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1.0 INTRODUCTION 

The work scope of this contract involves the performance of studies in rats and dogs on 
the pharmacokinetic and pharmacodynamic properties of drugs under cHnical development by 
the U.S. Army Medical Research and Development Command. The pharmacokinetic aspect of 
these studies involves an investigation of the absorption, disposition, metabolism 
(biotransformation), and elimination of test compounds in experimental animals. The 
pharmacodynamic aspect involves relating certain measured parameters, for example, the 
production of methemoglobin, to blood and plasma levels of the test compound and/or its 
metabolites, or assessing toxicological parameters such as adverse clinical signs and mortality 
that occur after administration of a test compound. The information derived from these studies is 
intended to provide a data base for establishing an appropriate species and appropriate doses for 
subsequent subchronic and chronic toxicity studies, to predict for possible organ toxicities which 
might occur, and to generate data required by the Food and Drag Administration prior to 
submission of a Notice of Claimed Investigational Exemption for a New Drag (IND) and New 
Drag Applications, Human Use (NDA). 

During the past year of the contract, a study was conducted to investigate the 
pharmacodynamic effects of artelinate and artesunate, as assessed by signs of clinical and 
pathological toxicity, following daily intravenous administration to rats for 1 or 7 consecutive 
days. 



2.0 RESEARCH ACCOMPLISHMENTS FOR EACH TASK ORDER 

2.1 Task Order SROl-1: Dose-Range Finding Study of Injectable Artelinate and 
Artesunate in Rats 

2.1.1 Background and Objectives 

Early in this century, with the discovery of quinine, malaria appeared to be one of the few 
diseases for which a specific cure existed. As a result, however, of the development of 
insecticide resistance by the Anopheles mosquito and the development by this parasite of 
resistance to chloroquine and mefloquine, malaria remains a major health problem in many areas 
of the world/'^ Qinghaosu (QHS), also known as artemisinin, was initially isolated and 
characterized by the Chinese and found to be an effective antimalarial agent/^^ This compound 
is a sesquiterpene lactone with an endo-peroxide bridge. The methyl ether (artemether) of 
reduced QHS, dihydroqinghaosu (DQHS), and the succinate hemiester of DQHS, artesunic acid, 
are also effective in the treatment of severe cases of multi-drug resistant malaria.^^^ In addition, 
artelinic acid, a semisynthetic water-soluble derivative of QHS, has been reported to be effective 
against chloroquine-resistant P. falciparum and to be superior to QHS against P. berghei.^'*^ 

Artemisinin derivatives differ from quinine/quinidine, the traditional treatments of severe 
malaria, in that they kill parasites much more rapidly. In that most mortality from severe malaria 
occurs in the first 24-48 hours, this class of compounds should theoretically reduce the mortality 
rate. The results of several large well-controlled studies, however, do not support this. It has 
been proposed that the lack of improvement may be due to slow and/or poor absorption 
following intramuscular administration of these oil soluble derivatives. Artesunate suppositories 
are being developed for initiation of treatment of critically ill patients where medical facilities 
are not available; however, bioavailability and variability of absorption is also an issue with 
suppositories. 

An intravenous (iv) formulation ensures 100% bioavailability with immediate peak 
concentrations. Intravenous artesunate (AS) is currently available in China; however, only 
artelinate (AL) appears to have sufficient stability in solution to allow the drug to be available in 
a "ready-to-use" injection vial. The currently marketed AS formulation is a freeze-dried 
preparation, which requires mixing with a sodium bicarbonate solution at the bedside and then 
dilution with dextrose in water.^^^ An artelinate/lysine formulation has recently been developed 
and is being evaluated for suitability as an iv injectable solution. 

The objective of the task order was to conduct a dose-range finding evaluation of the 
pharmacodynamic effects of AL and AS, as assessed by signs of clinical and pathological 
toxicity, following iv administration of either compound to rats for 7 consecutive days. During 
the initial phase of this task order, an estimate of the single dose acute toxicity (LD50) of iv 
administered AL or AS was obtained. This information was used to determine doses of AL or 
AS to be given during a subsequent 7 day range finding toxicity study involving the 
administration of AL, AS, or arteether (AE), as the positive control agent. 



2.1.2 Materials and Methods 

2.1.2.1 Test System 

Male and female Sprague-Dawley rats were purchased from Charles River Laboratories, Inc. 
(Raleigh, NC; Area R05) and were received in 3 separate shipments for use in the different 
phases of the study. All rats in each shipment were 6-8 weeks old when they arrived at Southern 
Research Institute (Southern Research). Individual animal identification was by ear punch. 

Upon arrival, the rats were placed in quarantine. The animals were examined for general health 
within 3 days of receipt. There were no significant findings indicative of poor health, and the 
animals were released for study. Each rat was allowed access to feed (Certified Rodent Diet 
#5002; PMI Feeds, Inc.; St. Louis, MO) and tap water (Birmingham public water supply) ad 
libitum during the quarantine and study periods. During both the quarantine and study periods, 
the rats were individually housed in solid-bottom polycarbonate shoebox cages supported on 
stainless steel racks in an animal room that was maintained at a temperature of 71.2-75.7 °F and a 
relative humidity of 49.0-80.0%. Excursions outside the desired relative humidity range 
(50±20%) that occurred were brief and did not affect the outcome of the study. Hardwood chip 
bedding (P.J. Murphy Forest Products, Inc.; Montville, NJ) was used in the cages for excrement 
absorption. Room lights were controlled by an automatic timer set to provide 12 hours of light 
(0600 to 1800 hours, CST) and 12 hours of dark per day. Cage size and animal care conformed 
to the Guidelines for the Care and Use of Laboratory Animals, 7th edition^^^ and the U.S. 
Department of Agriculture through the Animal Welfare Act (Public Law 99-198). 

2.1.2.2 Test Articles 

Test Articles: One bottle containing 30 grams of artelinic acid/lysine salt (AL/lysine; WR 
255663; Bottle No. BP21847; manufacturer's code 2117-308) was suppUed by Walter Reed 
Army Institute of Research (WRAIR; Washington, DC). The bulk quantity of AL/lysine was 
stored frozen (-20 °C) from the time of receipt until the time of use and was assumed to be stable 
when so stored. 

