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RESULTS
STABILITY

Stability of cefiriaxone as a dry powder form of both
ROCEPHIN and CEF-3 preparations were satisfactory throughout

90 days at room (26-30°C), refrigerated (0-4°C) and freezing ( -11°C)
temperatures (Table 7 ). The stability profiles of these two different
preparations were quite similar (Fig. 5). However, after reconstitution
with 1% lidocaine solution, the amount of cefiriaxone in both
preparations decreased significantly at room temperature; the amount
of ceftriaxone at day 1 after reconstitution was 97.9 + 1.0 and 99.2 +
15.5 % , comparing to 51.6 + 3.6 (p=0.002) and 43.7 + 1.9 %
(p=0.0005) after 30 days for ROCEPHIN and CEF-3, respectively
(Table 8), but there was no further decrease in the amount of
ceftriaxone at day 90. We also observed a colour change of the
reconstituted solution of ceftriaxone of both preparations, from clear
to reddish-orange colour, within the first 24 hr at room
temperature but neither at refrigerated nor freezing temperature, or as
the powder form. The stability of both preparations after reconstitution
were quite stable at refrigerated and freezing throughout 90 days. The
amount of ceftriaxo-ne in ROCEPHIN appeared to  increase
significantly at day 9 and 90 when kept atrefrigerated and at days
9, 30 and 90 when kept at freezing while it was increased
significantly at day 30 for CEF-3 at freezing temperature. The stability
profiles of ROCEPHIN and CEF-3 after reconstitution are illustrated in
Fig. 6.
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Table 7. Stability of ceftriaxone powder after storage in
different temperatures

% initial amount of ceftriaxone after storage at different
temperatures compared to the amount of ceftriaxone at day 0.
mean (SD)
Time Room temperature Refigerated Freezing
(day) (26-30°C) ©4°C) -11°C)
ROCEPHIN | CEF-3 | ROCEPHIN | CEF3 | ROCEPHIN | CEF-3
1 106.0 81.7 101.7 88.0 95.7 89.0
(24.1) (11) (33.4) (13.7) (1.3) (19.7
4 113.1 94.0 94.7 81.7 103.2 91.5
6. (11.2) (13.2) (13.5) (30.9) (16.9)
9 101.3 86.0 100.4 943 105.06 89.2
(15.4) (16.2) 7.9 (5.6) 8.1 (3.8)
30 96.9 94.3 110.7 104.1 102.5 1119
(15.9) (19.5) (1L | 8.0y (7.0) (3.2)
90 96.0 99.0 104.6 80.9 103.9 98.1
(7.8) (5.3) (5.3) o.1 4.3) (7.6)
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powdet atroom temperature (N ), 0-4° C (A) and

11%¢ (®). Data are expressed as mean + SD.
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Table 8. Stability of cefiriaxone solutions after storage in
different temperatures

% initial amount of ceftriaxone after storage in different
temperatures compared to the amount of ceftriaxone at day 0.

‘Mean (SD)
Time Room temperature Refigerated Freezing
(day) (26-30°C) (0-4°C) (-11°C)
ROCEPHIN | CEF-3 | ROCEPHIN | CEF3 | ROCEPHIN | CEF-3
1 97.9 99.2 105.0 103.2 100.4 99.0
(1.0) (15.5) (6.5) (3.3) (8.8) (0.56)
4 83.8% 713 *® 105.2 99.4 105.3 88.6
(3.2) (0.8) (7.3) 2.1 (3.7 (4.8)
9 69.2 % 62.6% 106.2% 107.0 108.2 * 98.6
(2.4) (3.4) (2.1) (7.0) (1.9) (4.0)
30 51.6 % 43.7% 108.6 90.4 1115 % | 110.0 *
(3.6) 1.9 (5.7 (9.5) (L4 “.7
90 46.3% 43.0% 115.8 % 83.4 107.1 * 92.8
(0.45) (0.55) (5.8) (11.8) (L.5) (6.5)
¥ ps0.05 VS day 0

n=3
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Figure 6. Stability of ceftriaxone in ROCEPHIN (A) and CEF-3 (B)
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PHARMACOKINETICS

Twenty heaithy volunteers were recruited in the study. The
median age was 24.5 yr. Nine subjects received the 250 mg dose and
eleven subjects received the 1,000 mg dose of ceftriaxone.

