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Toxicity screening of a newly developed oral heparin derivative were carried out in 6 male cynomol-
gus monkeys (Macaca fascicularis), composed of a treatment group and vehicle control group. A
newly orally active heparin derivative, developed by Seoul National University, was once given to
treatment group at dose of 500 mg/kg. A treatment group did not show any change in body weights,
hematological parameters including platelet-related varivables (platelet, PDW, PCT, MPV) and serum
biochemical parameters (e.g., AST, ALT, BUN, etc.) for 2 weeks compared with those of vehicle con-
trol group. We also confirmed the maximum plasma concentration (Cmax, 1.73 [U/ml) and the time
(Tmax, 1 hr) to reach Cmax. The present study will be valuable in the proper interpretation for non-
clinical study using cynomolgus monkeys in the development of new drug of heparin derivative.
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Fig. 1. Schematic structure of LMWH-DOCA.
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Table 1. Abbreviations, unit and analysis methods of the items

ltems Units Methods

RBC (Red blood cell) x 108/mm? Laser optical (Flow cytometry)

HGB (Hemoglobin concentration) g/dl Cyanmethemoglobin spectrophotometry

HCT (Hematocrit) 5 Calculation from MCV

MCV (Mean corpuscular volume) FT Laser optical (Flow cytometry)

MCH (Mean corpuscular hemoglobin) (HGB/RBC) x 10

RET (Reticulocyte count) op/g Laser optical with cytochemical reaction

RDW (Red cell distribution width) 0/° Laser optical flow cytometry

WBC (White blood cell) x° 10%mm? Laser optical with cytochemical reaction
mm .

Platelet x 10%mm® Laser optical Flow cytometry

PDW (Platelet distribution width) % Laser optical Flow cytometry

PCT (Plateletcrit) 0/2 fl Laser optical flow cytometry

MPV (Mean platelet volume) Laser optical flow cytometry

AST (Aspartate aminotransferase) 1/ UV-rate

ALT (Alanine aminotransferase) A UV-rate

ALP (Alkaline phosphatase) U P-NPP

BUN (Blood urea nitrogen) mg/dl UV rate

CREA (Creatinine) mg/d| Jaffe

GLU (Glucose) mg/dl Hexokinase

T-CHO (Total cholesterol) mg/dl Enzyme

A/G (Albumin globulin ratio) ratio ALB/(TP-ALB)

TP (Total protein) g/dl Biuret

ALB (Albumin) g/d! BCG

CPK (Creatine phosphokinase) ~un UV-Rate

TG (Triglyceride) mg/dl Enzyme

Ca (Calcium) mg/dl OCPC

IP (Inorganic phosphorous) mg/dl uv

PL (Phospholipid) mg/dl Enzyme

T-BIL (Total bilirubin) mg/dl Enzyme

Na (Sodium) mmol/l Electrode

K (Potassium) mmol/l Electrode

Cl (Chloride) mmol/l Electrode
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Table 2. Body weight and food consumption after single
dose of a newly developed oral heparin derivative

Group*
Body weight
Control Treatment
Day 0 4,120 + 346 4,130 £ 242
Day 1 4,126 + 315 4,138 £ 241
Day 3 4,119 £ 362 4,168 + 247
Day 7 4,069 £ 357 4,147 £ 270
Day 14 4,142 £ 364 4,246 + 226

*Each value represents mean + SD (n = 3).
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Table 3. Hematological parameters after single dose of a newly developed oral heparin derivative