One bottle containing 200 grams of artesunic acid (artesunate; AS; WR 256283; Bottle No. 
BP18288; Lot No. 1 03) was suppUed by WRAIR. The bulk quantity of AS was stored frozen (- 
20 °C) from the time of receipt until the time of use and was assumed to be stable when so 
stored. 

One bottie containing 3 grams of arteether (AE; WR 255131; manufacturer's code FJl 8-97-3) 
was supplied by WRAIR. The bulk quantity of AE was stored refrigerated from the time of 
receipt until the time of use and was assumed to be stable when so stored. 

Dose Formulation Preparation: AL/lysine: The AL/lysine salt prepared by WRAIR was used 
for preparation of all dose formulations of AL; the preformulated AL/lysine salt contained 1 
gram of artelinic acid per 1.35 g of salt. 

Dose formulations of AL/lysine containing 4, 8, 16, 32, or 64 mg/mL of AL were prepared 
for use during the LD50 phase of the study. For this, stock solutions containing either 16 or 



64 mg/mL of AL were prepared by dissolving a calculated quantity of AL/lysine salt in 
0.9%NaCl/0.3% purified L-lysine. The 64 mg/mL AL/lysine solution was diluted to 32 
mg/mL using 1 volume of 0.9% NaCl/0.3% purified L-lysine. The 16 mg/mL AL/lysine 
solution was diluted to 4, 8, or 16 mg/mL of AL using the appropriate volume of 0.9% 
saline/0.3% purified L-lysine. 

Dose formulations containing 0.75, 1.5, 3, or 6 mg/mL of AL were prepared for use during 
the range-finding phase (Phases 2 and 3) of the study. These formulations were prepared 
by dissolving individual weighed quantities of AL/lysine salt in 0.9% NaCl/0.3% purified 
L-lysine. 

The AL vehicle control dose formulations (0 mg/mL AL) contained 1.15% L-lysine 
monohydrochloride in 0.9% saUne. 

Each AL/lysine and corresponding vehicle control dose formulation was filtered through a 
0.2 micron cellulose acetate filter immediately after preparation. The formulations were 
stored refrigerated during the period of use (<7 days). AL has been shown to be chemically 
stable in AL/lysine solutions prepared in 0.9% NACl/0.3% purified lysine for at least 8 
days when maintained refrigerated.^^^ 

Artesunate: Dose formulations containing 10, 20, 40, or 80 mg/mL of AS were prepared 
for use during the LD50 phase of the study. For this, a stock formulation containing 133 
mg/mL of AS was prepared in 5% sodium bicarbonate. This stock solution was diluted with 
sterile water to yield a formulation containing 80 mg/mL of AS and also diluted with 0.9 % 
sterile saline to yield formulations containing 10, 20, or 40 mg/mL of AS. 

Dose formulations containing 1.9, 3.75, 7.5, orl5 mg/mL of AS were prepared for use 
during the range-finding phase (Phases 2 and 3). For this, stock formulations containing 
120 mg/mL of AS were prepared in 5 % sodium bicarbonate. The stock solutions were 
diluted, as appropriate, with 0.9 % sterile saline, to yield formulations containing 1.9, 3.75, 
7.5, 15, or 30 mg/mL of AS. 

The AS vehicle control dose formulation (0 mg/mL of AS) consisted of a solution of 5% 
sodium bicarbonate in sterile water. 

Each AS and corresponding vehicle control dose formulation was filtered through a 0.2 
micron cellulose acetate filter immediately after preparation. The formulations were 
maintained at room temperature and used within 2 hours of preparation. Batty and 
coworkers have shown that AS is stable for at least 4 hours in bicarbonate/saline solutions 
maintained at 23°C.^^^ 

Arteether: The dose formulation of arteether was prepared in sesame oil to contain AE at a 
concentration of 50 mg/mL. For preparation, a weighed quantity of AE was added to an 
appropriate volume of sesame oil and the mixtiire was sonicated and stirred until 
dissolution of the AE occurred. The AE dose formulation was stored at room temperature. 



Previous investigations have shown that AE is stable in sesame oil for at least 1 year when 
stored at room temperature/^^ 

Dose Formulation/Homogeneity Analysis: Each AL/lysine dose formulation prepared during 
Phases 1, 2, or 3 was analyzed by HPLC at the time of preparation for chemical concentration 
and homogeneity. In addition, each AL/lysine formulation prepared in Phase 2 was analyzed by 
HPLC at the end of the dosing period for chemical concentration. 

Dose formulations of AS prepared for use during Phase 1 were analyzed by HPLC for chemical 
concentration and homogeneity immediately after preparation. During Phase 2, dose 
formulations of AS prepared for use on Days 1, 3, and 7 of the 7-day dosing period were 
analyzed for chemical concentration and homogeneity. During Phase 3, dose formulations of AS 
prepared on Days 1 and 7 were analyzed. 

2.1.2.3 Experimental Design 

Group Assignment 

For each study phase, the male and female rats were randomly assigned to dose groups using an 
Artemis® (Liverpool, Great Britain) computer-generated randomization procedure. For each 
randomization, the rats were weighed during Week -1, and the mean body weight by sex was 
used to determine the acceptable weight range. Rats closest to the mean weight by sex were 
selected for study. Dose group assignments by phase are presented in the tables that follow. 



LDso (Phase 1) 

Group 
ID Formulation 

Nominal Dose 

Level 
(mg/kg) 

Concentration 
(mg/mL) 

Number of Rats 

Males Females 

1 AL Vehicle Control 0 0 

AL/Lysine 80 16 

AL/Lysine 40 

AL/Lysine 20 

AS Vehicle Control 2 

y Artesunate 400 80 

Artesunate 200 40 

Artesunate 100 20 

Artesunate 50 10 

10 AL/Lysine 320 64 

11 AL/Lysine 160 32 

Range-Finding (Phase 2) 

Group 
ID Formulation 

Nominal Dose Number of Rats        ] 
Level 

(mg/kg/day) 
Concentration 

(mg/mL) Males Females 

1 AL Vehicle Control 0 0 3 3 

2 AL/Lysine 37.5 6 3 3 

3 AL/Lysine 18.8 3 3 3 

4 AL/Lysine 9.4 1.5 3 3 

5 AL/Lysine 4.7 0.75 3 3 

6 AS Vehicle Control 0 0 3 3 

7 Artesunate 75 15 3 3 

8 Artesunate 37.5 7.5 3 3 

9 Artesunate 18.8 3.75 3 3 

10 Artesunate 9.4 1.9 3 3 

11 Arteether 25 50 3 3 

Range-Finding (Phase 3) 