The mean plasma concentrations of ceftriaxone at various time
points observed in 9 subjects after intramuscular administration of 250
mg of ROCEPHIN and CEF-3 are shown in-Table 9 and the plasma
concentration-time curves are shown in Fig 7. The pharmacokinetic
pafameters obtained from the plasma ceftriaxone concentration-time
curves are shown in Table 10 . The Cg,x was slightly lower for
ROCEPHIN with the mean value of 31.2 + 6.4 ug/mL, comparing to
343 + 4.8 ug/mL for CEF-3 (p=0.01). The V4 was slightly higher for
ROCEPHIN with the mean value of 7.4 + 3.1 L, comparing to 6.4 +
2.3 L for CEF-3 (P=0.048). There was no statistical difference in other
pharmacokinetic parameters, including T,,,,, AUCq.04, t15, Vg, CL, K,
and K,(Table 10).

The mean plasma concentrations of ceftriaxone at various time
points observed in 11 subjects after intramuscular administration of
1,000 mg of ROCEPHIN and CEF-3 are shown in Table 11, and the
plasma concentration-time curves are shown m Fig 7. The
pharmacokinetic parameters obtained from the plasma ceftriaxone
concentration-time curves are shown in Table 12. There was
no statistical difference in any pharmacokinetic parameters after 1,000
mg intramuscular administration of CEF-3 comparing to ROCEPHIN.

Since there were no statistical differences in the interested
pharmacokinetic values of either ROCEPHIN or CEF-3, except for the
Cmax and Vy after the 250 mg dosage, the pharmacokinetic data of the
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same intramuscular dosage of both preparations were combined to
compare any difference in their pharmacokinetic values. For
comparison of the C,, and Vjyafter the 250 mg and 1000 mg
dosages, we then wused only the ROCEPHIN data, and the
pharmacokinetic values of ceftriaxone after the two different
intramuscular dosages are shown in Table 13. The apparent C,,
observed after the 1,000 mg dosage was 13.8% less than that
predicted if the linear pharmacokinetics of the 250 mg dose were
assumed. The T, value of the 1,000 mg dosage was significantly
higher than the 250 mg dosage of ceftriaxone (2.1 + 0.8 vs 1.5 + 0.5
hr, p=0.04). The ratios of C,,, and AUC between the 1000 and 250 mg
dosages were approximately 3.52:1 (109.8 + 20.1 : 31.2 + 6.4 ug/mL)
and 3.1:1 (1231.3 + 214.1 : 396.2 + 74.6 ughr/mL), respectively.
Comparing the 1,000 mg to the 250 mg dosages, significantly shorter
tip (6.14+ 1.5 vs7.3 + 0.87 hr, p=0.04 ), lower K, (1.5 + 0.68 vs 2.6
+ 1.1 hr'', p=0.01) and higher CL, (0.84 + 0.15 vs 0.66+ 0.04 L/hs,
p=0.009 ) and K, values (0.13 + 0.04 vs 0.10 + 0.01 hr’', p=0.047 )
were observed, respectively.

The relative bioavailability (F.) of CEF-3 for intramuscular
preparation in comparison to the innovator ROCEPHIN preparation,
were 1.04 + 0.22 for the 250 mg dosage and 1.0+ 0.15 for the 1,000
mg dosage (Table 10 and 12).
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Table 9. Plasma concentrations of ceftriaxone over time after an
intramuscular administration of 250 mg of ROCEPHIN

