CHAPTER IIX

MATERIAL AND METHODS

This thesis 1s divided in two parts, the laboratory study

(in vitro) and the climicad study (in vivo).

A IN VITRO STUDIES

Collected 460 clinically isolated strains of‘gram negative
bacteria, the majeor problems ofi serious infections, from patients of
three hospital centérs in Bangkok (Ramathibodi, Chulalongkorn, Rajvithi).
These organism were AcknetoBadtes spp ., « Enternobacten 6pp.,+ Eschernichia
co&(..,+ Keebsiella spp. ,+ Citrobactern4pp. ,+ Indole posdiitive p&oteu/.s,+
Proteus rru')iab&'«'&i/s,+ Pseudorionas aeuginosa, Salmonella App.,+ Seviatia
6Pp.+ and Pseudemanas_paeudomalfit (clinically isobkased from Ubolraj-
thani hospital).

(+ are the organisms of Enterobacteriaceas<group)

All of thesejorganisms were collected during 1985 and were

kept refrigerated®on semi-solid nutrient adar (0.4%) .

1% Susceptibility testlof Jgram nhegative bacteria) o piperacd lin| and

other antimicrobial "agents by disc/diffusion method (Barry 1976a)

a) Preparation of agar plate

Mueller Hinton agar was used as the test agar. After

rehydrated the agar medium was sterilized in the autoclave and then



17

poured into the sterile plate at temperature about 50°C. They were

kept to room temperature before use.
b) 1 otic sensitivity disc

- Piperacillin;  bederlle Co.Ltd. &410559

at No 16644

- Ticarcillin;
- Gentamicin;

- Amikacin; ) Bayer TRty WOt M\k 853
- Cefotaxime;
- Cefsulodin ;

- Ceftazidime;

c) Prepara

The inocul ere: Pl suspending 4~5 freshly
f ‘ Fadasbngd ' «

isolated colony in MHB and 1'ﬂ?““"'“: 2-8 hours at 35-37C, then

=l A#hfﬁff‘

adjusted turbidity

arland turbidity

W streaked o%:he MHA plates,

then the sen51t1v1t%rdlsc of each antlblotlc drugs were placed in

the ppﬂﬁ EJVJ ﬂeﬂ qn ﬁw qu ﬂnjd incubated

at 37C ov

q W ) - : v I. .
q ter overnight incubatio hese plates, tle diam eler

of clear zone were measured and interpreted the zone sizes by using

(Tube No. 1) ) gl

the standards of NCCLS (Table 1)
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Table 1 NCCLS

(National Committee for clinical Laboratory stanidards)

Zone diameter interpretive standards,

nearest whole mm
Sensitivity disc

IS MS | S
e .
Piperacillin 7 ) | . > 18
Ticarcillin . : : 1 > 15
. A
Amikacin § > 17
Cef otaxime 15-22 > 23
_;;ft;zidime > 18
Cef;;:;;;n > 17
—;;;;;micin > 15

Notes

=S T

"l I -
L]
L] S =

f"
Intermediate susceptible o

Moderate su tible

ﬂum ‘ﬁﬁ%ﬁﬂﬂ’]ﬂi
QW’W&Nﬂ‘iﬂJ UNIINYA Y
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e) Analysis of data

1) Susceptibility of isolated gram negative bacteria to

piperacillin was compared to other antimicrobial agents in percentage

2) e éeudomonws aeruginosa
! i dther antibiotic

drugs. :

eRUGLNosa to
piperacillin comp irli termination of cross-

resistance between (Regression line)

AULININTNEINS
RIANTIUNRINAE
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2. Determination of minimum inhibitory concentrations (MICs) and

minimum bactericidal concentration (MBCs) of pipéracillin‘to

gram negative bacteria by broth dilution technique (Barry, 1976b)

a) Preparation of broth medium

Mueller Hintou broth (MHB) was used as the medium. The
medium was prepared by disseldving 2.1 g in 100 m} distilled water.
The rehydrated broth medium' was then sterilized in the autoclavé for
: 15‘min at 121C. The #inal pH /of the broth was approximately 7.4.