Group 
ID Formulation 

Nominal Dose Number of Rats         || 
Level 

(mg/kg/day) 
Concentration 

(mg/mL) Males Females 
12 AL Vehicle Control 0 0 3 3 

13 AL/Lysine 80 16 3 3 

14 AS Vehicle Control 0 0 3 3 

15 Artesunate 150 30 3 3 
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Dose Procedure 

For the LD50 phase of the study, rats in Groups 1-9 were dosed on their respective Day 1. As no 
mortality occurred for rats in the highest AL dose group (Group 2; 80 mg/kg AL/lysine) on or 
before Day 5 of the study, rats in Groups 10 (160 mg/kg AL/lysine) and 11 (320 mg/kg 
AL/lysine) were subsequently dosed on their respective Day 1. Each rat received a single iv 
injection of the designated dose of AL or AS (or the respective vehicle control), as indicated in 
the preceding tables, via a tail vein; the dose volume administered was 5 mL/kg. 

For the dose range-finding phases (Phases 2 and 3), each rat in Groups 1-10 and 14-15 received 
single daily iv doses, administered via a tail vein, of AL/lysine, AS, or the appropriate vehicle 
formulation, as indicated in the preceding tables, once daily for 7 consecutive days; rats in Group 
11 received single daily im doses of AE, administered into the left or right hind leg, once daily 
for 7 consecutive days. Rats in Groups 12 and 13 were scheduled to receive single daily iv 
doses, administered via a tail vein, of AL/lysine or the appropriate vehicle formulation once daily 
for 7 consecutive days; however, due to necrotic tails, dosing of the rats in Groups 12 and 13 was 
discontinued after Day 5. 

For Phase 2, the dose volume of AL/lysine or the appropriate vehicle formulation administered 
to rats in Groups 1-5 was 6.25 mL/kg. The dose volume of AS or the appropriate vehicle 
formulation administered to rats in Groups 6-10 was 5 mL/kg, and the dose volume of AE 
administered to rats in Group 11 was 0.5 mL/kg. For Phase 3, the dose volume administered to 
rats in Groups 12-15 was 5 mL/kg. 

All doses in all three phases were administered using 3-cc plastic syringes (Becton-Dickinson 
and Co.; Franklin Lakes, NJ) fitted with 23.5-gauge needles (Sherwood Medical; St. Louis, MO). 

Body Weights 

For the LD50 phase, individual body weights for each rat were obtained during Week -1 (for 
randomization), on Day 1 (prior to dosing), and on Day 8. For the dose range-finding phases 
(Phases 2 and 3), individual body weights for each surviving rat were obtained during Week -1 
(for randomization), on Days 1-7 prior to dosing, on Day 15, and prior to sacrifice/necropsy on 
Day 8 (Phase 3, Groups 12 and 13 only) or Day 23. 

Clinical Observations 

For all phases of the study, the rats were observed once daily during quarantine and twice daily 
during the study for signs of mortality or moribundity. During the LD50 phase, the rats were 
observed twice daily, morning and afternoon, at least 4 hours apart on Days 1-7, and once on 
Day 8 prior to sacrifice. These evaluations included an assessment for abnormal posture, 
activity, level of arousal, and breathing; the site of injection was monitored closely for irritation 
and/or swelling. 

During the dose range-finding phases (Phases 2 and 3), each surviving rat was observed twice 
daily on Days 1-7, at approximately 1 and 5 hours postdose; twice daily on Days 8-14, morning 
and afternoon, approximately 4 hours apart; once daily on Days 15-22; and prior to necropsy on 
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Day 23 for detailed signs of toxicity; the site of injection was monitored closely for irritation 
and/or swelling or other adverse reactions. 

Clinical Pathology 

Clinical pathology was not evaluated during the LD50 phase. On Day 8 (Phase 3, Groups 12 and 
13 only) or Day 15 of the dose range-finding phases (Phase 2 and 3), prior to scheduled 
necropsy, each rat was anesthetized with CO2/O2, and blood samples were obtained from the 
retro-orbital sinus of each rat into tubes containing EDTA (hematology samples) or no 
anticoagulant (clinical chemistry samples). Blood samples were used for the following 
determinations: 

Hematology 
WBC Total leukocj^e count lOVmm^ 
RBC Erythrocyte count lOVmm^ 
HGB Hemoglobin g/dL 
HCT Hematocrit % 
MCV Mean corpuscular volume fL 
MCH Mean corpuscular hemoglobin Pg 
MCHC Mean corpuscular hemoglobin concentration g/dL 
PLT Platelet count lO'/mm' 
RETIC Reticulocyte count lOVmm^ 

Differential leukocyte counts (automated) 10^/mm^ 

Clinical Chemistry 
BUN Blood urea nitrogen mg/dL 
Crea Creatinine 

BUN/Crea ratio 
mg/dL 

ALT Serum alanine aminotransferase U/L 
AST Serum aspartate aminotransferase U/L 
ALP Alkaline phosphatase U/L 
Glue Glucose mg/dL 
TP Total protein g/dL 
Alb Albumin g/dL 
Glob Globulin g/dL 
A/G Albumin/globulin ratio 
Na Sodium mEq/L 
K Potassium mEq/L 
Cl Chloride mEq/L 

Animal Disposition/Necropsy 

For the LD50 phase, surviving rats were sacrificed on Day 8 by CO2/O2 asphyxiation. Carcasses 
were discarded without evaluation. 

