed phase: continuous phase = 1:30, 1% gelatinuous PBS (pH 7.4) as continuous

phase, at 500 rpm.
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Figure 4—In vitro release profile of lorazepam in pH 7.4 phosphate
buffered saline containing 0.01% Tween 80 as a function of drug
content in PLA0010 microsphere (particle size, ca. 10 um) at 37°C.
Key: (@) 17.2%; () 13.1%; (W) 9.4%.
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Figure 5-In vitro release profile of lorazepam in pH 7.4 phosphate

buffered saline containing 0.01% Tween 80 as a function of PLA

molecular weight at 37°C. Microspheres with 8.3% drug content and

ca. 15 pm particle size.
Key: (@) 10,000; (1) 15,000; (H) 20,000.
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Figuare 6-In vitro release profile of lorazepam in pH 7.4 phosphate
buffered saline containing 0.01% Tween 80 as a function of mean
particle size at 37°C. PLA0010 microspheres with 8.3% drug content.

Key: (C0) 10 pm; (M) 20 pm.
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Figure 7-Effect of drug content and molecular weight of PLA on

burst release effect.
Key: (O) 10,000; (@) 20,000.
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Figure 8-Plasma concentration-time profile of lorazepam after in-
travenous administration of lorazepam and intramuscular injection of
PLA microsphere in rabbits (n=3), (O) Intravenous injection of
solution (lorazepam, 0.5 mg/kg); (@) Intramuscular injection of
microsphere (lorazepam, 5 mg/kg).

o](PLA0015, FE¢F2F 13.2%, particle size 15 um)E 3t
2] &l FARE Fo| EFET A TS Yehidd.
ZHATS AAFARINS W9} H|awsl] vio]a gz ~v]o]o)
Ul Z5FAKE A S llX 27190 burst releasee]]
ogk oFE9] A&3 W ol FFEst Asshe A
S UERGITE 2 o]F ALK AAH I8 5EEE
frABIR oA, o)Z& 7IEsfo] 93l PLAZF H3=H
A oFEo] Pt &5 FARH WEEY] Wil Aoz A
g3},



Zepge

ﬂi
u°1'
(o3
:

2 £

Solvent emulsion evaporation methodol] oJ&l ZzhA| =
FHRE PLA wlo]TRATAE A3 in virod) A <) 9?
=UE BFE AL, Axd vlo)AR 2T E B
o] FARI AAZE kg AN & e FAE AY
ozAe) TFsAe ARk

Az 3 F T FASe 'rr7]“9-UH-4 SHE A%
WHHREe] 2, B 71E|FE PLASH FEe) o &
g A} FEYDI} 2t 7t D R olaz
230ig Qg 5 AT Az slolazsmels] % F
ot 2], TEA Y BAF Sl o3 o2 W& Aol i

T & AR 2719] burst releaseZ loading
dose® 83131, T Fof] AAF] X&) o7 ofFo] HiZy]
T e ol8st FHAY oFER] mElA|Be] X498 A
ol ¥ Al=dloz Jhuste 2] rhssleleE AlgE.

E

HARe| g

B d7e da8kezlgATe] A4 KRF-2004-005-E00003)
L2 FYEon old TAE =y}
28

1) Y.W. Chien (Ed.), Novel Drug Delivery Systems, Marcel Dek-
ker, New York, U.S.A.,1992,

2) J.R. Robinson (Ed.), Sustained and Controlled Release Drug
Delivery Systems, Marcel Dekker, New York, U.S.A., 1978.

3) P. Johnson and J.G. Lloyed-Jones (Eds.), Drug Delivery Sys-
tems: Fundamentals and Techniques, Ellis Horwood, England
Chichester, 1987.

4) B. Conti, F. Pavanetto and 1. Genta, Use of polylactic acid for
the preperation of microparticulate drug delivery system, J.
Microencapsulation, 9, 153-166 (1992).

5)R.J. Linhardt, Biodegradable polymers for controlled release
of drugs: In Controlled Release of Drugs: Polymers and
Aggregate Systems, M. Rosoff (Ed.), VCH Publishers, New
York, U.S.A., pp. 53-96, (1988).

6) M. Chasin and R. Langer (Eds.), Biodegradable Polymers as
Drug Delivery Systems, Marcel Dekker, New York, U.S.A.,
1990.

