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USE OF BETA-LACTAMASE INHIBITORS AS 
NEUROPROTECTANTS 

FIELD OF THE INVENTION 

[0001] This invention relates to a neW use of inhibitors of 
bacterial [3-lactamases. More particularly, this invention is 
directed to the use of [3-lactamase inhibitors for preventing 
or reducing neuronal damage in patients suffering from or 
susceptible to disease states characteriZed by loss of neu 
ronal cells or loss of neuronal cell function. 

BACKGROUND OF THE INVENTION 

[0002] Over excitation of NMDA receptor channel com 
plexes on post-synaptic neurons following excessive release 
of glutamic acid from synaptoZones and glial cells results in 
massive calcium ion in?ux into neuronal cells leading to 
their death. This is believed to occur under conditions such 
as stroke, hypoglycemia, cardiac arrest, and other hypoxic or 
ischemic processes, including, for example, neural trauma, 
and perinatal asphyxia. Other conditions knoWn to result in 
or from loss of neuronal cells or loss of neuronal function 
include seiZure activity such as that associated With epilepsy, 
amyliotrophic lateral sclerosis (ALS), AlZheimer’s disease, 
Huntington’s disease, Parkinsonism and dementia such as 
multi-infarct dementia, vascular dementia, and neurodegen 
erative dementia. Other conditions knoWn to result in loss of 
neuronal cells or loss of neuronal cell function are those 
generally characteriZed as secondary neurodegenerative dis 
ease of typically metabolic or toxic origin. While signi?cant 
progress has been made in developing therapeutics for 
treatment or prevention of such neurodegenerative condi 
tions or disease states, there still exists signi?cant need for 
the development of alternative therapies for treatment of 
patients afflicted With such conditions. 

SUMMARY OF THE INVENTION 

[0003] Accordingly, the present invention provides a sur 
prisingly effective neuroprotective therapy. It is based on the 
discovery that compound capable of inhibiting the activity 
of bacterial [3-lactamases (i.e., [3-lactamase inhibitors) is, as 
Well, a poWerful neuroprotective agent. The invention thus 
provides a method for preventing neuronal damage or the 
progression of neuronal damage in a patient suffering from 
or susceptible to said damage, characteriZed generally as a 
loss of neuronal cells or a loss of neuronal cell function, such 
as that secondary to the occurrence of strokes, seiZures, 
neural trauma, and a multiplicity of neuro-degenerative 
disease states of Widely variant etiology. 

[0004] In another embodiment of the invention there is 
provided a neuroprotective pharmaceutical composition and 
a method for manufacturing same using a [3-lactamase 
inhibitor as the active ingredient. Such pharmaceutical com 
positions can be formulated in unit dosage forms adapted for 
patient delivery by a Wide variety of routes of administration 
including, but not limited to, oral ingestion, buccal, sublin 
gual, parenteral, transdermal and rectal routes of adminis 
tration. In one embodiment the dosage forms are formulated 
for controlled release of the [3-lactamase inhibitor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0005] This invention provides a method for the treatment 
of a patient suffering from or susceptible to a condition 
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knoWn to result in loss of neuronal cells or loss of neuronal 
cell function. It comprises the step of administering to a 
patient in need of such treatment a neuroprotective amount 
of a bacterial [3-lactamase inhibitor. The method is effective 
to reduce loss of neuronal cells or neuronal cell function 
resulting from the patient condition. The method effectively 
prevents neuronal damage or the progression of neuronal 
damage in patients suffering from or susceptible to disease 
states causing such neuronal damage. It has been reported 
that blocking the neurogenic enZyme N-acetylated-ot-linked 
acidic dipeptidases (NAALADases) in the brain reduces 
ischemic brain injury. Blocking NAALADase reduces high 
levels of glutamate that folloW, for example, ischemic 
stroke, protecting the brain from the neurotoxic effects of 
high glutamate levels in neuro-tissues. It has been discov 
ered that clavulanic acid, a recogniZed [3-lactamase inhibitor, 
also is a potent inhibitor of NAALADase. Based on that 
initial discovery, and a subsequent comparison of the puta 
tive active sites of so-called “serine”[3-lactamases (Class A, 
C and D), and conserved amino acid sequence for rat and 
human NAALADase, it Was determined that there is an 
almost perfect overlap of the putative active sites of serine 
[3-lactamases and key sequences of NAALADase. Since 
[3-lactamase inhibitors are believed to inhibit [3-lactamase 
activity by binding to the [3-lactamase to alter or block the 
putative four active site motif on [3-lactamase, one can infer 
that the similarity in active site sequence and location Would 
confer similar binding properties of other knoWn [3-lacta 
mase inhibitors to NAALADase or be a molecular signature 
of an enZyme derived from [3-lactamase, such as NAALA 
Dase, Which may bind inhibitors by some other modi?ed 
active site motif. 