For the dose range-finding phases (Phases 2 and 3), with the exception of rats in Groups 12 and 
13, all rats in all dose groups were anesthetized on Day 23 with ketamine/xylazine (75 mg/kg/10 
mg/kg, administered ip), and sacrificed by exsanguination/perfiision.   Because iv dosing was 
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discontinued early for rats in AL dose groups 12 and 13 due to necrotic tails, rats in these two 
groups were anesthetized and sacrificed on Day 8, as directed by the Contracting Officer's 
Representative (COR), following the same procedures. To achieve the perflision, once each rat 
was anesthetized, the thorax and pericardium were opened to expose the heart, a needle 
connected to perfusate was placed in the left ventricle, and the right atrium was opened to effect 
exsanguination euthanasia. Each rat was perfused with a chilled 0.9% sodium chloride solution 
containing 1 unit of heparin per mL, for approximately 2 minutes; the heparinized saline 
perfusion was followed by perfiision with 500-700 mL of Bouin's solution. The brain of each rat 
was maintained in situ for 30-120 minutes prior to dissection. The following tissues were 
examined at necropsy: 

Adrenals (2) Marrow (femur) 
Bone Ovaries (2) 
Cecum Pancreas 
Colon Pituitary 
Duodenum Prostate 
Epididymis Salivary gland 
Esophagus Sciatic nerve 
Eyes (2) Seminal vesicle 
Fallopian tube Skin 
Gross lesions Skeletal muscle 
Injection site (tail) Spleen 
Heart Stomach 
Ileum Testes (2) 
Jejunum Thyroid/parathyroid (2) 
Kidneys (2) Thymus 
Liver Tongue 
Lungs and bronchi Urinary bladder 
Lymph nodes (mesenteric) Uterus (corpus and cervix) 
Mammary gland (females only) Vagina 

The protocol specified that nonbrain tissues were to be saved and fixed only if gross examination 
revealed abnormalities. For Phase 2 of the study, no gross abnormalities were seen, so no tissues 
other than brain were retained. For Phase 3 of the study, animals in Group 15 had gross 
abnormalities of the tail at the injection site, so that tissue was retained and saved in Bouin's 
fixative. 

The brain was removed 90-120 minutes after perfiision and immersed in fi-esh Bouin's fixative 
overnight. After 24 hours, the brain was dissected as follows: 

• A transverse cut was made at the spino-meduUary junction, caudal to the dorsal 
column nuclei. 

• A second transverse cut was made immediately caudal to the inferior coUiculi. 
• The cerebellum remained attached to this hindbrain block. 
• The midbrain and forebrain blocks were stored in 70 % ethanol and then forwarded to 

the Sponsor for study. 
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Histopathology 

The hindbrain, cerebellum, and other sections of the brain were processed as follows: 

Clearing of picric acid (from Bouin's solution): Brains were immersed in 70% 
ethanol, and the ethanol was changed every 24 hours, until the brains were no longer 
colored with picric acid. 

Dehydration, clearing, and embedding: Each brain was dehydrated in ascending 
grades of ethyl alcohol and then cleared with xylene. Subsequently, the tissues were 
embedded in paraffin. Only one brain section was embedded per paraffin block. 

Microtomy: Serial transverse sections were cut through the hindbrain at lO-^im 
increments. The sections were mounted on slides according to the following scheme: 
Sections #0 and 1 were mounted on first glass slide for hematoxylin and eosin (H&E) 
staining. Sections #2 and 3 were mounted on another glass slide for K-B staining. 
Sections #5 and 6 were mounted on another glass slide for staining with the Nissl method 
(cresyl violett). Sections #20 and 21 were mounted for H&E staining. Sections #22 and 
23 were mounted on another microslide for K-B. Sections #24 and 25 were mounted for 
Nissl (cresyl violett) staining. Thereafter, every 20*-25'^ section was mounted in this 
same sequence until the entire hindbrain/cerebellum block had been processed. The 
remaining serial sections that were cut were retained. 

Sections were examined microscopically a board certified pathologist. For the brain tissues, 
lesions were graded for severity on a five-point scale with 0 as normal and 4 as the most severe. 
The study pathologist established criteria for each of these grades, and the severity criteria 
related to the number or percentage of neurons involved. The nuclear groups studied included 
the vestibular [n. vestibularis medialis; n. vestibularis descendens (spinal)], the reticular 
formation (n. gigantocellularis; n. pontis centralis caudalis; n. pontis centralis oralis), and the 
auditory system (n. trapezoidalis; n. olivaris superior). For the nonbrain tissues, a four-step 
grading system of trace, mild, moderate, or severe was used, when appropriate, to rank the 
severity of microscopic findings for comparison among groups 

Statistical Analyses 

No statistical analyses were performed on data generated during the LD50 phase. For the dose 
range-finding phases (Phases 2 and 3), the group mean and standard deviation was calculated for 
each dose-sex group for body weights and the hematology and clinical chemistry parameters; 
these data were also subjected to statistical analysis by ANOVA, followed by Dunnett's test. In 
all cases, the lower hmit for statistical significance was defined as p<0.05. 
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2.1.3   Results 

2.1.3.1 Results: LD50 Phase 

Mortality 

A summary of the mortality observed during the LD50 phase is presented in Table 1. Two of two 
female rats in the 160 mg/kg AL/lysine dose group and 2/2 male and 2/2 female rats in the 320 
mg/kg AL/lysine dose group died on Day 1 within 30 minutes after dosing. 

Two of two male and 2/2 female rats in the 400 mg/kg AS dose group were found dead on Day 
2. 

Clinical Observations 

Individual clinical observations recorded during the LD50 phase of the study are presented in 
Table 2. Prostration and/or hypoactivity were observed after dosing on Day 1 for 2/2 males in 
the 160 mg/kg AL dose group; these clinical signs were transient and were not observed at the 
second scheduled daily observation period which occurred approximately 4 hours after dosing. 
Other adverse clinical signs of toxicity noted for rats given AL were related to abnormalities in 
the tail of the animals. Black or dark discoloration of the tail was observed on Days 2-8 for 1/2 
males and 2/2 females in the 80 mg/kg AL dose group and for 2/2 males in the 160 mg/kg AL 
dose group; in addition, partial loss of the tail occurred on Day 5 for one of the female rats in the 
80 mg/kg AL dose group. Necrosis of the tail was also noted on Days 5-8 for 2/2 male rats in the 
160 mg/kg AL dose group. 

For rats given AS, the only adverse clinical sign noted was ataxia within the first 30 minutes 
after dosing on Day 1 for 1/2 males and 2/2 females in the 400 mg/kg AS dose group; the ataxia 
was transient and was not observed at the second scheduled daily clinical observation period 
which was conducted approximately 4 hours later. 

Body Weights 

Body weights for individual rats, along with group means and standard deviations, recorded 
during the LD50 phase of the study are presented in Table 3. A reduction in mean body weight 
gain, compared to the corresponding vehicle control rats, was observed for male and female rats 
in the 80 mg/kg AL dose group between Days 1 and 8. Body weight loss (5% of mean value) 
was observed between Day 1 and 8 for male rats in the 160 mg/kg AL dose groups; female rats 
in the 160 mg/kg AL dose groups and male and female rats in the 320 mg/kg AL dose group died 
prior to Day 8. 

