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SUMMARY OF WORK:

~Periodontal disease is a very prevalent disorder, and in the
absence of proper oral hygience and dental care, it can progress to
a painful inflammatory condition. These conditions require early
professional attention, which poses an important problem to all
phases of military operations. Professional care is not always
readily available during field operations, and an acute episode of
periodontal inflammation could decrease the combat efficiency of
affected personnel or perhaps become mission abortive, especially
during fleet or submarine missions-- The latter situation is very
costly in terms of time, effort, monies and mission deployments.
It becomes imperative to provide early detection of acute
periodontal inflammation and methods to prevent further progress of
the disease, especially under field or fleet conditions.

There is a wide spectrum of pharmacological agents currently
available for intervention in inflammatory and infectious
disorders, however the present application of these drugs appear to
be less than effective in periodontal disease. - We have conducted a
focused study of the cellular pharmacology of a number of agents,
singly and in combination, which may be useful under field
conditions to prevent pro resssive periodontal disease. The major
objective of this study t /_ has been the identification and
evaluation of drugs with the greatest potential for preventing
advanced periodontal disease under field condtions. The secondary
objective of this study was to establish and provide research
protocols for future evaluation of drugs potentially useful in
pharmacological intervention in periodontal disease.

Our original study proposed using a set of anatomical and
biochemical approaches for the quantitative evaluation of drugs in
periodontal disease using the rice rat model system. After
reevaluating the literature and discussions-with the research group
at the Naval Dental Research Institute,kW e decided to 4 -y--the ( ..-
-i;-ck-by using- isolated human polymorphoi~clear leukocytes (PMN) as
our model system for drug evaluation This was done for several
reasons. (1) The rice rat does NOT turately parallel the human
disease state. (2) The rice rat model\ involves very complex
tissues, containing many different cell types, which would confound
the quantitative evaluation of drug activities. (3) In humans, the
PMN is the primary cell type responding to bacterial invasion and
plaque-accummulation associated with periodontal disease. Also,
they may cause the subsequent progress to a chronic inflammatory
state with destruction of supporting periodontal tissues. (4)
Because the PMNs are so important in the periodontal inflammatory
process, the isolated human PMN provide an excellent simplified
model for the study of drug actions.

In order to accomplish our objectives, we established five
different assays to evaluate drug effects on PMN functions. A
brief description of each assay is given below, with a detailed
protocol and chemical/solutions list provided in the methods
section of this report.
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CHEMOTAXIS ASSAY:
An important aspect of the inflammatory process is the ability

of the PMNs to migrate to a diseased site. The effects of various
anti-inflammatory and antimicrobial drugs can be studied using this
assay to monitor cell motility and chemotaxis (ie. the ability to
migrate toward a stimulating chemical). Briefly, the PMNs are
placed in a central cell of an agrarose-filled petri dish and
allowed to migrate between the agarose layer and the bottom of the
dish. One of five wells surrounding the cells contains a solution
of FMLP (N-formyl-methionyl-leucyl-phenylalanine), which is a
potent chemotactic stimulant. PMNs can be incubated in the
presence or absence of various drugs, and after two hours the cells
are quickly fixed and stained. Two parameters of chemotaxis,
distance traveled and area of cell migration, have been evaluated
on a computerized image analyzer.

DEGRANULATION ASSAYS:
During an inflammatory response, PMNs are stimulated to

release several types of specific granules, which contain different
hydrolytic enzymes and other proteins. Under stimulated conditions
we assayed for (1) lysozyme, (2) beta glucuronidase, and (3)
lactoferrin. In this way we were able to differentiate the types
of granules released under various conditions, including drug
treatment.

SUPEROXIDE ASSAY:
Superoxide production is one of the primary mechanisms by

which PMNs destroy bacteria. Excessive production of superoxide
radicals may also cause damage to normal healthy tissues.

In addition to the above 5 assays, we included an assay for
the release of LACTATE DEHYDROGENASE, which provides an accurate
assessment of cell viability.

DRUG EVALUATION:

In determining which drugs were to be evaluated, we first
conducted a thourough literature search and found that several non-
steroidal anti-inflammatory agents (NSAID) and antimicrobials had
been evaluated by the above methods (TABLE I. From the literature).
We then chose several compounds from different groups_of NSAIDs
(Tolmetin, Meclofenamate) and antimicrobials (Chlorhexidine,
Amoxicillin and Doxycycline). After completing our study of these
compounds, we were able to decide which combinations of a NSAID and
antimicrobial might demonstrate the most effective actions on PMN
functions. In this case we were trying to avoid antagonistic
effects between the two drugs, and perhaps demonstrate some

synergism, which could be very beneficial under therapeutic
conditions. The table below provides a summary of the effects we
found in the literature and in our studies. A complete description
of our results follows this Table.
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TABLE I. SUMMARY OF DRUG EFFECTS
ENZYME RELEASE SUPEROXIDE

DRUG: CHEMOTAXIS BETA-GLUC LYSOZYME LACTOFERRIN PRODUCTION
TOLMETIN I D D -D

MECLOFENAMATE D D D D D

CHLORHEXIDINE D ne ne ne I

DOXYCYCLINE D* tie ne ne D

AMOXICILLIN ne ne ne ne ne
LYSOSOMAL ENZYME RELEASE

(From the literature)
INDOMETHACIN D Decreased D

NAPROXEN D Decreased NR

IBUPROFEN D Decreased D

ASPIRIN D Decreased D

CHLORTETRACYCLINE D Decreased D

CLINDAMYCIN + Decreased D

DRUG COMBINATIONS:

MECLOFENAMATE +
CHLORHEXIDINE D a D Da

MECHLOFENAMATE + b
DOXYCYCLINE D -- Da

I-increased; D=decreased; ne-no effect; NR=not reported
+=conflicting reports; -- not done; *=from the literature

a~fO infcnl ifrn rmmcifnmt ln

wbosignificantly different from mechlofenamat rdxcie alone

(ie. Synergistic effect)



RESULTS:

TOLMETIN

Tolmetin is structurally unique among anti-inflammatory
compounds, and was included in this study for that reason. It is
more potent than aspirin and less potent than indomethacin, with
respect to anti-inflammatory activity.

