Results

1. Pharmacokinetic study
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Tetracycline concentration (mcg/ml)
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B = the standard curve of tetracycline in 0.1 M phosphate
buffer, pH 4.5

y = log(tetracycline concentration)

x = diameter of the inhibition zone

rzt the coefficient of determination
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liver,

The recn'-r Fagyelir R“\ adding various amounts

of tetracycline t in Table 5. It was

found that the avegdy d liver were 72.77 %
3.34 and 78.30 + 3.4 \ \ alues: were used fnr
determining the theoxy al . 7': els In muscle and liver as the

following equation.
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73.85 + 4,74 |74.26 £ 5.11(70,54 + 1.30

4 b
Table 5 % recoveries of tetracycline im muscle - :
musc
Wﬂ\ve:\l
10 gm
(mus clé) 3.0 5.1 6.4
% recoveries|67.38 £ 2,83/68.21 £ 1.59(73.54 = 2.43074
(muscle) n=3 | (n=3) (n = 3)
% g
(muscle
1.0 0.1 g
(liver) 0.5 1.0
% recoveries| . 81.26 % 0.64 ?suszn y;— .70+ 5.85 |
ﬁ 5 1] .y

average
% recovery

)
a-!] = 3) (n=3) (o= 3)
\
6.0 12.0
78,42 + 5.41 73.12 + 4.11
(n=3) (n=2)
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Intraperitoneal administration

At the initial time of observation, 0.5 h, tetracycline was
detected in serum, muscle and liver being 1.04 + 0.44 meg/ml. 0.47 +
0.19 mcg/gm and 8.72 + 1.50 mcg/gm respectively. The highest levels

of tetracycline in serum, muscle and liver were detected at 9 h, 9 h

+ 0.31 mcg/gm and 8.72 % 1.50
ime of observation, 144 h,
le and liver, being 0.16

.10 mcg/gm. The detail

- The biologiCalfhalfflives bfitatracy, e in serum and muscle
were 37.87 h and 43 ‘~; rin serum and muscle
were 146,11 mcg.h/ml & eSpectively. The detail

was shown in Table 9.
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Table

cat-fish after the intraperitonce] administration.

& Crug lovels of tetracyeline in serum, muscle mnd Jiver in

tetracycline or
t:; e (ecg/ml or gu)

[standazd

sample 1]sasple 3|sazple I+-ph 4||-|}:It Jlﬂﬂi‘ fation
serm | 152 | - .-| #.5:% | ces | o84 |1.04 | 2 0oes
0.5 |musele | ©0.57 | ¢.56 [ 024 | 0.58 | 0,57 |p47 | 2 0.19

liver i“'l!i B.31" | 10,62 6,55 g4l | B.7T | 2 1.50
serun 2.04 6.07 ] 5.84 4.79 (3,93 | = 2.32
1 suscle | 0.88 0.76 0.29 |0.51 z 0.2
liver 6.12 ] £57 |6.09 | =2 1.27
seTun .28 - 1.98 x 1.02
i |muscle 1. 211,12 | 2 0.42
liver 6. 5, .48 ] 5.07 & 2.15
sETUE 1 .13 & 0.76
4 muscl 88 f ‘& 0.33
liver - 40 = 0.78

& L] 1
sEns B 4 3.8 &+ 1.41
& suscle Ll 2. Ll x 0.53
liver 3. L . 1 0,72
L
serus 50 55 £ 1.15
8 [suscle l-!- i ; z 0.5
liver 3 3.47 = 0.56
seTUS .52 2 5.05 | £ 0.76
12 |muoscle 2.4 73 [2.17 | = 0.36
liver 1,46 3.03 3.8 = 0.46
o
A 2 0.32
2] ' z 0.21
Lives £ 0.270
senm 1.10 .68 ﬁ z 0.16
4B mascle 0.78 0.83 1.12 0.78 0.712 2 0.16
liver liH 0.4 0.82 1.02 0.76 |0.88 | £ D.10
g = .‘ + =
b 61 24812
liver 0.61 [O.64 3 0.17
. o. 100
q W,‘ .EJI K t. E I
q L F ul b, 2D,

seTum 0.32 0.22 0.14 0.23 0.33 |0.35 % 0.08
120 |musele | 0.36 0.19 0.14 0.26 0.3 |0.27 + 0.08
liver 0,18 0.30 0.13 0.2% 0.30 (0.4 + 0.08
serus 0.18 0.3 0.16 0.16 -ve 0.16 g 011
144 mascle 0.4 0.9 0.18 0.20 o.08 |0.20 & 0.08
liver D.43 0.2% 0.3 0.38 0,17 |0.32 t 0.10