and CEF-3.
Time after Mean plasma ceftriaxone concentrations (ug/mL)
dose (hr) (n=9)
ROCEPHIN CEF-3
0 0 0
0.25 153 +4.6° 176 +5.8
0.5 228+ 70 265+5.1
0.75 277177 29.8+5.2
1 305+£5.7 33.7+£7.0
2 2981+ 6.0 31.6+7.0
3 28.6 6.4 322163
4 25.5+6.9 286156
6 20.9+5.0 21.2%+3.0
8 17.8 £ 3.6 18.1+2.9
24 53 1.3 52 *1.5

a mean £ SD
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Table 10. Pharmacokinetic parameters of cefiriaxone after an
mtramuscular administration of 250 mg of ROCEPHIN

and CEF-3 .
Pharmacokinetic ROCEPHIN CEF-3 P- value
parameters
Ciax (ug/mL) | 312 + 6.4°% | 34.3+438 0.01 =*
Tmax (hr) 1.5+0.7 1.4+0.6 0.52
ty/2 (hr) 7.7+12 7.0+1.1 0.19
Vd L) 7.4+3.1 64 £2.3 0.048 =
CLp(L/hr) 0.67+0.17 | 0.65 +0.11 0.69
Ke(hr™) 0.09£0.01 | 0.10+0.02 0.15
K, (hr"l). 25+1.0 27 +14 0.62
AUC (ughr/mL) | 3942+ 89.7 | 39824594 0.89
Frel 1.04 +0.22

a mean & SD

* statistically significant
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Table 11. Plasma concentrations of ceftriaxone over time after an
intramuscular administration of 1,000 mg of ROCEPHIN

and CEF-3.
Time after Mean plasma cefiriaxone concentration (ug/mL)
dose (hr) (n=11)
ROCEPHIN CEF-3
0 0 0
0.25 34,8 +20.3° 37.1 £22.8
0.5 63.8 £23.3 62.4 £24.8
0.75 85.8 +26.3 84.8 £30.6
1 98.0 £25.9 96.8 £27.5
2 1089 + 18.2 108.8 +22.7
3 1040+ 17.8 102.7 +26.4
4 925 *+14.3 93.5+ 18.1
6 78.1 £ 14.3 76.3 £ 10.7
8 570 £12.0 63.7+7.3
24 13.4+3.7 151+3.6

a mean* S.D.




37

Table 12. Pharmacokinetic parameters of ceftriaxone after an
intramuscular administration of 1,000 mg of
ROCEPHIN and CEF-3 .

Pharmacokinetic ROCEPHIN CEF-3 P- value
parameters

Cmax (ug/mL) | 110.1£18.0°% | 109.5+22.1 0.69

Tmax ( hr) 2.0+0.7 2.1 0.9 0.65
t1/2 (hr) 57+1.4 6.5 £2.1 0.19
Va@) 70+1.3 73 +22 0.53
CLp(L/hr) 0.89 +0.2 0.87 £0.15 0.068
Ko(hr ) 0.13 +0.03 0.12 +0.06 0.61

-1 + + 0.60
K, (') 15+0.7 1.6 £0.8

AUC (ughr/mL) | 1176.1+ 223.7 | 1286.4+204 4 0.07

Frel 1.0£0.15

a mean + SD
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Figure 7. Comparison of the mean plasma concentration-time curves after .
single 250 (A, A ) and 1,000 mg (O, B) intramuscular dosages
of ROCEPHIN and CEF-3. Data represent mean + SD.
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Table 13. Comparison of pharmacokinetic parameters of ceftriaxone
after single intramuscular doses of 250 (n=18) and 1,000
mg (n=22) of ceftriaxone .