[0006] There are many compounds that are reported in the 
literature to exhibit the capacity to inhibit bacterial [3-lacta 
mase activity. Such is typically measured by the compound’s 
ability to inhibit the rate of hydrolysis of a penicillin or 
cephalosporin substrate by 50%, either With or Without 
preincubation. Techniques for assessing or assaying [3-lac 
tamase inhibition are Well knoWn in the art. 

[0007] Most knoWn [3-lactamase inhibitors are compounds 
Which themselves comprise a [3-lactamase ring structure. 
Both the patent and non-patent art are replete With reference 
to such compounds, their preparation, and their mechanism 
of action. Inhibition of bacterial [3-lactamase can occur 
either by an irreversible mechanism or via a reversible 
mechanism involving a transient inhibited intermediate in 
Which the [3-lactamase inhibitor binds to and thus blocks the 
active site on the [3-lactamase molecule. [3-lactamases can be 
inhibited irreversibly by a [3-lactamase inhibitor Which com 
petitively or preferentially binds to the active site on the 
[3-lactamase molecule Where it effectively acylates the [3-lac 
tamase as a ?rst step in deactivating the enZyme. 

[0008] Exemplary of knoWn [3-lactamase inhibitors in 
commercial use are clavulanic acid, sulbactam, and taZo 
bactam. Other knoWn [3-lactamase inhibitors include deriva 
tives or analogs of clavulanic acid including deoxyclavu 
lanic acid, isoclavulanic acid, 9-deoxyclavulanic acid, 
9-amino deoxyclavulanic acid, and other clavulanic acid 
derivatives such as those Wherein the 9-hydroxy group has 
been chemically modi?ed (eg as an acetate, n-methyl 
carbamate, methyl ether, benZyl ether, or thiomethyl ether). 
Sulbactam has been used to prepare prodrugs, for example, 
sultamacillin Which is absorbed from the gastrointestinal 
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tract and then hydrolyzed into sulbactam and ampicillin. 
Other known [3-lactam containing compounds knoWn to 
possess [3-lactamase inhibitor properties include olivanic 
acids and thienamycin of the carbapenem family of novel 
naturally occurring [3-lactam antibiotics. 
[0009] One preferred [3-lactamase inhibitor for use in 
accordance With the present invention is clavulanic acid. It 
has only Weak, though broad spectrum antibacterial activity, 
and it has a long record of safe use as a [3-lactamase inhibitor 
in commercially available combinations With amoxycillin 
and ticarcillin. Moreover, it exhibits good oral adsorption 
and transport across the blood-brain barrier into the cerebral 
spinal ?uid. [3-lactamase inhibitors can be administered in 
accordance With this invention as their pharmaceutically 
acceptable salts or as bioactive esters Which hydrolyZe to 
provide therapeutic concentrations of the [3-lactamase 
inhibitor upon patient administration. 

[0010] A [3-lactamase inhibitors is used in accordance With 
the present invention in a method of treatment of a patient 
suffering from or susceptible to a condition knoWn to result 
in a loss of neuronal cells or loss of neuronal cell function. 
Thus it can be used to prevent such disease, disorder or 
condition from occurring in an animal or patient that may be 
susceptible to the disease, or disposed to develop the dis 
ease, but has not yet been diagnosed as having the disease 
or has not yet developed symptoms of the disease. More 
typically it is used to treat patients to relieve symptoms or 
cause regression of the disease or condition after its occur 
rence. Conditions knoWn to result in loss of neuronal cells 
or loss of neuronal cell function include conditions such as 
stroke, hypoglycemia, cardiac arrest, or by other hypoxic or 
ischemic processes, including, for example, neural trauma or 
accident and perinatal asphyxia. Other conditions knoWn to 
result in or from loss of neuronal cells or loss of neuronal 
function include seiZure activity, such as that associated With 
epilepsy, ALS, AlZheimer’s disease, Huntington’s disease, 
Parkinsonism, and various forms of dementia such as multi 
infarct dementia, vascular dementia, and neurodegenerative 
dementia. Loss of neuronal cells or loss of neuronal cell 
function can also derive from conditions generally charac 
teriZed as secondary neurodegenerative diseases, typically 
of metabolic or toxic origin. Patients can be treated in 
accordance With this invention responsive to observation of 
such disease states, or patients to prevent loss of neuronal 
cells or loss of neuronal cell function in patients disposed to 
or susceptible to develop conditions knoWn to affect neu 
ronal cells. 