7)T. Kawaguchi, A. Tsugane, K. Higashide, H. Endoh, H.
Kanno, T. Seki, K. Juni, S. Fukushima and M. Nakino, Control
of drug release with a combination of prodrug and polymer
matrix, J. Pharm. Sci., 81, 508-512 (1992).

8) C.G. Pitt, M.M. Gratzl, AR. Jeffcoat, R. Zweidinger and A.
Schindler, Sustained drug delivery systems, J. Pharm. Sci. 68,
1534-1538 (1979).

Poly(D,L-lactic acid) rlo|zZ2 o] 7k 183

9) A. Schindler, R. Jeffcoat, GL. Kimmel, C.G Pitt, M.E. Wall
and R. Zweidinger (Eds.), Contemporary Topics in Polymer
Science, Plenum Press, New York, US.A., pp. 251-286
(1977).

10) D.L. Wise, T.D. Fellmann, J.E. Sanderson and R.L. Wentworth
(Eds.), Lactic-Glycolic Acid Polymers in Drug Carriers in
Biology and Medicine, Academic Press, Orlando, Fla., pp. 237-
270 (1979).

11) L.R. Beck, D.R. Cowsar, D.H. Lewis, R.J. Cosgrove, C.T. Rid-
dle, S.L. Lowry and T. Epperly, A new long-acting injectable
microcapsule system for the administration of progesterone,
Fertility and Sterility, 31, 545-551 (1979).

12) L.R. Beck, C.E. Flowers, V.Z. Pope, W.H. Wilborn and T.R.
Tice, Clinical evaluation of improved injectable microcapule
contraceptive system, Am. J. Obstet. Gynecol., 147, 815-821
(1983).

13) H. Endoh, T. Kawaguchi, T. Seki, T. Hasegawa and K. Juni,
Controlled release of 5-Fluoro-2-deoxyuridine by the com-
bination of prodrug and polymer matrix, Chem. Pharm. Bull.,
39, 458-464 (1991).

14)K. Juni, J. Ogata, M. Nakano, T. Ichihara, K. Mori and M.
Akagi, Preparation and evaluation in vifro of polylactic acid
micropsheres containing doxorubicin, Chem. Pharm. Bull., 33,
313-318 (1983).

15) G. Spenlehauer, M. Veillard and J.P. Benoit, Formation and
characterization of cisplatin loaded poly(d,l-lactide) micro-
spheres for chemoembolization, J. Pharm. Sci., 75, 750-755
(1986).

16) J.H.P. Woodland and S. Yolles, Long-acting delivery systems
for narcotic antagonists, J. Med. Chem., 16, 897-901 (1973).

17) N. Wakiyama, K. Juni and M. Nakano, Preparation and eval-
uation in vitro of polylactic acid microspheres containing local
anesthetics, Chem. Pharm. Bull., 29, 3363-3368 (1981).

18) N. Wakiyama, K. Juni and M. Nakano, Preparation and eval-
uation in vitro of polylactic acid microspheres containing
dibucaine, Chem. Pharm. Bull., 30, 3719-3727 (1982).

19) AK. Kwong, S. Chou, A M. Sun, M.V. Sefton and M.F.A.
Goosen, In vitro and in vivo release of insulin from polyl (actic
acid) microbeads and pellets, J. Controlled Release, 4, 47-62
(1986).

20) Y. Ogawa, H. Okada, M. Yamamoto and Y. Shimamoto, /n
vivo release profiles of leuprolide acetate from microcapsules
prepared with polylactic acids or copoly(lactic/glycolic) acids
in vitro degradation of these polymers, Chem. Pharm. Bull., 36,
2576-2581 (1988).

21) Y. Ogawa, H. Okada, T. Heya and Y. Shimamoto, Controlled
release of LHRH agonists, leuprolide acetate, from micro- cap-
sules: Serum drug level profiles and pharmacological effects in
animals, J. Pharm. Pharmacol., 41, 439-444 (1989).

22) 1. Yamakawa, Y. Tsushima, R. Machida and S. Watanabe, In
vitro and in vivo release of poly(DL-lactic acid) micro- spheres
containing neurotensin analogue prepared by novel oil-in water
solvent evaporation method, J Pharm. Sci, 81, 808-811
(1992).

J. Kor. Pharm. Sci., Vol. 36, No. 3(2006)



184 HIE - At -

23) 1. Yamakawa, Y. Tsushima, R. Machida and S. Watanabe,
Preparation of neurotensin analogue-containing poly(DL-lactic
acid) microsperes formed by oil-in water solvent evaporation,
J. Pharm. Sci., 81, 899-903 (1992).