This non-steroidal anti-inflammatory drug (NSAID) has proven
to be unusual in one way from other NSAIDs in that it significantly
stimulates rather than inhibits PMN chemotaxis (Figure 1) (ANOVA
F=10.828, df 3, p< .01). The Tukey-HSD procedure for multiple
ranges shows this effect to be significant from control (p< .05) at
the 50 ug/ml drug concentration. This is very clearly a dose-
dependent process, which we have demonstrated occurs at drug
concentrations found under therapeutic conditions. In addition
Tolmetin causes a significant dose-dependent reduction in the
release of beta-glucuronidase (dot filled bars) and lysozyme
(hatched bars) from azurophilic and specific granules respectively
(ANOVA p<.01 for both enzymes) (Figure 2). The Tukey HSD procedure
specifies that the effect is significant (p<.05) at the 100 ug/ml
drug concentration. Cell death does not significantly increase
with larger doses as indicated by the steady lactate dehydrogenase
(LDH) levels (solid bars in Figure 2). The production of
superoxide radials is also significantly inhibited by Tolmetin
(Figure 3) (ANOVA F=22.191, df3, p<.01), with the effect
significant at all drug concentrations (Tukey-HSD, p<.05). Our
work on Tolmetin was presented at the 1986 FASEB meeting in St.
Louis (see attached abstract).

MECLOFENAMATE

Meclofenamate is a member of the fenamates, which are a group
of aspirin-like drugs. This NSAID is somewhat different from
Tolmetin and appears to be much more potent in our assays. For
example, Meclofenamate causes a significant dose-dependent
reduction in chemotaxis by PMNs (Figure 4) (ANOVA, F-133.979, df4,
p<.0001), with complete inhibition at 20 ug/ml. The Tukey-HSD
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procedure reveals that the drug effect is significant at the 5, 10
and 20 ug/ml concentrations (p<.05) . Meclofenamate also causes a
pronounced reduction in the release of beta-glucuronidase (ANOVA
F=29.293, df3, p<.0001), lysozyme (ANOVA F=38.622, df2, p<.0001),
(Figure 5) and lactoferrin (ANOVA F=16.3922, df3, p<.05) (Figure
6), which is significant at all three drug concentrations (Tukey-
HSD, p<.05). Meclofenamate does not cause any significant increase
in cell death under our experimental conditions (ANOVA, F=2.875,
df3, p>.l) (Figure 5) . Superoxide production is also markedly
inhibited (Figure 7) (ANOVA F=12.707, df3, p<.005), and this is
significant at the 20 and 50 ug/ml drug concentrations (Tukey-HSD,
p<.05).

CHLORHEXIDINE

Chlorhexidine is a very potent antibacterial, which is applied
topically. As with most NSAIDs, this antibacterial agent also
caused a significant dose-dependent reduction in chemotaxis (Figure
8) (ANOVA F=24.519, df3, p<.0002), which was significant at the 15
and 25 ug/ml drug concentrations (Tukey-HSD, p<.05). Chlorhexidine
did NOT alter the stimulated release of beta-glucuronidase (ANOVA
F=0.157, df3, p>.9), lysozyme (ANOVA F=0.073, df3, p>.9) (Figure
9), o- lactoferrin (ANOVA F=0.2066, df3, p>.8) (Figure 10),
eventhough a significant increase (ANOVA F=6.510, df3, p<.02) in
the amount of cell death occured at the 100ug/ml drug concentration
(Tukey-HSD, p<.05) (Figure 9). An interesting effect was observed,
where a significant increase (ANOVA F=9.532, df3, p<.01) in the
production of superoxide radicals occured in the presence of drug
concentrations non-lethal to the PMNs (50ug/ml, Tukey-HSD, p<.05)
(Figure 11) . It should be noted that some variation in drug
effects were observed between different lot numbers of
chlorhexidine. At this point it is not clear if these variations
are caused by inadequate quality control or deterioration with
increasing shelf aging.
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AMOXICILLIN

i0

#05

Amoxicillin is a broad spectrum antibiotic from the penicillin
family. It is beta-lactamase sensitive, so that its use in many
staphylococcal infections is limited. However, when combined with
a newly marketed compound, Clavulanic acid, which inhibits beta-
lactamases, the spectrum of Amoxicillin is greatly extended.
Amoxicillin had no significant effects on chemotaxis (ANOVA
F-0.214, dfS, p>.9) (Figure 12), or degranulation of beta-
glucuronidase (ANOVA F-0.063, df4, p>.9) (Figure 13), lysozyme
(ANOVA F-0.335, df4, p>.8) (Figure 13), and lactoferrin (ANOVA
F-0.3687, df4, p>.8) (Figure 14). Also, there was no effect on the
amount of cell death as measured by lactate dehydrogenase (ANOVA
F-0.018, df4, p>.9) (Figure 13), or on superoxide production (ANOVA
F-2.293, df3, p>.l) (Figure 15).

DOXYCYCLINE

od 0 1 0

Doxycycline is one of the broad spectrum tetracycline
antibiotics. Doxycycline's effect on chemotaxis has been reported
in the literature several times, and it causes a significant
decrease in PMN chemotaxis (see Table I). It has no significant
effect on degranulation, as the release of beta-glucuronidase
(ANOVA F-1.683, df4, p>.2), lysozyme (ANOVA F-1.819, df4, p>.l)
(Figure 16) and lactoferrin (ANOVA F-0.3952, df4, p>.8) (Figure 17)
are not affected at any of the concentrations tested . Also, cell
death is not significantly affected (ANOVA F-0.423, df4, p>.7)
(Figure 16). It is interesting that Doxycycline causes a
signficant reduction in superoxide production (ANOVA F-11.915, df3,
p<.005) at the 5 and 10 ug/ml concentrations (Tukey-HSD, p<.05)
(Figure 18).