[0011] “Neuronal cells” as used herein refer to those cells 
that make up the nervous system including, for example, 
neurons, neural support cells, glia, SchWann cells, cells 
comprising the vasculature contained Within and supplying 
such cells Within the central nervous system including the 
brain, the brain stem, the spinal cord, and the peripheral 
nervous system. 

[0012] “Neuroprotective” as used in describing and de?n 
ing the present invention refers to the effect of preventing, 
arresting or ameliorating damage to neuronal cells in 
patients afflicted with conditions knoWn to affect such cells. 
The term also refers to the capacity or function to protect 
and/or revive cells Which have suffered damage or Which are 
or have been exposed to cell damaging conditions. 

[0013] Effective dosages of the [3-lactamase inhibitors 
When used in accordance With the method of this invention 
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depends on patient condition and the method of administra 
tion. Animal tests indicate that clavulanic acid is an effective 
neuroprotectant When administered intraperitoneally at a 
dose of about 1 pig/kg to about 50 pig/kg. Parenteral doses of 
[3-lactamase inhibitors When used in accordance With this 
invention range from about 0.02 to about 20 mg/kg. Oral 
dosage levels are typically higher, ranging from about 0.1 
mg/kg to about 50 mg/kg. The dosage levels can be adjusted 
higher or loWer by the attending physician depending on 
patient condition and the observed clinical response to the 
initial dosage. Treatment in accordance With this invention 
typically includes one to four daily doses of [3-lactamase 
inhibitor. Formulation of the inhibitor into controlled release 
dosage forms (either for parenteral or oral use) enables 
effective once or tWice a day dosage protocols. 

[0014] The [3-lactamase inhibitor treatment can be admin 
istered in the method of the present invention orally, 
parenterally, by inhalation spray, topically, rectally, nasally, 
bucally, vaginally or via an implanted reservoir in a dosage 
formulation containing conventional non-toxic pharmaceu 
tically acceptable carriers, adjuvants and vehicles. Oral 
administration is preferred, hoWever parenteral administra 
tion may be considered more appropriate/effective Where the 
patient condition is acute. Administration of the [3lactamase 
inhibitor is typically continued until patient condition is 
normaliZed or until a patient is determine to be no longer 
susceptible to or disposed to developing or redeveloping the 
neuro-degenerative condition. Dosage administration can be 
continued using the same or attenuated dosage protocol for 
prophylaxis of the patient condition. 

[0015] In another embodiment of the present invention 
there is provided a neuroprotective pharmaceutical compo 
sition consisting essentially of a neuroprotective amount of 
a [3-lactamase inhibitor and a pharmaceutically acceptable 
carrier therefor. In one embodiment the pharmaceutical 
composition is prepared in a unit dosage form, for example, 
a tablet, capsule or caplet for oral dosage form. 

[0016] In accordance With one embodiment of this inven 
tion there is provided a method of manufacturing a phar 
maceutical composition useful for preventing neuronal dam 
age or the progression of neuronal damage in a patient 
suffering from or susceptible to such damage. The method 
comprises the step of preparing a pharmaceutical mixture 
consisting essentially of a [3-lactamase inhibitor and a phar 
maceutical acceptable carrier. Portions of the mixture are 
then used to prepare unit dosage forms containing a neuro 
protective amount of the [3-lactamase inhibitor. The compo 
nent [3-lactamase inhibitor can be in acid or pharmaceuti 
cally acceptable salt form or, for example, as a 
biodegradable ester. 

[0017] Examples of suitable in vivo hydrolysable (active) 
ester groups include, for example, acyloxyalkyl groups such 
as acetoxymethyl, pivaloyloxymethyl, [3-acetoxyethyl, 
[3-pivaloyloxyethyl, 1-(cyclohexylcarboonyloxy) prop-1-yl, 
and (l-aminoethyl) carbonyloxymethyl; alkoxycarbony 
loxyalkyl groups, such as ethoxycarbonyloxymethyl and 
alpha-ethoxycarbonyloxyethyl; dialkylaminoalkyl groups, 
such as ethoxycarbonyloxymethyl and [3-ethoxycarbony 
loxyethyl; dialkylaminoalkyl especially di-loWer alky 
lamino alkyl groups such as dimethylaminomethyl, dim 
ethylaminoethyl, diethylaminomethyl or 
diethylaminoethyl:2-(alkoxycarbonyl)-2-alkenyl groups 
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such as 2-(isobutoxycarbonyl) pent-2-enyl and 2-(ethoxy 
carbonyl)but-2-enyl; lactone groups such as phthalidyl and 
dimethoxyphthalidyl; and esters linked to a second [3-lactam 
antibiotic or to a [3-lactamase inhibitor. 