The mean body weight gain between Days 1 and 8 of male and female rats given 50,100, or 200 
mg/kg of AS was similar to that of animals in the corresponding vehicle control group; the male 
and female rats given 400 mg/kg of AS died prior to the scheduled body weight measurements 
on Day 8. 
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2.1.3.2 Results: Dose Range-Finding Phase (Phases 2 and 3) 

Mortality 

A summary of the mortality that occurred during Phases 2 and 3 is presented in Table 4. No 
mortahty was observed for male and female rats given iv doses of AL of 4.7, 9.4, 18.8, or 37.5 
mg/kg/day for 7 consecutive days or 80 mg/kg/day for <4 days. 

No mortality was observed for male and female rats given iv doses of AS of 9.4, 18.8, 37.5, or 
75 mg/kg/day for 7 consecutive days or for male rats given 150 mg/kg/day for 7 consecutive 
days; 1/3 female rats given 150 mg/kg/day of AS was found dead on Day 6. 

No mortality was observed for male or female rats given an im dose of AE of 25 mg/kg/day for 7 
consecutive days. 

Note: After the completion of the histopathological evaluations of the Phase 3 animals had been 
completed, it was discovered that, during Phase 3, not all rats in the 80 mg/kg/day AL dose 
group had received an iv dose for 4 days, as previously reported. It was found that all 3 male and 
all 3 female rats in the 80 mg/kg/day AL dose group were successfiiUy dosed iv on Days 1 and 2. 
But it appeared from the raw data that on Days 3, 4, and 5, the 3 male and 2 of the 3 female rats 
were dosed into the tail but not the tail vein; after the first day of dosing, the tails of the rats 
given AL became swollen and subsequently turned black making it difficult to see the tail veins. 
One of the three female rats was successfiilly dosed iv on Days 1, 2, 4, and 5 but not on Day 3. 
The COR was contacted as soon as this error was discovered. 

Clinical Observations 

Clinical observations noted during Phases 2 and 3 are summarized in Table 5. No adverse 
clinical signs were observed for male or female rats given iv doses of 0, 4.7, 9.4, or 18.8 
mg/kg/day of AL for 7 consecutive days. Adverse clinical signs observed for rats given 37.5 
mg/kg/day of AL were limited to abnormalities of the tail and included swelling of the tail in one 
or more male or female rats on multiple days between Days 2 and 13; in addition, a sore or ulcer 
was observed on the tail of 1/3 male and 1/3 female rats between Days 8-12 or Days 5-16, 
respectively. For rats given 80 mg/kg/day of AL for <4 days, hunched posture was noted for 3/3 
males and 3/3 females on one or more days between Days 4 and 8; one of three female rats in 
this dose group also appeared emaciated on Day 8. Other adverse clinical signs observed for rats 
given 80 mg/kg/day of AL were restricted to the tail and included: black or dark tail in 3/3 male 
(Days 3-4) and 1/3 or 2/3 female (Day 1 or Day 2) rats, and tail swelling and necrosis in 3/3 
males (Day 5) and 1 or 2/3 females (Days 4 and/or 5 and Day 8). Due to the development of a 
dark colored or swollen tail, by Day 5 it had become virtually impossible to see a vein in the tail 
of all animals in the 80 mg/kg/day AL dose group and dosing was discontinued after this day for 
animals in this dose group and the corresponding vehicle control group. 

No adverse clinical signs were observed for male and female rats given iv doses of 0, 9.4, 18.8, 
or 37.5 mg/kg/day of AS for 7 consecutive days. One of three male rats in the 75 mg/kg/day AS 
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dose group displayed a swollen tail on Days 9-12. No adverse clinical signs were observed for 
male rats given 150 mg/kg/day of AS for 7 consecutive days. The female rat in the 150 
mg/kg/day AS dose group that was found dead on Day 6 displayed diarrhea, a nasal discharge, 
and hunched posture for 1 or 2 days preceding death. The other two female rats in the 150 
mg/kg/day AS dose group displayed diarrhea, emaciation, a nasal discharge, hunched posture, 
and wet/skin fur in the abdominal/vulvular region on 2 or more days between Days 3 and 8; in 
addition, a sore/ulcer was noted on the tail of each of these two rats on Days 17 and 18. 

No adverse clinical signs were observed on any day during the study for male or female rats 
given an im dose of 25 mg/kg/day of AE for 7 consecutive days. 

Body Weights 

Group mean body weights for animals dosed during Phases 2 and 3 are summarized in Table 6. 
Male and female rats given 4.7, 9.4, 18.8, or 37.5 mg/kg/day of AL daily for 7 consecutive days 
gained weight throughout the study and their rate of weight gain was similar to that observed for 
rats in the corresponding vehicle control group. Body weight loss was observed on multiple days 
between Day 1 and Day 8 for male and female rats given 80 mg/kg/day of AL for <4 days. The 
greatest decrease in body weight was observed on Day 5 for male rats and on Day 6 for female 
rats where the mean body weights of the animals were 87.9% and 82.8%, respectively, of the 
corresponding Day 1 mean body weight. 

Male and female rats given 9.4, 18.8, or 37.5 mg/kg/day of AS, daily for 7 consecutive days, 
gained comparable amounts of body weight during the study to the male and female rats in the 
corresponding vehicle control groups. Decreased body weight gain, compared to the 
corresponding vehicle control rats, and/or body weight loss was observed during the dosing 
period for male and female rats in the 75 and 150 mg/kg/day AS dose groups. The greatest body 
weight loss was observed on Day 5 for the female rats in the 150 mg/kg/day AS dose group, 
where the mean body weight of the animals was 89.4%) of Day 1. 

Male and female rats given 25 mg/kg/day of AE, daily for 7 consecutive days, gained weight 
throughout the study and their rate of body weight gain was comparable to that of the animals the 
AL and AS vehicle control groups dosed during Phase 2. 