= rejected value
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The tetracycline levels (mean * 5.D) in serum after the
intraperitoneal administration (Each value was estimated

from five fish except at h 0.5 (n = 3) and h 2 (n = 4) )
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The tetracycline levels (mean * S.D).in muscle after the.
intraperitoneal administration (Each value was estimated

from five fish)
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Figure 5 The tetracycline levels (mean %+ S.D) in liver after the

intraperitoneal administration {i!ach value was estimated

from five fish)
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= means of tetracycline levels in serum

b4 = 5.D. of i
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Figure 6 The tetracycline levels (mean * 5.D) in-serum, muscle

and liver after the intraperitoneal administration
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Intramuscular administration

At the initial time of observation, 0.5 h, tetracycline was
detected in serum, muscle and liver being 1.72 % 0.30 mcg/ml, 0.51 *
0.13 mcg/gm and 1.40 * 0.26 mcg/gm, repectively. The highest levels

of tetracycline in serum,muscle and liver were detected at 6 h, 6 h

and 9 h being 2.34 = 0.58 mg 8 + 0.23 mcg/gm and 2.46 + 0,78
mcg/gm, respectively. AR e'telminal time of cbservation, 120 h,
tetracycline was alsO™@ETETLed i se and liver being 0.16
+0.06 mcg/ml, 0.18 + ¢/an| dnd 0.18%%.0, 08 mcg/gm, respectively.

The biolog: fhal ' e in serum and muscle

\
were 33.16 and 32.60%h ge ¢\ \ 3 'in serum and muscle

L\

were 97.52 mcg.h/ml afic sctively. The detail

was shown in Table 9.

X
"J

ﬂﬂﬁl’)ﬂ&lﬂﬁﬂﬂ’]ﬂ‘i
ﬂma\ammum'mmaﬂ



Table 7 Drug levels of tetracycline in serum, muscle and liver in

cat-fish after the intramuscular administration, 60
tima 4 Tetracycline (mecg/ml or gm)
organ
) standard

sasple 1|sample 2|sample 3|sample 4|sample Simeans|, . .. ..

serum 1.23 1.74 1.75 2.02 1.86 |1.72 + 0.30
0.5 | suscle. | 0.62 0.49 0.35 0.65 0.43 |0.51 | = 0.13
liver 1.03 1.58 1.41 1.60 - - 1.40 + 0.26

2.18 + 0.74
0.77 0.14
1.24 + 0.25

*

2.28 + 0.64
1.38 + 0.B6
1.24 + 0,40

2.11 + 0.39
1.48 + 0.17
1.47 + 0,40

2.34 + 0.58
1.78 + 0.23
2.10 + 1.02

2,12 | % 0.63
1.80 | £ 0.18
246 | £ D.7E

2.33 + 0.44
1,67 0.33
2.12 + 0.56

H

1.02 + 0.14
1.22 + 0.09
0.84 + 0.24

S| B o

: Vserm | 0.6 | o0.40—| 042 | 0.20 | - 0.30 | = 0.13
72 |muscie | 0.20 0.36 0.41 | 0.26 - . {0.31] % 0.10
liver | 0.14 | 0.63 | 0.34 0.23 - 0.34 | % 0.21
seTum 0.46 0.11 0.14 0.10 - 0.20 + 0.17-
g6 |muscle | 0.41 0.15 0,13 0.13 - 0.20| = 0.14
liver 0.49 0.12 0.13 0,10 - p.21| = 0.19
serum 0.11 0.20 & = = 0.16| #:0.06
120 muscle 0.13 0.23 - - - 0.18 + 0.07
liver 0.12 0.23 - - - o.18] = o0.02
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The tetracycline levels (mean + S.D) in serum afte:r. the
intramuscular administration (Each vallue was estimated
from five fish axcepf at h 72 (n = 4), h 96 (n = 4) and
h 120 (n = 2) )
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The tetracycline levels (mean % S.D) in-muscle after the
iﬁffamuscular administration (Each value was estimated
from five fish except at h 72 (n = 4), h 96 (n = 4) and
h 120 (n = 2) )
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The tetracycline levels (mean # S.D}.in,liver affer the
intramuscular administration iEach value was estimated
from five fish except at h 0.5 (n = 4), h 72 (n = 4),
h 9 (n=4) and h 120 (n = 2) )
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~—— = means of tetracycline levels in serum
b----4= S.D. of '

t———s = means of
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Figure 10 The tetracycline levels (mean % S.D) in serum,muscle and

liver after the intramuscular administration.
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Oral administration