20
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DRUG COMBINATIONS:

Meclofenamate was chosen to be used with chlorhexidine or
doxycycline in a study of the combined effects of a NSAID and an
antimicrobial. Meclofenamate appeared to be the most potent of the
NSAIDs in our model system and both antimicrobials had significant
effects on PMN chemotaxis and superoxide production.

MECHLOFENAMATE + CHLORHEXIDINE

In this combination the drug concentrations chosen were those
shown to be most effective when the drugs were used singly. When
used together, there was a significant reduction in PMN chemotaxis
(ANOVA F=26.007, df3, p<.o5), though the effect was not different
from meclofenamate alone (Tukey-HSD, p>.05) (Figure 19). A similar
effect was observed in the superoxide assay, where the combination
produced a significant reduction in superoxide production (ANOVA
F=11.3513, df3, p<.05), but not different from meclofenamate alone
(Tukey-HSD, p>.05) (Figure 20).

MECHLOFENAMATE + DOXYCYCLINE

The drug concentrations for this combination were chosen as
above. Chemotaxis was signficantly inhibited by this combination
of drugs (ANOVA F-194.3553, df3, p<.05) (Figure 21), and some
degree of synergy was apparent as the combination was significantly
more potent than either of the drugs used alone (Tukey-HSD, p<.05).
The combination also significantly reduced superoxide production
(ANOVA 61.7368, df3, p<.05), but not different from meclofenamate
alone (Tukey-HSD, p>.05) (Figure 22).

CONCLUSIONS:

We have identified at least two combinations of NSAIDs and
antimicrobials which may have excellent potential for field use in
the prevention of progressive periodontal disease. The combination
of Meclofenamate with Doxycycline may be best as there is some
synergy observed in the inhibition of PMN chemotaxis and no
antagonism of the other drug effects. Meclofenamate and
chlorhexidine may also be useful, as no antagonism is observed and
chlorhexidine is applied topically, which may reduce the risk of
drug side effects. From our literature search, we can also suggest
that Clindamycin may be an appropriate antimicrobial to be combined
with a NSAID. Also, Ibuprofen may be substituted for
Meclofenamate. These combinations deserve further clinical study
for their potential use under field conditions.

In addition we have established a set of assays, which can be
used effectively in the future for the evaluation of new drugs,

28



which may be potentially useful agents in the treatment and
prevention of periodontal disease. A complete
list of the chemicals and solutions, as well as the complete assay
protocols are provided in the following section of this report.

29
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STOCK SOLUTIONS

These may be prepared aroy t ime ao~d stored(rtriylc di
4 de~jrtex C unless otherwise not:ed ) . SuJ f i ir 4t in qaI It: i

.~hul beaqsured the day pr ior to ;-ii zi<; 1.1\/ crn a ~nt
the stock so 1ut ions ;m skol ut iors that are pre.-.,rwJ t he Jyo
t he a-,s a y f oll1ow , in aIp ha be t i cal (-(d,-r , t fie li st belIow .

Lactate Dehydrogenase
Phosphavp/Pyruvate Substr'ate Solution (50 mrM/0.63 mM, pH 7.5)

Lys oz:ynie
Phosphot~e Stiffer 66mM, pH1 6.24

Belta-glucuronidase
Acetate Suf fer 0.2 M, pH 4 .5
Phenolphthalein glucur-on ide substrate solut ion
Phenolphthalt.-in standard solution
AMP Suffer pH 11

L.= c t o f e r r i n
L a ct o feprr i n S to ck B u ffef-r 1 - Ba rb italI
Lactofer'rin Stock Buf fer 2 Tr ris-glyc ire
Phosphate Buf fer-ed Saline pl 7 .0
Destaining Solution
Staining Solution
La-.ct:otr'rin Stock Standard

C herio ta, i s
fliemsa's Stain (Stock Solution)
Tissue Culture Me-dium 199

Superoxi de
Super'oxide Dismutase Sal ut on

Incubation
Triton X-1l00, 2%
S~erum Treated 7yrnosan (STZ)
Cetyltrirnethylarnmonium Bromide (CTAS) 3%b
Cytochalasin B - Stock Solution
Incubation Bu~ffer" - l0x Stock (HBSS with Ca+ + and Mgj +

8lod Separation
F icol 1-Paquje - us-( ais purchased f rom Pharmac i a
Hanks Balanced S,3l -Solution (HBSS without Ca+ and M(;+

HE P FS
Dextran 6%

35



Formu 1 at ion;3 For St ocks Sol u tions

Acetate Euf f er 0 .2 M , pH 4. 5
3.72 mil glacial acetic acid
4.76 g sodium acetate trihydrate
Dissolve it) 500 ml H 2 0 .

Amminnium Chloride Solution
3.3 q NH 4 cl
1 g potassium car'bonate
1. 372 ng EOTA (free acid)
Dissolve in 1 liter H2 0
Adjust pH to 7.4 with concentrated H~l
Filter sterilize, store froz~en at -20 degrees C in 10 nil aliquots.

AMP Buffer pH 11
Place 100 ml graduated cylinder o~n balance and tare to zero
Add 3.91 g concentrated liquid Amino-2-Methyl-1-Propanol
Add distilled H 20 and mix thoroughly.
0Dilute to 1 liter.
Add 2 g SOS
Stir gently to ic.v
Check pH, adjust if necessary with NaOH or HCl
If precipitate forms, warm to 37 degrees C and shake to dissolve.

* Cetyltrimethylarnmonium Bromide (CTAB) 3%
* 1.5 g CTAG (Hexadecylrnethylammonium Bromide)

Dissolve in 50 mil HBSS with Ca ++and Mg

Cytochalasin B - Stock Solution
Add 0.23 mil dimethylsulfoxide (DMS0) to 5 mg vial of cytochalasin 6.

Destaining Solution
450 ml 95% ethanol
100 mil glacial acetic acid
450 mil H.'0
Mix and tore at room temperature.

Dextr'an 690
Dissolve 9 g NaCl in 1 liter H 0.
Add 60 g Doxtra.n 70 (Sigma n _1 490)
Stir uintil completely dissolved.
Filter sterilize in 15 nil aliquots into sterile 50 ml pol-)ypro-
pylene- tubes.