The refrigerated medium should.be used as stock solution for at;least

a week and warmed .to room temperature' before use.

i b) Preparation of antimicrobic dilution

Preparation of standard powder (961.53 upg/ml potency) was
prepared to concentratién 200G nug/ml by dissolve 10.4 mg drug péwder

in’5.0 ml'sterile distilled water. This stock solution could be kept
frozen at -20C for about a“week.  Only freshly prepared solution Qas

uséd in this studfe—The-stock-solitionwas-dilitedfutthur by adding
MHB to-each of piperacillin solution to yield the concentrafioniof

512, 256, 128, 64332, 16, 8, 4, 2, 1, 0.5 and 0.25"ug/ml by the

standard two-fold dildtion technique.

c) m Preparation of the inoculum of isolated strains.

l
The inoculum were prepared by the-same method of “suscep-

3 |
tibility test to vield the required inoculum econcentration ofA1fx 108

CFU/ml. Then this inoculum was diluted 1:2000 by MHB to 2.5 x fOS

CFU/ml. The inoculum effect was tested by 1:20 and 1:200 further
7

dilutions with MHB to yield the inoculum sizes of 0.5 x 10" and

0.5 x 106 CFU/ml, respectively.



was added to 0.5 ml of each inoculum of isolated strain with the

final concentrations of 256, 128, 64, 32 ..... and 0.125 pg/ml

| d) Quality control

' The control medium (MHB 1 ml)”and-the control growth

inoculum (0.5 ml + MHB 0.5ml) were used as the control studies.

Both control and tested| studies were 1ncubated about

-

16-18 hours at 35-37C.

e) Determination of MICs

Af ter the 16-18 hours incubation, the turbidity of these
solutions were detected by index 6f clear broth in which ﬁhe growth
of bacterial strains was inhibited by ‘antibiotics. The lowest
concentration of antibioties that gave the first clear broth solution,

was the minimum inhibitory cencentration or MIC.

f) Determination of MBCs

The MBCs were determined by agar—plated‘techniques.: Each
clear-broth was subcultured to nutrient agar plates to determine the
presence of«/viablesorganisms After overnight incubation, tﬂe-subcul—
tures were examined.and.the number| of colony florming lunits Qas
measured. The MBCs was def inedgas the lowest concentrationkthat

resulted in99.9% of killing micrcorganisms.

g) A quality control

The MICs and MBCs of piperacillin against S. awreus ATCC

25923 werc determined to correct the method used.
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h) Analysis of data

————

! 1) The activity of piperacillin against gram negative in

cumulative percentage of MICs and MBCs (ug/ml).

2) Comparison of the activity of piperacillin in MICs
ané MBCs against 10 types of c]inicaliy isolated organisms by statistic
method (hypothesis of variance ratio).

3) Actavity of piperacillin against gram negative bacteria
in MIC50,9O and MBC50,9O (ug/ml);

4) Comparativejactivity of piperacillin in MIC and MBC
(ug/ml) assay againsg PAQudomgnas-aeauginosa@ from three hospitals
{Ramathibodi, Chulalongkorn, Rajvithi).

5) ThelMICS and MBGs of ‘piperacillin against Pseudomonas

aeruginoda and Pseudomonas pseudomalfif using the inoculums of 10°

CFU/ml and 107 CFrU/ml.

B. IN VIVO STUDIES

1. Study for climical efficacy and bacteriological response of

piperacillin

Children (1 month - 13 years) insthe department of paedriatics
Ramathibodi Hospital, were studied during January, 1985 through

October, 1985.

a) Criteria [or selection of paticnts

1) Clinical evidence of blood disease eq. leukemia,

agranulocytosis.

2) Respiratory tract infections eq. pneumonia, bronchop-

neumonia, empyema, pulmonary abscess.
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3) Urinary tract infection eq. pyelonephritis with
bacteremia, perinephritic abscess.