Hematology 

Group mean hematology values are summarized in Table 7. Group mean values were compared 
to the corresponding group mean vehicle control values; group mean values for rats in the 
arteether dose group were compared to the AS vehicle control group as there was no comparable 
vehicle control group. Individual values from rats in all AL, AS, and AE dose groups were also 
compared to the range of values that was observed for rats in all the vehicle control groups as no 
appreciable differences in clinical pathology parameters were observed between the different 
vehicle control groups. Statistical significance was considered; however, the small group size 
limited the value of these findings. Differences in group means were considered biologically 
relevant if they were greater than those differences expected to be due to analytical or 
interindividual variability. 
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Artelinate 
Group mean WBC counts that were observed on Day 8 for male and female rats in the 80 
mg/kg/day AL dose group were mildly increased with values that were 2.0- and 2.1-fold 
greater than the values observed for rats in the vehicle control group. Mild (2.0- to 3.9- 
fold) to moderate (4.0- to 5.9-fold) increases in the group mean neutrophil counts were 
observed for male and female rats in the 80 mg/kg/day AL dose group on Day 15 with 
values that were 3.8- and 5.1-fold, respectively, greater than the values observed for rats in 
the corresponding vehicle control group. Increased group mean monocyte counts were also 
observed for male and female rats in the 80 mg/kg/day AL dose group with values that were 
2.3- and 4.7-fold greater than the values observed for rats in the corresponding vehicle 
control group. Minimal increases in lymphocyte counts were also observed for male and 
female rats in the 80 mg/kg/day AL dose group with values that were 1.6- and 1.7-fold 
greater than the values observed for rats in the vehicle control groups. 

The group mean RBC, HGB, and HCT values that were observed for male and female rats 
in the 80 mg/kg/day AL dose group on Day 8 were decreased; group mean RBC values 
were 84% and 79%, respectively, of the values observed for rats in the corresponding 
vehicle control group. 

A trend for minimal increases (1.5- to 1.9- fold greater than vehicle control values) in the 
group mean reticulocyte percent or counts was observed for male and female rats in the 9.4, 
18.8, and 37.7 mg/kg/day AL dose groups on Day 15 and for male rats in the 80 mg/kg/day 
AL dose group on Day 8. For both male and female rats, at least 2/3 rats in each of these 
dose groups were observed to have reticulocyte count or percent values that were greater 
than the maximal values observed for rats in all vehicle control groups. While the 
predominance of individual rats with reticulocyte values outside the range of values 
observed for vehicle control rats was consistent with a drug-related response, the lack of 
appreciable changes in erythrocyte parameters suggested that the change was of limited 
toxicological relevance. 

Clinical observations of tail swelling and tail necrosis that were noted for rats in the 80 
mg/kg/day AL dose group were consistent with findings of leukocytosis, neutrophilia, and 
monocytosis. While decreases in RBC, HGB, and HCT values may occur secondarily to 
weight loss or decreased weight gain in rats, the combination of decreased erythrocyte 
values and the presence of mild to moderate increases in group mean reticulocyte values in 
male rats and both increased and decreased reticulocyte values in female rats were more 
consistent with a drug-related effect on hematopoiesis. 

Artesunate 
No biologically relevant differences in the group mean WBC counts were observed for rats 
in the AS dose groups; however, an increased individual WBC count (greater than the 
maximum value observed for rats in all vehicle control groups) was observed in 1/2 female 
rats in the 150 mg/kg/day AS dose group on Day 15. Increased group mean neutrophil 
counts were observed for female rats in the 75 and 150 mg/kg/day AS dose groups on Day 
15, with values that were 2.1- and 3.8-fold greater than the values observed for rats in the 
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vehicle control group. Monocyte counts were increased in 1/2 male rats in the 150 
mg/kg/day AS dose group. 

A decreased group mean RBC value was also observed for female rats in the 150 
mg/kg/day AS dose group with a value that was 79% of the value observed for rats in the 
vehicle control group. The group mean MCV value that was observed for female rats in the 
150 mg/kg/day AS dose group was increased, with a value that was 108% of the value 
observed for rats in the vehicle control group. 

Administration of 150 mg/kg/day of AS for 7 consecutive days was associated with mild 
(2.0- to 3.9-fold) to moderate (4.0- to 5.9-fold) increases in group mean reticulocyte percent 
and counts on Day 15 in female rats, with values that were 4.2- and 3.4-fold greater than the 
values observed for rats in the corresponding vehicle control group. Minimal increases 
(1.8- and 1.6-fold greater than vehicle control values) in group mean reticulocyte percent or 
counts that were observed for male rats in the 18.8 mg/kg/day AS dose group were 
considered to be not clearly compound related or not of toxicological relevance due to the 
lack of a dose-relationship, the minimal magnitude of the change, and the lack of changes 
in RBC, HGB, and HCT. 

Clinical observations of tail swelling and tail necrosis that were noted for rats in the 150 
mg/kg/day AS dose group were consistent with findings of neutrophilia and monocytosis. 
While decreases in RBC, HGB, and HCT values may occur secondarily to weight loss or 
decreased weight gain in rats, the combination of decreased erythrocyte values, increased 
MCV, and the presence of mild to moderate increases in group mean reticulocyte values in 
female rats in the 150 mg/kg/day AS dose group were consistent with a drug-related effect 
on hematopoiesis. 

Arteether 
Hematology changes associated with im administration of 25 mg/kg/day of AE for 7 
consecutive days were limited to minimal increases in group mean reticulocyte percents and 
counts observed in male rats on Day 15, with values that were 1.9- and 1.8-fold greater than 
the values observed for rats in the corresponding vehicle control group. All rats in this dose 
group were observed to have individual reticulocyte percents and counts that were greater 
than the maximum value that was observed for rats in the vehicle control group. Female 
rats in the 25 mg/kg/day AE dose group were also observed to have slight increases in 
group mean reticulocyte percent and coimt; however, the differences were not considered 
biologically relevant due to the minimal magnitude of the responses. 

Clinical Chemistry 
Group mean clinical chemistry values are summarized in Table 8. Group mean values were 
compared to the corresponding group mean vehicle control values; group mean values for 
rats in the arteether dose group were compared to the AS vehicle control group as there was 
no comparable vehicle control group. Individual values from rats in all AL, AS, and AE 
dose groups were also compared to the range of values that was observed for rats in all the 
vehicle control groups as no appreciable differences in clinical pathology parameters were 
observed between the different vehicle  control  groups.  Statistical  significance was 
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considered; however, the small group size limited the value of these findings. Differences 
in group means were considered biologically relevant if they were greater than those 
differences expected to be due to analytical or interindividual variability. 