At the initial time of observation, 0.5 h, tetracycline was
detected in serum, muscle and live¥ being 0.26 + 0.06mcg/ml, 0.34 +
0.16 mcg/gm and 2.08 + 1.57 mcg/gm, respectively. The highest levels
of tetracycline in serum, muscle and liver were detected at 2h, 6h and

40.90 mcg/gm and 2.93 + 1.29 mcg/gm,

2h being 1.28 + 0.63 mcg/ml, A7

o

respectively. And at f observation, 96h, tetracycline

L w \_‘

were also detected invserum

0.17 + 0.03 mcg/gm andg0" 15" # 0.02 mcg/ghy respectively. The detail

The biologifalfhal$e1iVesof, fetraeycline in serum and muscle
in serum and muscle

were 67.14 mcg.h/ml @i 33 mcgRjgn, - Tes; ectively. The detail was

Y
'V
U

AULINENINEINg
ARIAATUAMINYAE



bDrug levels of tetracycline in serum, muscle and liver in

Table B
cat-fish afrer the oral administration.
Tetracycline (mcg/ml or gm)
1 organ o
™ 1 - standard
5 el 1 :
amp. sample 2|sample 3|sample 4 |sample Sjmeans |, .. .. .
serum 0.26 0.21 0.36 0.22 0.23 |0.26 + 0.06
0.5 |muscle| 0.18 0 .58 0,32 0.41 |0.34 | = 0.15
liver 0.29 'l 1.26 2.82 |z.08 | % 1.57
serum L4 $65 0.79 |0.63 + 0.13
1 suscle ;.3 D.68 |0.72 + 0.42
14 ' 87 7.92 |2.m1 | £ 3.1
W,
s 1 1.2 |1.28 | % 0.63
2 muse L 5 . 1.2% |0.77 + 0.28
la I
Tiver .78 \ 0 2.80 |z.93 | +1.29
se f SN S 7 - 0.95 | + 0.23
00 W7 _
4 |musel 7 uﬁw, 0.68 E = 0.78 | = 0.21
1liv - ’%ﬂ: =, 1 - 1.16 | £ 0.35
Iy +TEe]
serum 9 X 9 By 0.32 |1.19 + 0.49
6 |muscle 71‘2%@“7 92 | o.28 |1.77 | = 0.90
liver 1.95f}_+ i 1.46 0.43 [2.00 | * 1.46
> ‘. o o
& i_-—"#"—'..f_. :
- l.'_f:’ 2.18 |0.86 | % 0.75
g Sz 58 |1.16 | £ 1.25
=
; 4,00 |2.34 | = 2.16
o
H -
m-'d 2.04 0.80 0.62 1. 0.50 [1.06 | = 0.62
12 |musleed | o3 -58 1.5% @u 1.17 0.50 |1.52 | = 1.2
Q) [serm | 1.26 | 1.05 | o.60 [ o.82 | 1.74 [1.09 | & 0.44
24 |muscle | 1.10 A0 0.95 1.87 1.60 52 |z 0.39
oS W R4 MFEU3 7 2|
q o — T
serum 0.46 0.72 0.56 0.46 10.80 | 0.55 | = 0.12
48  |muscile | 0.49 | 0.49 0.51 0.41 oad®|o.48 | 2 0.04
liver | 0.95 1.60 | 0.91 1.07 qas™ 1,13 | 2 032
oo T oz | o8 | o 1 olgenges 0.20 | +0.06
72  l|musele | 0.19 0.41 0.28 0.15 = 0.26 | =0.12
liver 0.20 1.20 0.66 0.20 - 0.56 | + 0.48
serum 0.17 0.25 0.15 0.20 - p.19 | = 0.04
96 |muscle | 0.16 0.21 0.16 0.15 - 0.17 | % 0.03
liver 0.17 0.14 0.13 0.17 - +0.15| %o0.02
R = rejected value
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The tetracycline levels (mean %z S.D) in serum after the
oral administration (Each value was estimated from five
fish except at-h 2 (n =4), h4 (n=4), h 48 (n = 4),
h72 (n=4) and h 96 (n = 4) ).. |
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The tetracycline levels (mean # S.D) in muscle after the
oral administration (Each value was estimated from five
fish except at h 4 (n = 4), h 48 (n=4), h72 (n = 4)