4) Skin infections eq. burns complicated with septicemia

5) Soft tissue i “3‘ Sns . infections resulting from

trauma, surgery,

cill

in or cephalosporin

b)
enous or intra-
muscular injections, ‘ >_ e 1i ‘-- oissolved in 5 ml
r J b ]
of sterile water for i i DoSE r these serious infections
were 200-300 mg per kg dai eé-;a“-f; 4-6 hours in children and

brA A

100 mg per kg daily gi ants.

c) Dataﬂllection

Pre- the‘

ﬂ-‘UEJ’&r‘H HRINEINT

- present 1llness

AR ammﬁmmmaﬂ

- Dlagn051s
- underlying diseases

- concurrent diseases
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- The previous therapy for this infection
- Site of infection

- Causative organism

- Sensitivity

During the
- Antibio
- The

- Prog

- Durings

Post ther

- Pos

d) Conclusion »

of signs and symptoms

ion of signs and
)
A

‘owed b }ﬁgst Rx

1oratlon

ﬂUEi’JVIEWﬁWE}’]ﬁﬁ

- Not evaluate

QW\NﬂﬁﬂﬁJ%’l’mﬂ']ﬂﬂ

- Eradication = Abscence of original pathogen post Rx
- Marked reduction = Decrease in number of organisms

to clinically insignificant level therapy.
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- Persistence = Presence of origin pathogen(s) post

Rx or at time.

2. Study of adverse ef

These information:;ﬁéa:‘- patient charts af ter

:,ﬁ the follow1ng

the ward physr:z;
laboratory tesrgf!? ii icillin therapy

-~ Haemogl Hln

ﬂ
- Total WBC

I;JmphﬂlEJWlTWEJ’]ﬂ‘ﬁ ,
amwnsmmmmaﬂ

Platelets count

Albumin
- Globulin

- SGOT (serum glutamic oxaloacetic transaminase)
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- SGPT (serum glutamic palmitic transaminase)
- Alkaline phosphatase

- Total bilirubin

- BUN (Blood urea
- Creatinine

- Others (Ur

Complete( th |micro: copic ination of

eq. drug fever, ski ' of ; in tinal disturbance
such as nausea vomitin reaction (eqg. phlebitis),

allergic reaction and hemate g:;ar d;&.ﬂf
= 2 #

. - e — - -
3. Pharmacok1 ! 3 nd 4 g intravenous

macok 1P Lo
administrati

ionslin n nation of serum drug
I %
ients with 200-300 pg/kg/day piperacillin, given

level in pat

mﬂ?fﬁﬁl?‘i’lﬂﬂiﬂﬂ’]ﬂ‘i

n normal subjects

amaﬁmmumwmaﬂ

(Average 37.96 * 4.45 mg/kg/dose and
75.94 £ 8,90 mg/kg/dose)
Age : 27 £ 0.5 years

weight : 53.28 t 2.8 kg
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Blood level at 0-6 h. intervals were determined by

collecting sera at specific time

Urine we “ed ~and..d ing the periods of

0 to2h., 2 to 4 , 7 g 02N id 12 to 24 h. after

the piperacillin dgse. , e _Jsarn 5 _a,uhgsured and stored

cting the serum

-
at 10 min, d of 6 -Iﬂ.f injection

‘bﬂ samiles (in Mmal subjects and in patients)