[0018] Suitable pharmaceutically acceptable salts of 
[3-lactamase inhibitors used as neuroprotectants in this 
invention include metal salts, e.g. aluminum, alkali metal 
salts such as sodium or potassium, alkaline earth metal salts 
such as calcium or magnesium, and ammonium or substi 
tuted ammonium salts, for example those With loWer alky 
lamines such as triethylamine, hydroxy-loWer alkylamines 
such as 2-hydroxyethylamine, bis-(2-hydroxyethyl)amine or 
tris-(2-hydroxyethyl)amine, cycloalkylamines such as dicy 
clohexylamine, or With procaine, dibenZylamine, N,N 
dibenZylethylenediamine, l-ephenamine, N-methylmorpho 
line, N-ethylpiperidine, N-benZyl-[3-phenethylamine, 
dehydroabietylamine, N,N‘-bisdehydro-abietylamine, ethyl 
enediamine, or bases of the pyridine type such as pyridine, 
collidine or quinoline, or other amines Which have been used 
to form salts With knoWn penicillins and cephalosporins. 
Other useful salts include the lithium salt and silver salt. 

[0019] The amount of [3-lactamase inhibitor used to form 
the pharmaceutical composition is that amount effective to 
provide upon delivery by the intended route of administra 
tion, a neuroprotective concentration of the inhibitor in the 
neuronal tissue Where protection is desired. Parenteral dos 
age forms typically can contain about 0.5 to about 50 
mg/dose or 2- to 3-fold that amount When formulated in a 
controleld release parenteral dosage form, While oral dosage 
forms can typically contain about 1 to about 200 mg of 
[3-lactamase inhibitor. Neuroprotective amounts of [3-lacta 
mase inhibitors in other dosage forms can be determined by 
routine experimentation based inter alia on absorption ef? 
ciency and rate of absorption of the [3-lactamase inhibitor by 
such routes of administration. 

[0020] [3-lactamase inhibitors for use in accordance With 
this invention can thus be combined With one or more 
pharmaceutically acceptable carriers and may be adminis 
tered, for example, orally in such forms as tablets, capsules, 
caplets, dispersible poWders, granules, loZenges, mucosal 
patches, sachets, and the like. In such formulations a [3-lac 
tamase inhibitors is combined With a pharmaceutically 
acceptable carrier, for example starch, lactose or trehalose, 
alone or in combination With one or more formulation 

excipients and pressed into tablets or loZenges or ?lled into 
capsules. Optionally, dosage forms intended for oral inges 
tion administration such as tablets, caplets or capsules can be 
enterically coated to minimiZe hydrolysis/degradation in the 
stomach. In another embodiment the dosage form is formu 
lated for oral administration, and is formed as a prolonged 
release dosage form using art-recogniZed formulation tech 
niques for release the [3-lactamase inhibitor over a predeter 
mined period of time. 

[0021] Topical dosage forms, including transdermal 
patches, intranasal and suppository dosage unit formulations 
containing the [3-lactamase inhibitor and conventional non 
toxic pharmaceutically acceptable carriers, adjuvants and 
vehicles adapted for such routes of administration can also 
be used in the present neuroprotective method. 

[0022] The pharmaceutical compositions suitable for 
injectable use in accordance With ths invention include 
sterile aqueous solutions or dispersions and sterile poWders 
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or lyopholysates for the extemporaneous preparation of 
sterile injectable solutions or dispersions. The dosage forms 
must be sterile and it must be stable under the conditions of 
manufacture and storage. The carrier for injectable formu 
lations is typically Water but can also include ethanol, a 
polyol (for example, glycerol, propylene glycol and liquid 
polyethylene glycol), mixtures thereof, and vegetable oil. 