and h 96 (n = 4) )
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Figure 13 The tetracycline levels (mean * S.D) in liver after the
oral administration (Each value was estimated from five
fish except at h 4 (n =4), h 48 (n =4), h 72 (n = 4)
and h 96 (n = 4) }
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: +—— = means of tetracycline levels in serum
: prssila G0, OF M . "
A =—— = means of . L muscle
N F-+--I = S.D. of " i "
S T i liver
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Figure 14 “I'hettetracycline levels (mean + S$.D) in serum, muscle

and liver after the oral administration .
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Table 9 The ‘biclogical half-lives (tk%) and Aud% mcg.h/ml or gm after
the IP,IM and oral administration. (AUC = area under concentration-
time curve)
o .
Route of tis(h) ﬁucnmcg.hfml-nr =
Administration

in in in
scle serum muscle

146.11 130.25

'

24,57 67.14 72.32
Oral

J-"'
; +

L i
T
I#

ﬂuEI’JVIEWﬁWEI’lﬂ‘i
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Result Conclusion of the Pharmacokinetic Study

In general, it could be observed that after the 3 routes of
adﬁinistratinn, tetracycline was. abqurbed in to blood circulation
and the tissues rapidly.. The drug was detected within 0,5 h,

sustained at high levels [mnra than abnrut 1 mecg/ml or gm) until 24 h

// er 24 h, the drug levels in

120 h and 144 h the drug

in serum, muscle and live
serum and muscle were
levels in serum, mu G-liver o “h- , intramuscular and

intraperitoneal a bected, respectively. It

was noticable th.a levels in liver after

the intraperitone ration were increased,by

contraries, after ! drug levels were decreased,

however the rate of ing wasyery slowly. In addition, from 120 h

(about 0.5-2 h),ﬂm drug levels in liver Wﬂrml}ighar than in serum

:“::z::;mmmm 1T
A Wi RN VIR s om0

three mutes of administration were 33.1 * 4.80 h in serum and 33.61

+ 9.54 h in muscle (Table 9).

The Al.ll::g (mcg.h/mlor gm) in ':._sarum and muscle after the 3 routes of
administration were calculated (Table 9). The AUC% in serum and muscle
of each administration were somewhat different, but the A,UC': s from the

three routes of administration were distinctly different. The AUC?} s



N

13

from intramuscular administration were smaller than from intraperitnneal
administration despite their equivalent doses. The AUEgs from oral
administration were the smallest in spite of the largest dose. The

larger AUE: implies the better absorption.

AUEINENINYINT
ARAINTANIINENAY
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2. Determination of the minimal inhibitory concentrations (MICs) of

tetracycline to 57 strains of ﬁ_pm

It was found that the MICs of tetracy{:liné"tu strain;s of A,
hydrophila isolated from catfish were 0.5, 4.0, '32.0 and 128.0 IU/ml

being 3.51%, 3.51%, 5.26% and 1.75% respectively. The MICs for the-

strains from shake-head fis 1.0, 4.0, 64.0 and 128.0 IU/ml

being 17.54%, 5.26%, 3. %, respectively. The MICs

# 7-_
td s@er and soil in fish
\\\; b being 5.26, 3.51 and
\ \\ In addition,the
\ \ atfish (50%), snake-

\* .5 %] humans (0%) and JCM

for the strains from
culturing ponds) were
5.26%, respectively |. \ nd JCM having the MIC,
0.5 IU/ml being 17.5
tetracycline resist

head fish (46.42%), e
(0%). The detail was

ﬂUEl’NlHVI’a’WH’]ﬂ‘i
ammmmumqwmaﬂ
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Table 10 The Minimal Inhibitory Concentration (MIC) of tetracycline
HC1l to 57 strains of Aeromonas hydrophila.