Dex trose
Dissolve 4.5 g dextrosp ini 45m1 H 2 0.
Filter s3te-il1ize -od store ;,-m1 al iquots in s;terile tubes at rot:'
tempera tuLre.

FMLP Frozen Stock

Dissolve 44 myj fM1 P in 10i nil DMSO. Store 0.5 ml)1' 1 at in ooly-
prcOpyl1enie tubes t rozpen at -70 dEigr'ees C.

F iol -aqu -use a- : tirchaserl fromn Pharmnac ia

36



Giwas Stain (Stock 5olution)
Disperse 1 g G ;ernisci powder ii 665 ml cgl1ycerfol 1 ir~ci p 1 *ace in an ov'en

at60 dagre,,s_ C for, 2 hr's.
Add 66 ml mtt-hyl -lhlabsolute (car(eton-e--frec-t). Store- tightlIy
stoppered it room temperature. Dilute 1 pa:rt with 9 parts buffered
water.

Bujffered water: First mrake Clark and Lubs' Phcmophate Bufter, pHi 6.79~
by mixing 6.8 g KHP04 and 0.9 g NaOH with 1 liter-
distilled H 2 0. Adjust PH, if needed. Then dilute 1 part of the
phosphate buffer with 5 parts distilled H.Q

Hajnks Balanced Salt: 3olution -- HSSS with Ca--4 + and M(, -

(Incubation Ruffor lOx Stock)
30 qj NaCl
4 g K, CI
2g MgSO4 .7 H40

0 .9 g Ni,HiPD4 7H. 0

0 .6 g l HC PO4 2
C'4

Dissolve first five ingredients in 700 ml distilled H 2 0.
In 200 ml distil led H.)0, dissolve 2.76 g Caul 2 , a nhyd rOU S
While stirring, slowly add the dissolved CaCl 2t h is

beaker. Dilute to 1 liter. Add 1 nil chloroform as a preservative.

HBSS with Ca +4 a nd Mg +(+I n cub a tion U f fe r) WOrCk in g SolUtion
50 ml HESS with Ca a3nd Mg 1, Ox stock
Dilute with 440 ml H 0.
Autoclave at 15 lbs ?or 20 min.
Sterile solution may be sitored at room temperature.
Cool to room temperature and add;

5 ml sterile HEPES
5 ml dt--trose (0.1 g/ml H 2 0)

Hlanks Bdilanced Salt Solution (HRS' withotut Ca~ and Mg++
l0x Stock

950 ml distilled H 20
80 g NaCl2
4 g KCl
0.9 q Na 2 HPO 4 .7H 2 0
0 .6 g KH po
Make up ?o i liter.
Adci 1 ml chloroformn as a preservative.

HT2,33 w it hou t Ca ++and Mg+ Working solut ion
Dilutep 50 ml of l0x stuck with 440 ml HnO(.
Autoclave at 15 lbs. for 20 min.I

('3 P-r i 1&e solut ion ma~y be stored at room tepfoperdcture )
Cool to room temperature and add 5 ml dextrose(0.1 g/ml)
Add 5 ml HEPES.
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H P ES
Dissolve 23.8 g HEPES in 100 ml H2 '

Adjust pH to 7.5-7.6 with 10 M NaOH.
Filter sterilize and store 5 ml al iuotS iri ster'ile tubes at
room temperature.

Lactoferrin Stock St-andard
Human lact:oferrin (Sigma L8010)
1 mg/ml in HBSS with Ca ++ and Mg+ +

Store 0.035 ml al iquots in 1.5 ml tubes at -70 degrees C.

Lautoferrin Stock Buffer, 1 - Birbital
26 g sodium barbital
4.14 g barbital
Dissolve in 2 liters H20.

Lactoferrin Stock Buffer 2 - Tr is-glycine

112.4 g glycine
90 .4 g tris
Dissolve in 2 liters H 20.

Lactoferrin Working Buffer
200 ml barbital stock buffer 1
200 ml tris-glycine stock buffer 2
Mix with 1600 ml H 2 0 and store at 4 degrees C.

Pheriolphthalein glucuronide substrate solution - Use as purmhased
from Sigma.

Phenolphthalein standard solution - Use as purchased f'rrom Sigma.

Phosphate Buffer 66 mM, pH 6.24
4.49 g KH 2 PO
Dissolve in 4 ml H 2 0 and adjust pH with 1 M KOH.

Dilute to 500 ml.

Phosphate Buffered Saline (PBS) pH 7.0

31 .8 g NaCI
805.6 mg KCI
4.56 g Na HP0
816 mg KH 2 PO
Dissolve in i liters H 2 0.

Phosphate/Pyruvate Substrate Solution (50 mM/0.6 3 rnM;pH 7.5) - Store
ref r iger'ated.
2.55 g K HPO 4 . 3H 20
250 mg K< PO 4

17.2 mq Sdium Pyruvate
I.i-> olve in 250 ml H 2 0 .

S.a1 irne 0.9'
Ois ,olve 2.25 g NaCI in 250 ml H2 0.
Autoclrdive at: 15 lb:t for 15 min.
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Sal ine .5%
Dissolve 1.53 q Nafli in 45 ml H0

S3erum Treated Zymosan (STZ )
Suspend 50 nig zymiosan i 51 ml1 0 .9% NaC I

Tri,,sfer- 1 nil of the suspenision to each of 5-12x'75 gn 1 : 3:, Cultur-e
L Ubes.
Place tujbesi in boil ing water- baith for', 15 inin.
Centr'ifuge for 10 min at 2000 rpm it 4 degreesi C.
Decant the sal t solution , re' .uspenid t he pel1 let in frIs-h s;aline, :ind

cent r i u gP.
Repeat: the above wash procedure twice morp.
Discard the superna tan t, add 1 nil huni.in autol1 gous serurrI to each
tube and reSUSpend the- pellet.
Incubate for 30 min at 37 degrees C in a 'Thak ing water( batnh.
>ietrifuge and wash with saline twice as above. +

Dis,-caid the supernatant and add 2 nil HBS73 with Ca+ aind
Mg ++to each tube to obtain a 5 mcg/ml 5usJPen)Sion.