[0023] Parenteral dosage forms useful in accordance With 
the present invention can also be formulated as injectable 
prolonged release formulations in Which the [3-lactamase 
inhibitor is combined With one or more natural or synthetic 
biodegradable or biodispersible polymers such as carbohy 
drates, including starches, gums and etheri?ed or esteri?ed 
cellulosic derivatives, polyethers, polyesters, polyvinyl 
alcohols, gelatins, or alginates. Such dosage formulations 
can be prepared for example in the form of microsphere 
suspensions, gels, or shaped polymer matrix implants that 
are Well-knoWn in the art for their function as “depot-type” 
drug delivery systems that provide prolonged release of the 
biologically active components. Such compositions can be 
prepared using art-recogniZed formulation techniques and 
designed for any of a Wide variety of drug release pro?les. 

CLAVULANIC ACID—TEST FOR 
NEUROPROTECTIVE ACTIVITY 

[0024] N-Acetylaspartylglutamate (NAAG) is an abun 
dant brain dipeptide present in synaptic vesicles and released 
upon neuronal stimulation. Immunohistochemical studies 
shoW NAAG is localiZed to glutamatergic pathWays and 
suggest both NAAG and glutamate may be co-released 
under certain physiological conditions. NAAG functions, in 
part, to antagoniZe the effects of glutamate at the N-methyl 
D-aspartate (NMDA) receptor by acting as a Weak agonist. 
folloWing release NAAG is hydrolyZed by membrane bound 
NAALADase liberating glutamate. Under pathological con 
ditions of ischemia and seiZure NAALADase generated 
glutamate exacerbates neuronal injury. It has been reported 
that blocking NAALADase reduces ischemic brain injury. 
Blocking NAALADase reduces the high levels of glutamate 
that folloW ischemic stroke, protecting the brain from the 
neurotoxic effects of this excitatory neurotransmitter. To test 
the neuroprotective activity of clavulanic acid (CLAV) ani 
mals Were treated With the neurotoxin kainate. Kainate 
stimulates glutamate receptors triggering generaliZed sei 
Zure and destruction of neurons particularly those localiZed 
to area CA3 of the hippocampus. 

Experimental Procedure 

[0025] Sixteen mail Sprague DaWley rats Weighing 
betWeen 300-350 gm Were tested. One hour prior to kainate 
treatment eight animals Were treated With clavulanic acid 
salt (CLAV) at an IP dose of 1 pig/kg While the remaining 
eight Were given saline vehicle. Kainate Was given IP at a 
dose of 25 mg/kg. Over the next 60 minutes animals Were 
observed for seiZure activity. The ?rst 10 minutes of this 
observation period Was videotaped. Sixty minutes post kain 
ate treatment animals Were given another IP injection of 
CLAV or saline vehicle. Animals that survived kainate 
treatment Were sacri?ced seven days later and their brains 
examined for histological changes in the hippocampus. 
Three untreated control animals of the same Weight and age 
as the experimental animals Were sacri?ced and their hip 
pocampal morphology used as a standard for comparison. 



US 2002/0002159 A1 

Results 

[0026] There Was an ostensible difference in seizure activ 
ity between treatments. Animals given CLAV showed a 
longer onset to seiZure and diminished seiZure activity as 
compared to controls given saline vehicle. Indeed, four of 
the vehicle animals died Within 24 hours of kainate treat 
ment. There Were no fatalities in the CLAV treated group. 
Histological inspection of the hippocampus revealed a dra 
matic difference in neuronal survival in area CA3. CLAV 
treated animals appear to have normal neuronal morphology 
and numbers in CA3 as compared to untreated controls. 

Summary 

[0027] The data demonstrate that CLAV is neuroprotective 
in the kainate seiZure model. This ?nding supports the 
hypothesis that CLAV functions in part by blocking 
NAALADase. These compelling data predict that CLAV is 
useful to treat stroke, epilepsy, and other patient conditions 
presenting neuronal insult. 

Neuroprotective Formulation 

[5-lactamase inhibitor/dose (mg) Carrier Dosage Form 

I. Clavulanic acid, starch/maltose capsule 
potassium/3O 

II. Clavulanic acid, microcrystalline tablet 
cellulose/trehalose 

III. TaZobactam/75 saline injectable 
IV. TaZobactam/125 starch injectable 

microspheres 
V. Clavulanic acid, saline injectable 

potassium/150 
VI. Sulbactam/2OO saline injectable 
VII. Sulbactam/25O polylactide injectable 

microspheres 

[0028] Patient Use 

[0029] (A) Apatient is administered a dose of Formulation 
V above Within 1.5 hours of suffering a stroke to reduce 
neuronal insult. 

[0030] (B) A patient susceptible to recurrent seiZures is 
administered Formulation I above three times a day. 