Artelinate 
The group mean total protein value observed on Day 8 for female rats in the 80 mg/kg/day 
AL dose group was decreased, with a value that was 93% of the value observed for rats in 
the vehicle control group. Three of three rats in this 80 mg/kg/day dose group were 
observed to have total protein values that were less than the range of values observed for 
rats in all of the control groups. The group mean albumin values observed on Day 8 for 
male and female rats in the 80 mg/kg/day AL dose group were decreased, with values that 
were 77% and 74%, respectively, of the values observed for rats in the corresponding 
vehicle control groups. All rats in this dose group were observed to have albumin values 
that were less than the minimum value observed for rats from all of the vehicle control 
groups. Increases in the group mean globulin value were observed for male and female rats 
in the 80 mg/kg/day AL dose group on Day 8 with values that were 1.4- and 1.3-fold, 
respectively, greater than the values observed for rats in the vehicle control group. 
Decreases in the group mean A/G ratios were also observed for male and female rats in the 
80 mg/kg/day AL dose group on Day 8 with values that were 58% and 57%, respectively, 
of the value observed for rats in the vehicle control group. 

The pattern of decreases in albumin and A/G ratios and increases in globulin values was 
consistent with changes associated with inflammation and was consistent with clinical 
observations of tail swelling and necrosis that were noted for rats in the 80 mg/kg/day AL 
dose group. The decreases in group mean total protein, albumin, and A/G ratios and 
increases in group mean globulin values were considered to be biologically relevant and 
drug related as the pattern was consistently observed for rats in the 80 mg/kg/day dose 
group. 

The group mean BUN and creatinine values observed for female rats in the 80 mg/kg/day 
AL dose group on Day 8 were increased, with values that were 140% and 138%, 
respectively, of the values observed for rats in the vehicle control group. On review of 
individual data, 1/3 and 2/3 of the rats in this dose group were observed to have BUN or 
creatinine values, respectively, that were greater than the maximum values observed for rats 
in all vehicle control groups. 

Other statistically significant findings including; increases in group mean glucose (female, 
4.7 mg/kg/day of AL, Day 15) and chloride (female, 4.7 or 18.8 mg/kg/day of AL, Day 15) 
and decreases in ALT (9.4 mg/kg/day of AL, Day 15), were not considered to be 
biologically relevant or drug related due to the minimal magnitude of the responses, the 
lack of a dose-relationship, and the presence of data for individual animals that were 
generally comparable to data for the vehicle control animals. 

Artesunate 
The group mean albumin value observed for female rats in the 150 mg/kg/day AS dose 
group on Day 15 was decreased with a value that was 76% of the value observed for rats in 
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the corresponding vehicle control group. All female rats in this dose group were observed 
to have albumin values that were less than the minimum value observed for rats from all of 
the vehicle control groups. Increases in the group mean globulin values were observed for 
female rats in the same dose group, with a group mean globulin value that was 1.6-fold 
greater than the value observed for rats in the vehicle control group. A decrease in the 
group mean A/G ratio was also observed for female rats in the 150 mg/kg/day AS dose 
group on Day 15, with a value that was 49% of the value that was observed for rats in the 
corresponding vehicle control group. 

The pattern of decreases in albumin and A/G ratios and increases in globulin values that 
were observed for female rats in the 150 mg/kg/day AS dose group was consistent with 
changes associated with inflammation. The decreases in group mean total protein, albumin, 
and A/G ratios and increases in group mean globulin values were considered to be drug 
related and consistent with clinical observations of tail sores/ulcers and diarrhea. 

Arteether 
No clinical chemistry changes were associated with im administration of 25 mg/kg/day of 
AE to rats for 7 consecutive days. 

Macroscopic and Microscopic Pathology 
There were no macroscopic or microscopic lesions in the hindbrain of rats that were related to 
treatment with AL at doses up to 80 mg/kg/day or to treatment with AS at doses up to 150 
mg/kg/day. The hindbrain of all animals in the AL or AS dose groups that were examined was 
within normal limits. 

For animals in the 25 mg/kg/day AE dose group, no lesions were noted in the hindbrains of male 
rats but lesions were observed in 1/3 female rats. The degenerative lesions that were noted in the 
female rats consisted of neuronal degeneration of 2 to 4 cells per section in the trapezoid nucleus. 

2.1.4 Discussion 

The results of this study indicated that one of the significant clinical signs of toxicity produced 
by iv administered AL was a black and/or dark discoloration of the tail, which in some instances 
was accompanied by necrosis. In that the iv doses were administered into a tail vein, the 
occurrence of tail discoloration/necrosis indicated that AL had a direct adverse effect on the vein 
and/or the surrounding tissue into which the dose was administered. Tail discoloration/necrosis 
was observed for rats given either single or multiple doses of AL. The occurrence of tail vein 
necrosis appeared to be dose dependent, suggesting that the venotoxicity produced by AL may 
have been a function of the concentration of AL in the dose formulation. Adverse effects on the 
tail vein/tail tissue were not observed for rats given single or multiple iv doses of AS. 

Although the rats in the 80 mg/kg/day AL dose group received only 4 or less iv doses (instead of 
the protocol-specified 7 daily doses), clinical pathological changes were observed on Day 8 for 
rats in this dose group. These changes, which were considered to be of possible toxicological 
significance, included increases in group mean WBC values, reticulocyte percents or counts, 
neutrophil counts, lymphocyte counts, monocyte counts, platelet counts, and globulin values, and 
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decreases in RBC, HGB, and HCT, total protein, albumin, and A/G ratio values. The increases in 
RBC, HGB, and HCT values, in combination with the presence of mild to moderate increases in 
reticulocyte values, suggested that AL may have effected hematopoiesis. The decreases in 
albumin and A/G ratios and increases in globulin values, as well the observed leukocytosis, 
neutrophilia, and monocytosis, were consistent with changes associated with inflammation and 
correlated with the tail swelling and tail necrosis observed for rats in the 80 mg/kg/day AL dose 
group. Clinical pathological changes observed on Day 15 for female rats given 150 mg/kg/day 
of AS for 7 consecutive days were also consistent with an effect of AS on hematopoiesis. In 
contrast, a possible hematopoietic effect was not observed following 7-day im administration of 
AE to rats. 