Transfr- to a bio-vial and store at -70 degrees C.

Staining Solution
DisLolve 2.5 g Coomassie Brilliant Clue R in 500 nil destaining
solution. Allow to stand overnight at: room temperature and then
filter. Store at room temperature.

5u je-(o;-ide Dism-utase Solution
Dissolve 4mg/ml su~peroxide dismutase in H 2 0. Store aliquots
of 200 jil at -70 degrees C.

TSS~ C'jlture Medium (TCM)
Add the powdered Medium 199 (Sigmia M-0393, unit size--i liter) to
450 nil distilled H20 while stirring. Water, temperature should
be 15-20 degrees C. Do not heat. Rinse all traces of the powdered
medium froam the bottle with a smrall amount of water and add to the
stirring solution. Add 5 ml of stock Hepes solution. Adjust pH
to 7.3 (with dilute NaOH or HCl). Dissolve 1.0 g 833A (Bo.-vine Serum
Albumin) in the medium. Bring the volume to 500 nil with distilled
water . Tihe conc. is now 2X. Add 250 mil of the 2X miediumR to
250 nil H 0, bring ing the conc to lX. Filter 5terili-Ze the 1X
modium into 2-250 nil stterile hottles. Pilter sterilizen the remain-
ing 2X< medium into a 250 mil sterile bottle. Stor'e at 4 degrees C
in dacknes:s.%

Triton X-100 (2%)
Dilute 2 nil Triton X-100 to 100 mil with HBSS with Ca~
and Mg
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81 D1~~*TCp.\'OvN PRO-CECW,2Y

He jar i n -3 '5' Sa l in e
DeXt ran (one 15 ml f:ube9 f,8P
for each 30 ml blood drawn) Ficoll-Plaque +
Ice~ HESS without Ci _ )C M
S tcr ile H C0 HESS with Ca ++and Mg 4

'extran Seoara-t ion
1 . Oraw blood slowly into 50 cc hepar'inizod syringes (10 units

he pa r-iIn/mlI blIood ). The amount of blood needed varies by assay;
60 ml For cheniioti Fs , 120 ml f or superoxide , and 180 11i f or the
dLegranulation assays.

2Add 30 ml blood to0 ?aC' tube containing dext ran and m i~ gentl 1 by
i n v erf-;ion. Al low to stand undisturbed at room temperature for
1 hour. Turn on centrifuge, set temperature at 4 degrees C.

T Tr an s fer the top layer to fresh 50 ml tubes on ice. Note volume
transferred to each tube.

4. Centrifuge at 100 xg for 12 min --t 4 degrees C.

R6C L y- s
1. Immediately after centrifugdtion, aspirate the superrratant .

2. Using a vortex mixer at low speed quickly and gently resuspenid the
oelleted cells in icp cold sterile distilled H 2 0 (0.1 ml/nil
of: volume in 3 above).

3. 30 sec afte' adding the water, add a volume of ice cold 3.5%~ NaCl
equal to one third the volume of water added in previous step.

4. Rr ing the volume of each tube tc) appr'oximately 15 ml with -ice c olId
P ,S .

9. Centrifuge at 160 .,(- For 4 min at 4 degrees C.

I mmed i -itelIy a fter cent r- ifuga t ion--,, decan t su pernant . A pas teur p ipe t
moy be used to ca refull 1y remove t he r i n of RBC 's whi ch may be
found on the top of the pellet.

F icoi Se 3pa ra tion
I . ReSuso5end each pel let I ) about 5 nil ice col d PBS. F m Li in e two

tiIe to a s ingle tube and add PBS to briog volume to 20 Ml 1I:
than 100 ml of blood is be Ing pr'ocessed or- 40 mi-l iif 100 -200 nl of
blood is Used.]

7. U-.ing a sterile pipet , carefully layer 20 iri of c-
over 1 0 mlI F icol1l1-Paque wh ic h hais prev iouslIy be-rm 7
150 ml polypropylene tubf<;. C C-ir'ful to aVOI d [11-

3. Centrifuge at: 250 x~g for 20 min at 4 degrefr- C.
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4 . Ccareful ly aspirate the mononuc lea" cell - layer t tlheat Frj(Lp .

aspirate the rest of the supernatant.

5. Resusrjend cells in 20 ml cold HBSS without Ca ind Mg q

6. Centrifuge at 160 xg for 4 min at 4 deur'eas C.

7. Di!=c-ard the supernatant, resuspend the pell hts in 10 nil ic,. cold
HBSS without Ca +' and Mg *- Combine the suspensions into
a single tube and centrifuge at 160 xg for 4 mmn at 4 degrees C.

S. 0Discard Su~oernatant and resuspend the pei let in the appropriate
buffer for the given assay (see~ table below) using about 0.5 ml
buffer for each 10 ml whole blood.

ASSAY H6SS FOR CONC VOLUME NEEDED
RESUSPENSION (cells/nl) (ml)

CHEMOTAXIS w/out Ca+ + 1>007  3

SUPEROXIDE with Ca ++ 1X10 7  10

DEGRANULATION with Ca+ + 2x10 7  9

COU.NTING CELLS

1. Add 50 -ul cell suspension to 450 Ail HBSS in 12x75 mm poly-
propolene tube. Vortex gently.

2. Add 450 ,ul of diluted cell SU-spen-sion to 50 iul Trypan blue (0.4%
solution) in a 12x75 mm tube. Vortex gently.

3. Carefully load both sides of a haemocytometer with a pasteur
pipette.

4. Count cells in at least 2 large squares.
5. Adjust the cell concentration to what is appropriate for the

assay by d ilIut ing wi th t he a ppropr ia te buf fer (S)ee tablIE- a bove)
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ASSAY PROCEDURES

Incubation for Degranulation Assays

(Lactate Dehydrogenase, Lysozyme, Beta-glucuronidase, Lactofer'rin)

A. Preparation

Have the following ready for use
1. STZ(Serum Treated Zymosan)
2. HBSS with Ca + + and Mg++
3. Set water bath at 37 degrees C
4. Set centrifuge at 4 degrees C
5. Ice

These solutions are prepared the day of the assay:
1. fMLP (N-formyl-L-methionyl--L-leucyl-L-phenylalanine)

Remove frozen aliquot of fNMP (2.2 mg in 0.5 ml DMSO) and dilute
0.1 ml with 9.9 ml HBSS with Ca + + and Mg + +

. Repeat
hundredfold dilution.