[0031] (C) A patient With Parkinson’s disease is adminis 
tered Formulation V above tWice a day to reduce neuronal 
degeneration. 
[0032] (D) Formulation VI is administered to a stroke 
victim Within 2 hours of the occurrence. Thereafter, Formu 
lation VII is administered to the patient once a day for up to 
3 Weeks to minimiZe damage to neuronal tissues. 

[0033] Formulation V is administered to a neWborn 
folloWing an incident of possible perinatal asphyxia to 
prevent or reduce neuronal damage. 

I claim: 
1. A method of treatment of a patient suffering from or 

susceptible to a condition knoWn to result in loss of neuronal 
cells or loss of neuronal cell function, to reduce neuronal cell 
loss or function resulting from such condition, said method 
comprising the step of administering to said patient a 
neuroprotective amount of a bacterial [3-lactamase inhibitor. 
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2. A method for preventing neuronal damage or the 
progression of neuronal damage in a patient suffering from 
or susceptible to disease states causing such neuronal dam 
age, said method comprising the step of administering to the 
patient a neuroprotective amount of a bacterial [3-lactamase 
inhibitor. 

3. A method of treatment of a patient suffering from or 
susceptible to a condition knoWn to result in or from loss of 
neuronal cells or loss of neuronal cell function to reduce loss 
of neuronal cells or neuronal cell function resulting from 
such condition, said method comprising the step of admin 
istering to said patient a neuroprotective amount of clavu 
lanic acid, a pharmaceutically acceptable salt thereof, or an 
active ester thereof. 

4. A method for preventing neuronal damage or the 
progression of neuronal damage in a patient suffering from 
or susceptible to such neuronal damage, said method com 
prising the step of administering to said patient a neuropro 
tective amount of clavulanic acid, a pharmaceutically 
acceptable salt thereof, or an active ester thereof. 

5. A method of manufacturing a pharmaceutical compo 
sition useful for preventing neuronal damage or the progres 
sion of neuronal damage in a patient suffering from or 
susceptible to such damage, said method comprising the 
steps of preparing a pharmaceutical miXture consisting 
essentially of a bacterial [3-lactamase inhibitors and a phar 
maceutically acceptable carrier, and using portions of said 
mixture to prepare dosage forms containing a neuroprotec 
tive amount of said [3-lactamase inhibitor. 

6. The method of claim 5 Wherein the [3-lactamase inhibi 
tor is a compound comprising a [3-lactam ring structure. 

7. The method of claim 5 Wherein the unit dosage form is 
an oral dosage form. 

8. The method of claim 5 Wherein the unit dosage form is 
a parenteral dosage form. 

9. The method of claim 5 Wherein the unit dosage form is 
a suppository. 

10. The method of claim 5 Wherein the unit dosage form 
comprises a patch for transdermal delivery of the [3-lacta 
mase inhibitor. 

11. The method of claim 5 Wherein the unit dosage form 
is a loZenge for buccal or sublingual administration of the 
[3-lactamase inhibitor. 

12. A method of manufacturing a pharmaceutical compo 
sition useful for preventing neuronal damage or the progres 
sion of neuronal damage in a patient suffering from or 
susceptible to such damage, said method comprising the 
steps of preparing a pharmaceutical miXture consisting 
essentially of clavulanic acid, or a pharmaceutically accept 
able salt or ester form thereof. 

13. The method of claim 12 Wherein the unit dosage form 
is an oral dosage form. 

14. The method of claim 12 Wherein the unit dosage form 
is a parenteral dosage form. 

15. The method of claim 12 Wherein the unit dosage form 
is a suppository. 

16. The method of claim 12 Wherein the unit dosage form 
comprises a patch for transdermal delivery of the clavulanic 
acid or pharmaceutically acceptable salt or ester thereof. 

17. The method of claim 12 Wherein the unit dosage form 
is a loZenge for buccal or sublingual administration of the 
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clavulanic acid or pharrnaceutically acceptable salt or ester 
thereof. 

18. The method of claim 5 Wherein the pharrnaceutically 
acceptable carrier is selected to provide controlled release of 
the [3-lactarnase inhibitor after administration of the dosage 
form. 

19. The method of claim 5 Wherein the pharrnaceutically 
acceptable carrier is selected to provide controlled release of 
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the clavulanic acid, salt or ester after administration of the 
dosage form. 

20. A neuroprotective pharmaceutical composition con 
sisting essentially of a neuroprotective amount of a [3-lac 
tarnase inhibitor and a pharrnaceutically acceptable carrier 
therefor. 