24) B.J.A. Furr and F.G. Hutchinson, A biodegradable delivery sys-
tem for peptides: Preclinical experience with the gona- dot-
rophin-releasing hormone agonist Zoladex®, J Controlled
Release, 21, 117-128 (1992).

25) F.G. Hutchinson and B.J.A. Furr, Biodegradable polymer sys-
tems for the sustained release of polypeptides, J Controlled
Release, 13, 279294 (1990).

26) K. Suzuki and J.C. Price, Microencapsulation and dissolution
properties of a neuroleptic in a biodegradable polymer, poly
(d,l-lactide), J. Pharm. Sci., 74, 21-24 (1985).

27)J. Dreyfus, JJ. Ross and E.C. Schreiber, Excretion and
biotransformation of the enanthate ester of fluphenazine-'“C by
the dog, J. Pharm. Sci., 60, 829-833 (1971).

28) SM. Li, H. Garreau and M. Vert, Structure-property rela-
tionships in the case of the degradation of massive aliphatic
poly-(a-hydroxy acids) in aqueous media, part 1: poly(DL-lac-
tic acid), J Materi. Sci.,; Materials in medicine, 1, 123-130
(1990).

29)K. Makino, M. Arakawa and T. Kondo, Preparation and in
vitro degradation properties of polylactide microcapsules,
Chem. Pharm. Bull., 33, 1195-1201 (1985).

30) LJ. Oh, J.Y. Oh and K.C. Lee, Assessment of biodegrada- bility
of polymeric microspheres in vivo: poly(DL-lactic acid),
poly(L-lactic acid) and poly(DL-lactide-co-glycolide) micro-
spheres, Arch. Pharm. Res., 16, 312-317 (1993).

31) J. Claassen, L.J. Hirsch and S.A. Mayer, Treatment of status
epilepticus: A survey of neurologists, J. Newrological Sci., 211,
37-41 (2003).

J. Kor. Pharm. Sci., Vol. 36, No. 3(2006)

ol - ARl - UHy

s

32) J.-Y. Chung, J.-Y. Cho, K.-S. Yu, J.-R. Kim, H-R. Jung, K.-S.
Lim, L-J. Jang and S.-G. Shin, Effect of the UGT2B15 gen-
otype on the pharmacokinetics, pharmacodynamics, and drug
interactions of intravenous lorazepam in healthy volunteers,
Clinical Pharmacology & Therapeutics, T1, 486-494 (2005).

33) GL. Klerman, Overview of the cross-national collaborative
panic study, Arch. Gen. Psychiatry, 45, 407-412 (1988).

34) Y.W. Chien (Ed.), Novel Drug Delivery Systems, Marcel Dek-
ker, New York, U.S.A., pp. 465-545 (1982).

35) S.N. Muchohi, K. Obiero, GO. Kokwaro, B.R. Ogutu, L.M.
Githiga, G Edwards and CR.J.C. Newton, Determination of
lorazepam in plasma from children by high-performance liquid
chromatography with UV detection, Journal of Chromatog-
raphy B, 824, 333-340 (2005).

36) X.-P. Lee, T. Kumazawa, J. Sato, Y. Shoji, C. Hasegawa, C.
Karibe, T. Arinobu, H. Seno and K. Sato, Simple method for
the determination of benzodiazepines in human body fluids by
high-performance liquid chromatography-mass spectrometry,
Analytica Chimica Acta, 492, 223-231 (2003).

37)H. Zhu and J. Luo, A fast and sensitive liquid chromatogra-
phic-tandem mass spectrometric method for assay of
lorazepam and application to pharmacokinetic analysis, J.
Pharmaceutical and Biomedical Analysis, 39, 268-274 (2005).

38) D.L. Thies and P.B. Bowman, Development of liquid chro-
matographic method for the determination of triazolo-benzo-
diazepines, J. Chromato., 268, 92-98 (1983).

39) J. Heller, Biodegradable polymers in controlled drug delivery,
CRC Crit. Rev. Ther. Drug. Carrier Systems, 1, 39-90 (1984).

40) C. Sturesson, J. Carlfors, K. Edsman and M. Andersson, Prep-
aration of biodegradable poly(lactic-co-glycolic)acid micro-
spheres and their in vitro release of timolol maleate, nt. J.
Pharm., 89, 235-244 (1993).