2. Concanavalin A - 1 mg/ml
Weigh out approximately 1 mg concanavalin A and dissolve in
HBSS with Ca + + and Mg so that volume buffer (ml)
equals weight (mg) of Con A.

3. Cytochalasin B - Working Solution
0.01 ml cytochalasin 8 stock

Dilute to 10 ml with HBSS with Ca + + and Mg + +

S. Incubation Procedure
1. Pipet 0.1 ml STZ or Triton into the appropriate incubation tubes.

Blanks may be prepared containing all stimulants to be used plus
Triton.

2. Add drug solution and incubation buffer to bring total volume to
0.5 ml for tubes receiving cell suspension and 1 ml for blanks.

3. Add 0.5 ml cell suspension dnd place in shaking water bat."i
set at 37 degrees C for 30 min.

4. Add cytochalasin B and incubate for, 10 'min at 37 degrees C.

5. Add fMLP, incubate 15 min longer at 37 degrees C; then remove tubes
From water bath and place on ice.

i. Centrifuge at 750 xg for 10 min at 4 degrees C.

7. Transfer supernatant to a separate set. of 10;h75 mm glass tubes for
enzyme assays.
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Lactate Dohyd rogenase

A. Preparation
1. Reduced nicotinamide adenine dinucleot-de (NADH) solution

30 mg NaHCO 3
Dissolve in 3.0 ml H2 0, then add 28 mg disodium NADH
** Protect from light and keep at room temperature.

2. Remove phosphate/pyruvate solution from refrigerator anid bring
to room temperature.

3. HBSS with Ca
+ + and Mg + +

S. Procedure
1. Pipet 3.15 ml H 2 0 into acrylic cuvette for reference standard.

2. Pipet 0.1 ml HBSS with Ca + + and Mg + + into blank cuvette and
0.09 ml into cuvettes to receive tritonized sample for 100% value.

3. Pipet 0. 1 ml sample supernatant into approriate cuvettes in dupli-
cate. Use 0.01 ml tritonized sample supernatants for 100% value.

4. Turn on spectrophotometer and set wavelength to 340 nm.

5. Place reference standard in spec and set to zero.

6. Pipet 0.05 ml NADH solution into the first cuvettes to be read.

7. Start stopwatch and after 10 seconds add 3.0 ml phos.phate/pyruvate
solution to first cuvette. Continue additions to the first set of
cuvettes at 10 second intorvals.

8. Record absorbance at 10 s intervals for each sample. Take 3-4
readings once a minute for each sample of the set.

9. Repeat steps 5-8 until all samples have been run.

C . Oa u I at ions
1 . Subtract the final absorbarice reading for each sample from the

initial reading for' that sampie .,nc divide by the number of minutes
recorded to obtain the average chanye in absorbance per minute.

2. Multiply the average change value for the 100" sample by 10 tro
obtain the average change/minute/. 1 ml.

3. Divide the sample values by the 100% value obtained in the previous
step to obtain the % LDH release and thus % ceil death.
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A. Preparations
1. Micrococcus Suspension

Dissolve 15 mq micrococcus lysodeikticus in 100 ml of
66 mM phosphate buffer. Bring to room temperature.

2. Uysozyme Standards (Keep Refrigerated)
a. 600 units/mi - Dissolve 15 mg ey white lysozyme in 10 ml HeSS

with Ca++ and Mg . Dilute 0.1 ml
to lom HBSS with Ca ++ and M9 ++.

b. 400 units/m] - 0.6 ml a + 0.3 ml H8SS with Ca ++ and Mg +

c. 200 units/ml - 0.3 ml a + 0.6 ml HSSS with Ca
+ + and Mg + +

B. Lysozyme Procedure
1. Pipet 1.3 ml H.O into 1.5 ml polystyrene cuvette for reference

standard.

2. Pipet 0.05 ml HBSS with Ca++ and Mg ++ into blank cuvette,
0.04 ml into cuvettes to receive tritonized samples for 1006 values,
and an approriate intermediate volume into cuvettes to receive
samples stimulated to degranulate. (e.g. If the stimulus is expected
to produce 50% degranulation 0.025 ml buffer should be added here.)

3. Pipet 0.05 ml 200 U/mi - 600 U/mi standards into cuvettes.
All standards and samples should be run in duplicate.

4. Pinct 0.05 ml sample supernatant into cuvettes except use 0.01 ml
for tritonized samples and an approriate intermediate volume for,
samples stimulated to degranulate as discussed in step 2 above.

5. Turn on specLrophotometer and set wavelength to 450 rim.

6. Place reference standard in spec and set reference value.

7. Start stopwatch and after 10 s add 1.25 ml micrococcus suspension
to first sample. Continue additions of micrococcus suspension to
the first set of cuvettes at 10 s intervals.

8. Record absorbance at 10 s intervals for each sample. Take 3-4
readings once a minute for each sample in the act.

9. Repeat steps 7-8 until all samples have been run.

10. Calculations are performed essentially a!s for LDH. Assay linearity
may be checked by plotting the standard curve.
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Beta -glucur-onidase

A. Preparations
1. Diluent Solution

3.0 mil acetate buffer
3.0 mil HESS with Cea4 and Mg +

25 nil AMP buffer
2. Diluted Phenolphthmle-in Solution

0.075 ml phenol phth.-ilein staiida.rd
4.925 mil dilu -(mt 7olution

S;twater bath at 56 degrees C
Ac et a te bu f fer
Phenol phthalein-glUcuronide substrate solution
AMP buffer
HBSS with Ca + and Mqj

B. Procedure
1Pipet 0.15 mil acetate buffer into 1ON75 mmn glass culture tubes.

2. Add 0.05 ml phenolphthalein glucuronide substrate solution.

3. Add 0.1 nil HBSS with Ca ++and Mg ++to 2 blank tubes, 0.075 ml
to tubes to receive tritonized samples, arid an intermiediate Volume
to tubes stimulated to cegranulate as discussed in step 2 of the
lysozyme procedure.