Day 0 Day 1 Day 3 Day 7 Day 14
Control Treatment Control Treatment Control Treatment Control Treatment Control Treatment
RBC (Red blood cell) 555+ 537+ 546 + 533+ 529+ 523+ 563+ 558 + 572+ 564+
0.32 0.42 0.44 042 0.38 0.59 0.49 0.80 0.25 0.72
HGB (Hemoglobin 1280+ 1230+ 1250+ 1220+ 1230+ 1200+ 1310+ 1280+ 1320+ 1280%
concentration) 0.26 0.85 0.64 0.80 0.58 1.25 0.69 1.27 0.12 1.08
HCT (Hematocrit) 4260+ 4130+ 4230+ 408+ 4050+ 39.70+ 428+ 415+ 432+ 419+
0.89 1.81 2.06 1.76 1.86 294 257 3.91 0.85 292
MCV (Mean 7690+ 7730+ 7790+ 7660+ 7680+ 7610+ 7620+ 7480z 756+ 746+
corpuscular volume) 3.81 5.85 3.94 3.92 3.69 443 343 4.16 323 4.88
MCH (Mean 2310+ 2300+ 2390+ 2290+ 2390+ 2330+ 2340+ 2300+ 2300+ 2290z
corpuscular hemoglobin)  1.01 142 0.98 1.38 0.98 0.84 1.15 1.56 0.95 1.53
RET% (Reticulocyte 130+ 1.70 ¢ 130+ 1.80 130+ 220t 1.50 + 220+ 110+ 170+
count) 0.26 0.46 0.23 0.38 0.21 0.65 0.32 0.76 0.06 0.55
WBC (White blood cell) 812+  10.09 + 821+ 874+ 799+ 830t 697+ 685z 873 9.08 +
3.01 1.24 142 0.75 1.76 0.77 1.17 1.04 1.13 0.34
Each value represents as mean value (n = 3).
Table 4. Platelet-related parameters after single dose of a newly developed oral heparin derivative
Platelet PDW% PCT MPV
Day 0
Control group 380.00 + 57.20 58.10 £ 2.63 0.34+0.04 8.90+0.57
Treatment group 350.00 + 80.80 58.50 + 3.81 0.31+0.08 8.80+044
Day 1
Control group 360.00 + 58.30 61.40 £ 3.17 0.3310.05 9.00 £ 0.60
Treatment group 338.00 + 80.30 57.8+3.90 0.29+0.07 8.50+0.25
Day 3
Control group 358.00 + 65.80 61.80 + 3.68 0.32+0.05 9.10 £ 0.60
Treatment group 334.00 £ 57.00 5021485 0.29 £ 0.06 8.70+£0.50
Day 7
Control group 385.00 £ 62.50 59.90 +2.27 0.34+0.05 8.80+0.35
Treatment group 399.00 £ 91.90 57.6+12.89 0.33+0.07 8.30+0.76
Day 14
Control group 376.00 + 56.50 64.40 £ 0.81 0.35+0.04 9.40 £ 0.90
Treatment group 378.00 £ 80.30 59.6 £ 3.66 0.34 +0.07 8.90+0.58
PDW% (Platelet distribution width), PCT (Plateletcrit), MPV (Mean platelet volume).
Each value represents as mean value (n = 3).
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Table 5. Serum biochemical values in cynomolgus monkeys after single dose of a newly developed oral heparin derivative
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Day 3 Day 14

Control Treatment Control Treatment
AST (1U/l) 32.30+4.80 47.10 £ 18.64 30.60 £3.92 36.40 £ 8.05
ALT (1U/1) 37.40 + 561 59.00 + 15.71 32.00 £ 20.21 30.80+3.15
ALP (1U/N) 1,042.90 £ 229.44 1,033.10 £ 250.51 1,020.00 £ 216.98 1,175.60 £ 353.66
BUN (mg/dl) 17.10+£0.81 21.80 £ 2.84* 17101 1.07 21.80+£4.68
CREA (mg/dl) 0.96+0.12 1.09+0.08 0.95+£0.04 1.20 £ 0.06**
GLU (mg/dl) 55.10 £ 10.45 69.30 £ 14.95 56.90 £ 10.57 78.10 £ 11.81
T-CHO (mg/dl) 95.30 + 16.86 115.00 + 26.91 100.10 £ 20.44 110.40 £ 27.14
A/G (ratio) 1.56+£0.12 1.46 £ 0.09 1.58 £0.13 147 0.1
TP (g/dl) 7.01+£0.09 7.25+0.52 7.09+0.05 7.31+£0.39
ALB (g/dl) 427 +017 429+0.25 4341016 4341014
CPK (1UN) 256.00 £ 48.30 514.00 £ 186.80 269.00 £ 51.20 631.00 £ 383.6
TG (mg/dl) 2530+£2.29 29.00+9.18 19.30+1.05 30.00 £+ 11.46
Ca (mg/dl) 10.22£0.28 9.83+0.53 10.51£0.26 10.04 £ 0.52
IP (mg/dl) 6.79+057 6.07 £0.75 6.75 £ 0.632 5.63+0.310
PL (mg/dl) 164.00 + 30.50 176.00 £ 40.80 167.00 + 34.60 173.00 + 41.50
T-BIL (mg/dl) 0.17 £0.07 0.14+0.04 0.14+£0.05 0.1310.04
Na (mmoll) 150.00 £ 1.00 150.00 £ 1.00 150.00 £ 1.20 148.00 £ 0.60
K (mmol/l) 428+0.35 4.20+0.32 443 +£0.39 4.11+0.54
Cl (mmol/l) 109.00 £ 0.60 109.00 + 3.50 109.00 £ 1.50 109.00 £ 3.10

Each value represents as mean value (n = 3).

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; CREA
creatinine; GLU, glucose; T-CHO, total cholesterol; A/G, albumin/globulin; TP, total protein; ALB, albumin; CPK, creatine phospho-
kinase; TG, triglyceride; IP, inorganic phosphate; PL, Phospolidpid; T-BIL, total bilirubin.
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Fig. 2. The concentration profile of heparin derivatives in
the blood of treated monkeys. The anti-Xa activity of the
LMWH-DOCA conjugate was determined using a Factor Xa
(FXa) chromogenic assay as described elsewhere (Lee et

al.,
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