Pharmacokinetic ceftriaxone ceftriaxone P- value
parameters 250 mg 1000 mg
Crax (ug/mL)* [ 312 £64° 109.8 £20.1 <0.0001
Tmax (hr) 1.5 0.5 21+0.38 0.04
AUC (ughr/mL) | 3962+ 74.6 1231.34214.1 | <0.0001
t1/2 (hr) 73 £0.87 6.1 +1.5 0.04
Vg (L)* 74 £12 72 £16 0.84
CLp(L/hr) 0.66 *0.04 0.84 £0.15 0.009
Ke(hr 1) 0.10-10.01 0.13 +0.04 0.047
K, (b)) 26 1.1 1.5 £0.68 0.01
a Mean = SD

* The mean value for the 250 mg dosage was the data of the innovator

preparation only.
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URINARY EXCRETION

Urinary concentrations of an unchanged form of ceftriaxone after
intramuscular administration of 250 or 1,000 mg dosages of
ROCEPHIN and CEF-3 are shown in Table 14 and 15. There was no
difference in the amount of ceftriaxone excreted in the urine over time
when the same dose of different preparations were compared. The
cumulative renal excretion of ceftriaxone after 250 mg dose of
ROCEPHIN and CEF-3 were 51.3 + 124 and 573 + 5.3%,
respectively, comparing to 47.4 + 10.8 and 46.1+ 13.8% after 1,000
mg dosage. The average renal clearance of ceftriaxone estimated during
each interval are shown in Table 16 and there were significant
differences in the renal clearance values observed during 8-12
(p=0.001) and 12-24 (p=0.007) comparing to during 0-2 hr after the
1000 mg dose. The average renal clearance of cefiriaxone of each
interval was plotted as a function of time at midpoint of each collection
interval (Fig. 8) and urinary excretion rate compared to the plasma
concentration-time profile (Fig.9). The peak urinary excretion of
ceftriaxone occurred between 2-4 hr after 250 and 1,000 mg
intramﬁscular dosages and appeared to be paralleled to the plasma
concentration-time profiles. A significantly high correlation was
observed between the plasma concentration of ceftriaxone and rate of
urinary excretion (r=0.917) (Fig.10). The renal clearance over 24 hr
after 250 and 1,000 mg of ceftriaxone administration were not
significantly different (0.37+ 0.06 and 0.39 + 0.1 L/hr , respectively,
p=0.4) (Table 17).

Since there was no statistical difference in the percentage of dose

excreted in the urine and renal clearance of ceftriaxone after
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ROCEPHIN and CEF-3 administration, the pharmacokinetic data
obtained after the same intramuscular dosage of the two preparations
were combined to compare any difference in the pharmacokinetic
values when different drugs were administered (Table 18 ). These
pharmacokinetic values of ceftriaxone estimated from the
urinary ceftriaxone time-concentration profiles were similar to those

estimated from the ceftriaxone plasma concentration-time profiles
(Table 19).
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Table 14. Urinary excretion of ceftriaxone over 24 hours after single
250 mg intramuscular administration.

Time (hr) Urinary cefiriaxone Amount of ceftriaxone % Dose excreted in Cumulative % dose
concentration (ug/mL) excreted in the urine the urine excreted
(mg)*

Rocephin Cef-3 Rocephin Cef-3 Rocephin Cef-3 Rocephin Cef-3

0-2 204.0 126.5 221 26.8 38 10.7 3.8 10.7
93 | +1050 | £10.1 +10.3 +4.0 +4.1 +40 +4.1

244 140.6 202.9 18.9 317 7.6 12.7 16.4 23.4
199.4 +7.0 47 +79 +1.9 3.2 +5.7 2.7

4-8 257.1 165.0 350 34.7 14.0 139 304 37.3
+162.9 | +1084 } £11.4 § £10.5 +46 | £42 +9.2 +29

8-12 143.5 112.8 23.0 21.8 9.2 8.7 39.6 46.0
+79.6 +42.9 +11.9 +37 +4.8 15| %113 +3.2

12-24 63.1 728 29.2 28.2 11.7 11.3 513 57.3
+24.0 +29.8 +15.8 +9.1 +6.3 +24 | £124 ] £53

* Calculated from the urinary concentration of ceftriaxone(mg/mL) x volume of urine (mL).
Data represent mean + SD.
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Table 15. Urinary excretion of ceftriaxone over 24 hours after single
1,000 mg intramuscular administration.