mﬂ:ua bbbl el Bbee] T chiones o

clot at r m temperature for ifout thirty mlnutes, then theqhira were

FRIAND IR AN TEREAH

peqformed within

c) Piperacillin assay

Serum piperacillin and urinary excretion concentration

were determined by a modif ied agar well diffusion method with
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Sancina Luiea ATCC 9341 as the test organism (Erdberg and'Chu,‘1973).
1) Preparation of the test organism
S. Lutea ATCC 9341 was incubated and allowed to grow on
nutrient agar slant a£ 32-35C overnight. . The organism was then washed
out with phosphate buffer in saline (PBS) pH 6 * 0.05, using sterile
glass beads, and adjusted. to the sturbidity.ef..32-34% transmittance at
580 nm on Coleman Jr. The bacterial suspension was then kept in the
refrigerator untal uses
2) Prepapationiof pour plates
The assay/medium was prepared by mixing 30.5 g of the
antibiotic medium I with 1000 ml of \distilled water. The medium was
sterilized by autoclaving at 121T‘for 15 min and kept to 50C for at
least half an hour before use.. . The standardized S. Lutea suspénsion
075 ml was added to each 100 ml of the above media. Pour plates were
m;de by psing 12 ml éeeded mediun for a 9 mm standard pyrex-petri-dish
on critically-leveled surface and allowed to solidify at room
temperature and® stered-in-the-refrigerateor-foer-ne-longer than 24 hours.
The pH of the medium was approximately 6.0
3) "Preparation of standard curves and assay of specimens
Standard piperacillin ‘powder (961.53 ug/mg potency)
supplied by Lederlle Co ,Ltd. (Thailand) was dissolved in sterile
distilled water and diluted further by sterile buffer I pH 6;i 0.5
to yield the £inal concentrations of 3.5, 3, 2, 1.5 and 1 ug/ml. In
each seeded agar plate were created six 4 mm diameter wells. fwenty
five ul of each concentration of standard piperacillin and eacH
dilution of serum and urine specimens were filled into the wells of

those pour plates in the alternative patterns with the reference
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standard concentration of 2 pg/ml. Zone diameter of growth inhibition
was measured by vernier.calipers af ter overnight incubation at 32°C.
Mean of tripicate reading was used and piperacillin concentration in
serum and urine was calculated using standard curve plotted between
the zone-diameters and standard piperacillin.concentration on semi-
logarithmic paper. In case that the deviaﬁion was too great to be

accepted the assay 'should be repeated as soon as possible.

The correlation coefficients of the regressions lines
varied from vy = 0.9968 to v,= 0L9973 in serum and from y = 0.9788
to v = 0.9967 in urinea.

4) Piperacillin assay «im, the presence of aminoglycoside

If aminoglycosides was the concomitant antibiotic,

serum piperacillin concentrations were /determined by the use of sodium
polyanethol sulfonate (SPS). "It was found that SPS could selectively
inhibit aminoglycosides and polymyxin antibiotics without any significant
inhibitory effect on other commonly utilized classesl of antibiotics
includiqg penicildins (Edberg @& al ., 1976). SPS'is available as 5%
sterile liquid (Grobax; Hoffmann-La Roche Inc.,.USA) in 10 ml vials
oréin powders form 1.6 ml of sterile 5% SPS solution was added to
each 12 ml_ofl 50 melted antibiotic medium/ nol.' I ‘agar. Tﬁen 0.5 ml
of 32-34% T. (transmission) S."€ufea suspensiof was added' to each
100 ml of the above medium. Pour plates were.made and allowed' to
solidify. Each plate contained 12 ml of seeded medium. The micfo—
bioassay was carried out in the same way as previously described. As
a control, each plate included a central special well containing'the
high concentration of.aminoglycoside to reassure that the aminogly-

coside was entirely inhibited. The slope of the standard curve
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obtained from this method was equal to the one got from piperacillin

assay without SPS being used.

5) Determination of pharmacokinetic parameters in

normal subjects

rve of piperacillin was

performed by least m: s qus L : ysis.

. yh&:hserum level data

af ter IV admini ompartment open

pharmacokinetic of a drug into

vascular compar

sion analysis and

the method of residuals/ to’ the sum . two exponentials : C; =

-at -

Ae + Be~Bt 'ﬂnmﬁkwncentratlon at time t

af ter the dose. Wagner, 1975)

an of the fast and

slow dispositior processes, resps 12""

fri o
3 = the zero-time intercepts of. the two component

of the the blexpon‘h 1 curves

ﬂumwﬂmwmm
AR FINIHARIINYINY

AR + Ba
21 TOOA R
k = the specific rate constant for distribution

12

into peripheral compartment



31

k21 = the specific rate constant for distribution

out of the peripheral compartment

compartment resp

Vdss and r _L_ st lf at steady state

trapolation

oncentration time 0-a

ﬂumwwwmm
Qﬁqﬁaﬂﬂ‘iﬁﬂﬂﬁﬂ’mmﬂﬂ




32

Vd (ext)

timated from

> derived from

ClNR

Results were standard .73 m2 body surface
e

area and presented as mean

ﬂUEJ’J‘VIEWI?WElHﬂ?
’QW’WMT]‘E@NNW]'JVIEJ’IMI
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