4. Add 0.1 mil sample supernatant except: add 0.025 mil tritonized sample
supernatant and intermediate volumes of samples stimulated to
degranulate.

S. Incubata aL 56 degrees C in shaking water baith For 1 hour.

6. While incubating prepare standard curve as follows.
a. Pipet 0.05, 0.1, 0.2, 0.4, and 0.6 mil dilute phenolpht-halein

solution into 10x75 mm glass tuboe3 for 0.5, 1, 2, 4,
and 6 uig/rfnl -standa.-rds respectively.

b. Pip(e-t 1.5 mil diluent solution into a tube for, t-h- standard
blank and bring volumes of other tubes up to 1.5 ml by' adding
1 .45, 1 .4, 1 .3, 1.1, -azind 0.9 ml diluent- solution respectively.

7Remove assiay tubes from- water bath and place on ice.

8. Add 1.25 ml AMP buffer to each assay tube and pour contents

into 1.5 mil polystyrene cuvette.

9. Record absorb.anco at 550 nrim immediately or store refrigerated
overnight .in rt-.turn to r'oom tempera ture before read ing.

10. Data are calculated as percent rl~eessentially as for
LOH arid lYSuz)ymP.
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La,--t~o ferr in

A. Preparat ions

1 . Lactof erf-in working buf fer ( keep at 4 degrees C)

2. Agarose Gel
a . Refrigerate cooling plate and cut gel bond f ilm (Pharmncicid) to

84x245 mm
a. 350 mg agarose (Sigmad Type 1, Low EEO)

35 nil working buffer
dissolve agarose in buffer by hea~ting -in a boiling water- bath

b . Bring solution t~o 50 degrees C in a water bath
c. Add 0.0525 ml lactoferrin antii:ferumn (Calbiochem), vortex

gently. AGAR05E MUST BE POURED WITHIN 5 MTN.
d. Pour aqarose- quickly onto the gel bond film on a leveling plate.
e. Allow to cool 10 min at room temperature followed by 20 min at

0-4 degrees C.
f. Punch 3 mm wells, place gel on cooling plate, (which has been

leveled on the gel box) set up wicks and pour lactoferrin
working buffer into tainks.

3. Lactoferri-n Standards
a. 0.035 mg/ml - add 0.965 ml HBSS with Ca++ and Mg++ to

0.035 ml frozen lactoferrin stock standard
b. 0.02 mg/mi - 0.2 ml a + 0.15 ml HBSS
c. 0.01 mg/nil - 0.1 ml a + 0.25 ml HBSS
d. 0.0035 mg/inl - 0.035 ml a + 0.315 ml HBSS

S. Lactoferrin Procedure

Gel Loading
1 . Set up power supply and electrodes , have power supply ready to turn

on. Set to constant voltage (100 V).

2. With agar'ose gel in place on electrophoresis apparatus note the
position of any ir'regular or unusable wells. These should be filled
with HBSS before beginning to load samples onto gel.

3Lo.id 0.01 ml standard or sample into wells noting what sample is
pipetted into each well. Fill any unused wells with incubation
huffer. THE ENTIRE LOADING PROCEDUREU MUST BE COMPLETED WITHIN 10
MINUTES.

4. Cover with anti-condensation plate-

5. Hook up power supply and turn on.

6. Run electrophore;is overnight.

7. Turn off power supply, disconnect, remove cover, and gel.
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(1 ta inr i ncq
1 Remo ve gel ,cover w it h a shetit of f i 'Itir e rpe I dmc -ee. V P r of

poper towel s a nd s ujs~ .j i n -v Ho p t _ ,SsUr(e f 0 C15 Il in Us !-rutIg a f 10 0th
glIa ss- or m e tal plIa Le w e i qh)t ed with1 orit lit -r- of Lo)t tlIed J1 iud .

2. Pl1a ce gel1 in washing chamber , covter wi th approximrojt-?iy 1 21 nil POS
and agitate gently on-r- shaker, for' 15 min.

3 . Repeat wash in PPRS, then) wa-sh iic distiiladH20

4. Blot again as in step 1.

I. Dry gel in gel dryer at 60 degrees C for approximately 2 houWrs,
making certain that the silicone gasket: is seale-_d.

6. Place dried gel in stainnkj chaniber, cover with approximately 125 ml
staining solution and agitate gently on shaker fzr 10 min.

7. Pour staining solution back into bottle and remove gel to destaining
chamber.

3. Cover gel with 125 ml destaining solution arnd agitate gently for
10 min.

9. Repeat step 8 twice more.

10. Data are calculated by plotting lactoferrin concentration in the
standards against the- rocket height and determining the concentra-
tion corresoonding to the sample rockpt height.
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Chemot-'a;- is

A. Preparat ions

1. Drug Dilutions (the following is given as an example, drucg
concentrations can be varied). Prepa re two sets of 6 s ter'ilIe 15 ml
tubes, A and B. Labol and make the following additions of 2X tis-sue
culture media(TCM) to each set. Set 8 will be mixed with agarosa to
yie Id t he fol lIowinrg drug conc

TUBE 4 2X TCM Final Drug Conc (.ij/ml)

1A 5.0 ml 18 100
2A 2.5 n)l 28 50
3 A 3.0 ml1 38 20
4A 2.5 ml 48 10

5A2.5 ml1 59 5
6A 2.5 ml1 68 0

'18-6B 2.0 ml each

Add S mg drug in tube 1A. Allow plenty of time to dissolve.
Tr'ansfer 2.5 ml of 1A to 2A. Vortex.
Transfer 2 ml of 2A to 3A. Vortex.
Transfer 2.5 ml of 3A to 4A. Vortex.
Transfer 2.5 ml of 4A to 5A. Vortex.
Vortex 6A.
Transfer 0.5 ml of each A tube to its corresponding 8 tube

through tube 6.