Time (hr) Urinary ceftriaxone Amount of cefiriaxone | % Dose excreted in Cumulative % dose
concentration {(ug/mL}) excreted in the urine the urine excreted
{mg)*

Rocephin Cef-3 Rocephin |- Cef-3 Roceph Cef-3 Rocephin Cef-3
in

0-2 1065.2 | 1045.1 95.8 97.1 9.6 9.7 9.6 9.7
49159 | £1099.1 | £31.2 | £52.2 | &3.1 5.2 +3.1 +5.2

24 12274 | 19148 | 108.6 98.0 10.8 28 20.4 19.5
#6501 | 9217 | £17.0 | £35.1 +L.7 +3.5 t4.1 +6.6

4-8 847.8 1173.1 147.2 1030 | 147 103 351 29.8
+439.7 | +8784 | 126 | =478 | %13 +4.8 +4.6 +9.2

8-12 315.6 590.6 53.8 80.5 54 30 40.5 37.8
12267 | #4495 | £287 | 7.9 | +29 +2.8 +73 | £12.0

12-24 14.0 256.5 68.7 827 6.9 83 47.4 46.1
+1300 | £1640 | £39.5 [ £19.2 | 139 +1.9 | £ 108 | £13.8

* Calculated from the urinary concentration of ceftriaxone (mg/mL) x volume of urine (L)
Data represent mean + SD.




44

Table 16. Renal clearance of ceftriaxone after single intramuscular
administration of 250 and 1,000 mg dose of ceftriaxone.

Time Renal clearance of ceftriaxone (L/hr)
(hr)
250 mg 1000 mg
ROCEPHIN | CEF3 | ayerage | ROCEPHIN CEF-3 average
02 0.45 0.48 047 0.54 0.54 0.54
+o14° +oi1s +00 + o1s + 017 to0.14
74 0.39 0.55 0.47 0.54 0.45 6.50
% 014 X o025 to.19 + 008 + o013 +o10
48 0.42 0.43 0.42 0.50 0.31 0.40
+ 012 +oz20 | Xois * 002 + 016 +o007
812 040 038 0.39 0.28 0.37 0.33
+ 020 + o1 + 006 + 014+ T 014+ T4
1224 027 030 0.28 0.21 0.24 0.23
+ 018 * 009 | Xoat + 010+ to08+ T 008+
a mean i" SDh

* p< 0.05 comparing to 0-2 hr.
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Figure 8. Average renal clearance of cefiriaxone after  single 250
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Table 17. Renal clearance over 24 hr after single intramuscular
administration of 250 and 1,000 mg dosage of ceftriaxone.

Dose of Renal clearance (L/hr) P-value
ceftriaxone mean + SD
(mg)
ROCEPHIN CEF-3 average
250 0364+0.05 | 038 £0.10 0.37 + 0.06 0.09

1000 042 + 008 | 036+0.12 | 039+ 010° | 071

a p=0.4 vs 250 mg dosage
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Table 18. Pharmacokinetic parameters calculated from the urinary
excretion after single intramuscular administration of
250 and 1,000 mg of ceftriaxone.

1,000 mg dosage

Pharmacokinetic | 250 mg dosage P-value
parameters o
K. (hr'') 0.12 +0.03* 0.14+ 0.07 0.70
t 12(hr) 6.60 +2.50 510+ 0.92 0.10
K. (hr') 0.09 +0.04 0.09 + 0.03 0.60
K, (hr'") 0.03 + 0.03 0.05 + 0.03 0.13
fe 0.60 +0.08 0.50 + 0.15 0.54

a mean=x SD

Table 19. Comparison of the t;, and K, calculated from the plasma
concentrations and urinary excretion of ceftriaxone after

intramuscular administration.

Pharmacokinetics 250 mg dose (n=5) 1,000 mg dose (n=>5)
- paramefers
serum urinary serum urinary
excretion excretion
Ke(hr'l) 0.10+0.008"{0.12+0.03 | 0.13+£0.05 | 0.14 +£0.07
t 1n(hr) 7.4+058 6625 6.2 +17 51+092

a mean* SD