A. hydrophila MIC
e T Sources Donors (1U/m1)
F 181. catfish Niv.jo crobiol.,Vet.Sc,Chula.Univers. 0.5

L
F 162 " 4.0
F 189 4.0
E 207 32.0
F 295 32.0
F 400 32.0
FK 297 128.0
F 510 0.5
F 542 0.5
F 551 0.5
F 3004 ‘ 0.5
F 3012 Y 0.5
F 3246 e 0.5
F 3296 ¢ o W w= 0.5
s PIUE IVBININEING ot
U
F 3313 " ¢ - " s 0.5
, . : ‘
x SW1ANNIUNNRTINEIQ Y
q
F 532 - " : " 1=
FK 287 " " 1.0
FK 514 " " 1.0
F 3038 " " ) 4.0
F 3076 L " 4.0
FK 278 " " 64.0




Table 10

HCl1 to 57 strains of Aeromonas hydrophila. (continued)

F S

The Minimal Inhibitory Concentration (MIC) of tetrachy— & —————a= = axe=

A hydrophila
strains

Sources

Donors

FK 203
FK 558
FK 588
F 3051
FK 12
FK 14
FK 18
FK 31
FK 276
FK 304
FK 337
FK 351
FK 89
FK 105
FK 368
FK 51
FK 361
FK 65
FK 152
FK 363.1
1
2

25

snake head
fish
L1}
L1}

"
n
"

n
water
"

"

"

n
1"

soil

humans

"

"

"

L]

"

"

"

-

11
1
Dr. Somanee, Mahidol
L1

L

AUL NN
ARIAIN TN

University

Div. of Microbiol,Vet.5c,Chula hivexr = ___

(B3

INYIAY

.|

L b

e
—

—




77

Table 10 The Minimal Inhibitory Concentration (MIC) of tetracycline

HC1 to 57 strains of Aeromonas hydrophila. (continued)

2 %‘1 Sources Donors [I$§ 1)
29 humans r \ f iniee ,Mahidol University 0.5
[ Y
32 n X 0.5
33 ‘é " 0.5
36 e 0.5
44 i 05
52 ' - 0.5
55 Ly 0.5
ATCC 7966 0.5
JCM 1027 0.5
JCM 2359 0.5

AUt INENIneINg
ARIAIATUAMINYIAE

ol b 1|

T (e
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Table 11 The resistant A hydrophila strains derived from the inter

pretation of disc'susceptibility test (A resistant strain has 3. 12 mcg/

47
ml tetracycline HIC{ )

/(-
2) \\\“‘*

nt strains (as calculated

strains of each group )

Catfish
Snake-head fi
Environment
Humans

JCM

ﬂUEl’JVIEWIﬁWEI’Iﬂ‘a’
ammﬂimumwmaﬂ
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3. Prophylaxis testing of tetracycline against Arhzdrgghila infection

in catfish

After a single dose (5 mg tetracycline HCl/kg catfish body
weight) of intraperitoneal administration,each catfish was challenged

with 10° viable cells of A hydrophila F181. It was found that tetra-

cycline could prevent the infei ,} 0% within 3 days. At the d4,

d6 and d7, the percentagf« rilow Las decreased to 80 , 0 and 0

respectively. The detaid @ s shown in Table 12.

The correlat srum and muscle with the

percentage of protectdo

AULINENINeINg
ARIANTAUNNIINGIAY




Table 12 The prophylaxis testing of tetracycline agaiist Aett#ghg® Mdrophila infection in catfish (clarias batrachus).

Time after ; catfish __-Dlescar e deyrlophest Percentage
Ahydrophila F 161 o g S — '

IP administ- in o
adainist- | yiahle cells/ml /] E; ¥o ulcer Mo ulcer .
ration each group ' ce ve) ( ] Ulcer(+ we) e protection

ﬁLA -\ \‘1\ \k\ - o
6 h 0.98 x 10° 10 1@ g 10 100
1d 1.32 x 10° 10 - » 10 100
24 3.32%x 10° 5 x = 5 100
34 2.97 x 10° 5 2 5 5 100
4d 0.57 x 10° 5 . 1 4 80
5d : i - m ) -
6d 4.10 x 10° 5 = 5 - 0
74 1.18 x 10° 5 = 5 i 0

e T:HM‘WW ANy s o e
RN TUAMINGAY

08
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e

— = Means
p----== S.D.
+—— = means

b-m-ad= §,D.

=——p= MEANS
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of tetracycline levels in serum

of " n "

of 'determipad tetracycline levels in muscle

nf " " " "

of theoretical tetracycline levels in muscle

L1 "

g |
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Figure ‘15 The tetracycline levels (mean # S.D) in serum and muscle

after the intraperitoneal administration, and the percentage

of protection of the catfish to A hydrophila F181 infection.
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