2. Cell Incubation Mixtures - Prepare 2 sets of 6 tubes, E and F.
Set F should be 12 X 75 mm polypropylene tubes for incubation.
Make the following additions to set E. Set F will be mixed with
0.5 ml of cell suspension to yield the following drug conc.

Tube 1 X TCM D r'ulg Conc W~g/il

1E 3 nil 1F 100
2E 2.5 ml 2F 50
3E 3 nml 3F 20
4 E 2.5 ml1 4 F 10

5E2.5 ml 5F 5
6E2.5 ml 6 F 0

Add 1 ml o f 1A and 1 ml distilled H 20 to 1E. 1or tex.
Tr'ansfer 2.5 ml of 1E to 2E. Vortex.
Transfer 2.0 ml of 2E to 3E. Vortex.
Transfer 2.5 ml of 3E to 4E. Vortex.
Transfer 2.5 ml of 4~E to SE. Vortex.
Vortex GE.
Transfer 0.5 ml of each E tube into the corr*-srnoncdinq F tube.
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P Pr'eour chemota'ct ic solut ion-rIL.P (IC M)
1 Use frozean stock ('1.2 mq/10.5 ril DM2(1) cid dilute 100 fold

by adding 9.9 ml HCSSS.
2 Dilu.te 100 fold again by adding 9.9 mrl HIES3 to 0.1 nil fron Ul.

D. ilut~e 10 fold by -.dding 9.0 ml HE33SS t~o 1.0 mrl from 42.

~flJ'.2~C late preparation

1Mix 250 rog afgarose (Sigma type 11) ir ?S ml H.)O. "Cji I to
disSulve. Dispense 2.5 ml aliquots into glas's: tub- S.

fllcP,;Cstill molten agarose tijes in 48 degree C wai-ter bath (or
boiling wI;ater bath to redissolve, if needed).

2Wo~rking in a clean area, lay out 1 60 X 15 mm- sterile petri plate
for each tube. Label plates with the drug dilution they will
r-ce i ye.

4 . Place set 8 tubes containing TGM and drug in water ba~th with
agarose tubes for 1-2 minutes only.

~Pemnove 1 tube with tissue cultur medium and carefully dry tube
completely. Remove 1 agarose tube and using sterile technique, pour
the TCM into the agarose tube. Flame top of tube, replace cap, dry,
vortex, and pour the contents into a petri dish.(This step must be
completed 1-2 min after, mixing or the agarose will harden in the
tube. Also avoid putting mixed tubes back into the water bath as
excessive heat will break down the tissue iculture medium.)

6. Allow plates to sit at room temperature for' 20 min, then
refrigerate until the wells are punched.

C. Assay Procedure

1. Add 0.5 ml cell suspension to each of the appr'opriate tubes in
set F. Incubate at 37 degrees C for 30 min while agitating sl1owl y.

2 . Durinq incubation the wells should be punched in the
chemotaxis plates. trhe wells ar'e cut using a 0
3 mm diameter punch, spaced about 6 mm apart, 0
as shown in the diagram. The plugs are drawn 00000
out using a pasteur pipette attached to a vacuum. 01
Fluid accumulating in the wells should be aspirated 0
before the additions are made.

3. When incubation is completed, centrifuge tubes at 160 xg for, 4 mmn.
Pemove about 900 p1 from each tube without disturbing the pellet.
Gently resuspend cells in remaining supernatant.
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4. d 10 u 1 of ce.lI susp.ens ion to each mIddlep wcl 1 of 3 it)
a ppropr i a te plIa te. Add 10 Ajl fMI..o t0 the well in the center of t hp
pll-ite and 10 )jj TCM to each of the outer wellt:;. lncuoato 2 hojul~
at 37 degrees C.

5. After incubation. cover the plates with 3 to 5 ml methanol for
30O min. Pour of f the methanol and cover wi th 4 .0 f forma ldehyde.
Let: thre plates stand overnight . Pour off formaldehye -nd crireful ly
pop out agarose (cellIs will remain attached to the plate) .

6 . Prepare Giemsa '3- wo-.rking solution by mixing 5 ml Giernsa Stock and
45 ml buffered Ili20 . Stain for 310 min or longer, if necessary.

7. Measure the distance of cell migration and record as the percent
o~control (no drug) movement.
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Su perox ide

A. Preparation - On the day of assay, prepare these solutions.
1. Cytochrome C (type VI or II[)-- Dissolve 16 mg/mi in incubation

buffer.
2. fMLP-- Thaw frozen stock (2.2mg in 0.5 ml DMSO). Dilute 0.1 ml

wit-h 9.9 ml incubation buffer. Repeat 100-fold dilution.

3. Seads-- lumr carboxylated, latex coated styrene (Polysuiences)
4. Superoxide Dismutase-- Remove frozen al iquots from -70 degree C

freezer just before needed.

B. Procedure
1. Using 12 x 75 mm polypropylene tubes with conical bottoms, add cell

suspension, cytochrome C, drug, and HGSS (volumes are given on the

following page as an example). Incubate at 37 degrees C for 30 min.

2. Add beads and fMLP and continue incubating for 20 min more.
Place the tubes in ice.

3. Centrifuge at 750 xg for 10 min at 4 degrees C. Tubes with beads

must be transferred to eppendorf tubes and centrifuged again in

microfuge for 4 min.

4. Transfer 400 1 of each supernatant and 800 .al incubation buffer
to 1.5 ml cuvettes and measure O.D. at 550 nm using the tubes

with SOD as blanks.

C. Calculations

Record percent release, using tube with fMLP as 100 % value.
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APPENDIX A: PUBLICATIONS

1. Shelly, J., Jacoby, L., Walker, S., Hoff, S.,
Tolmetin modulates fomyl-peptide stimulated
human neutrophil functions.
Pharmacologist 29(3): 124, 1987

2. Hoff, S., Shelly, J., Walker, S., Alteration
of human neutrophil functions in vitro by
combinations of meclofenamate with doxycycline
or chlorhexidine. IUPHAR, 1987.
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