A major focus of this study was to investigate the occurrence of histopathological lesions in the 
brains of rats given iv doses of AL or AS. Previous investigations have shown that AE produced 
dose-dependent brainstem neurotoxicity in rats and monkeys, which was characterized by lesions 
in brainstem nuclei in the reticular formation, the vestibular system, and the auditory 
system.^"'^^^ In the current study, no evidence was obtained for the presence of histopathological 
lesions in the brains of rats given up to 150 mg/kg/day of AS for 7 consecutive days. In addition, 
no evidence was obtained for the occurrence of histopathological lesions in the hindbrains of rats 
given <37.5 mg/kg/day of AL for 7 consecutive days; due to the problematic dosing, no 
conclusions could be made regarding the possible neuropathy produced by multiple dose 
administration of higher doses of AL. 

A decision regarding whether additional attempts will be made on this study to dose rats iv with 
AL is pending the outcome of a decision-making meeting to be held at WRAIR in early October, 
2002. 

3.0 KEY RESEARCH ACCOMPLISHMENTS 

Key research accomplishments during the past year of the contract included: 

• Determination that the maximum tolerated dose of AL in rats given a single iv dose, 
formulated as lysine salt, was 80 mg/kg. 

• Determination that the maximum tolerated dose of AS in rats given a single iv dose was 200 
mg/kg. 

• Determination that for rats given multiple iv doses of AL, the maximum tolerated dose was 
>37.5 mg/kg/day of AL, when given daily for 7 consecutive days (total dose: >262.5 mg/kg) 

• Determination that for rats given multiple iv doses of AS, the maximum tolerated dose was 
>75 mg/kg/day of AS, when given daily for 7 days (total dose: >525 mg/kg). 
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Determination that iv injection of AL, but not AS, into the tail vein of rats produced an 
apparent venotoxicity characterized by black or dark discoloration, swelling, and/or necrosis 
of the tail. 

Determination that clinical pathological changes observed for rats given a daily dose of 80 
mg/kg/day of AL for <4 days and for rats given a daily iv dose of 150 mg/kg/day of AS for 7 
consecutive days, but not for rats given a daily im dose of 25 mg/kg/day of AE for 7 days, 
were consistent with compound-related effects on hematopoiesis. 

Confirmation that histopathological lesions were produced in the brainstem of rats given a 
daily im dose of 25 mg/kg/day of AE for 7 consecutive days. 

Determination that no histopathological lesions were produced in the brainstem of rats given 
a daily iv dose of AL of <37.5 mg/kg/day for 7 consecutive days. 

Determination that no histopatholical lesions were produced in the brainstem of rats given a 
daily iv dose of AS of <150 mg/kg/day for 7 consecutive days. 

4.0 REPORTABLE OUTCOMES 

To date, there have been no reportable outcomes for work completed during the past year of the 
contract. 

5.0 CONCLUSIONS 

For rats given single iv doses, mortahty was observed at AL doses of > 160 mg/kg and at an AS 
dose of 400 mg/kg. Thus, the maximum tolerated dose of AL for rats given a single iv dose was 
80 mg/kg and the maximum tolerated dose of AS for rats given a single iv dose was 200 mg/kg. 

Following 7 consecutive days of iv dose administration, no mortality was observed for male and 
female rats given <37.5 mg/kg/day of AL (total dose: <262.5 mg/kg) or <75 mg/kg/day of AS 
(total dose: <525 mg/kg). Due to the difficulty encountered during the iv administration of AL, 
no conclusions could be drawn relative to the lethality produced by higher multiple iv doses of 
AL. 

The results of this study indicated that one of the significant clinical signs of toxicity produced 
by iv administered AL was a black and/or dark discoloration of the tail, which in some instances 
was accompanied by necrosis. In that the iv doses were administered into a tail vein, the 
occurrence of tail discoloration/necrosis indicated that AL had a direct adverse effect on the vein 
and/or the surrounding tissue into which the dose was administered. Tail discoloration/necrosis 
was observed for rats given either single or multiple doses of AL. The occurrence of tail vein 
necrosis appeared to be dose dependent, suggesting that the venotoxicity produced by AL may 
have been a fiinction of the concentration of AL in the individual dose formulations that were 
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administered. Adverse effects on the tail vein/tail tissue were not observed for rats given single 
or multiple iv doses of AS. 

Additional clinical signs of toxicity observed for rats given multiple doses of AL, and also for 
rats given multiple doses of AS or AE, included clinical pathological changes. Although rats in 
the 80 mg/kg/day AL dose group received only <4 iv doses of AL, clinical pathological changes 
were noted animals in this dose group. The changes that were observed on Day 8 for rats in this 
dose group and which were considered to be of possible toxicological significance included 
increases in group mean WBC values, reticulocyte percents or counts, neutrophil counts, 
lymphocyte counts, monocyte counts, platelet counts, and globulin values, and decreases in 
RBC, HGB, and HCT, total protein, albumin, and A/G ratio values. The increases in RBC, HGB, 
and HCT values, in combination with the presence of mild to moderate increases in reticulocyte 
values, suggested that AL may have effected hematopoiesis. The decreases in albumin and A/G 
ratios and increases in globuUn values, as well the observed leukocytosis, neutrophilia, and 
monocytosis, were consistent with changes associated with inflammation and correlated with the 
tail swelling and tail necrosis observed for rats in the 80 mg/kg/day AL dose group. Clinical 
pathological changes observed on Day 15 for female rats given 150 mg/kg/day of AS for 7 
consecutive days were also consistent with an effect of AS on hematopoiesis. In contrast, a 
possible hematopoietic effect was not observed following 7-day im administration of AE to rats; 
clinical pathological changes observed for rats in the AE dose group were limited to minimal 
increases in group mean reticulocyte percents and counts. 

No evidence was obtained for the presence of histopathological lesions in the hindbrains of rats 
given doses of <150 mg/kg/day of AS for 7 consecutive days. In addition, no evidence was 
obtained for the occurrence of histopathological lesions in the hindbrains of rats given <37.5 
mg/kg/day of AL for 7 consecutive days; due to the problematic dosing, no conclusions could be 
made regarding the possible neuropathy produced by multiple dose administration of higher 
doses of AL. Histopathological lesions were observed, however, for rats given daily im doses of 
25 mg/kg/day of AE for 7 consecutive days. 
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