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Aim: To explore the potential mitochondrial toxicities and their severities of intravenously administered metacavir, a nucleoside analog,

in rhesus monkeys.

Methods: Totally 21 rhesus monkeys were randomly divided into 4 groups: metacavir 120 mg/kg group, metacavir 40 mg/kg group,
zidovudine(AZT) 50 mg/kg group, and blank control group. Animals were killed after the completion of dosing or further observed in
a 4-week recovery phase. Changes of structure of mitochondria in liver, kidney, skeletal muscles, and cardiac muscles were observed
under transmission electron microscope(TEM). Changes of the activities of mitochondrial respiratory chain complexes and mitochon-

drial DNA were also determined.

Results: In metacavir 120 mg/kg group, some mitochondrial injuries were found in skeletal muscle, cardiac muscle, and liver, including
that some cristae was broken and became sparse in density in the skeletal muscle, the morphology and size of mitochondria remained
unchanged. Metacavir decreased the activities of respiratory chain complexes | and Il and the mtDNA contents in three tissues in a
dose-dependent manner; however, the extent of such decrease was lower than that in AZT 50 mg/kg group. The mitochondrial injuries
in metacavir 40 mg/kg group were mild in each tissue and no obvious change in mitochondrial function was noted. On week 4 in the
recovery phase, results showed that all these injuries were reversible after drug withdrawal.

Conclusion: These results suggest that metacavir has not a high risk for potential mitochondrial-related effects in rhesus monkeys.
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Introduction

Nucleoside analogs have currently been the first-line drugs
for viral diseases such as HIV/AIDS, herpes, and viral hepa-
titis. Its action target is the reverse transcriptase of RNA
viruses or the DNA polymerase of DNA viruses™. By mim-
icking the structure of natural nucleoside, the nucleoside
analogs can competitively act in the active center of enzymes
and be embedded in the synthesizing virus DNA strand, and
thus terminate the extension of DNA strands and inhibit the
virus replication. However, because HBV DNA polymerase
is somehow similar with human DNA polymerase, these
nucleoside analogs may also have an affinity for the DNA
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polymerase in host cells, resulting in potential adverse effects
on the normal host tissue cells” ™. Data have shown that some
adverse effects, including myopathies (zidovudine), neuropa-
thies (stavudine, didanosine, and zalcitabine), fatty degenera-
tion of the liver and lactic acidosis (didanosine, stavudine,
and zidovudine), and, possibly, partial lipodystrophy (mainly
stavudine), can occur after the administration of nucleoside
analogs® >®. TImplicated in the production of the adverse
effects are interference with mitochondrial function based on
abnormal morphology of muscle mitochondria, depletion of
mitochondrial-encoded enzyme subunits and decreased mito-
chondrial gene number™ >, Nucleoside analogs associated
with mitochondrial injury include the HIV nucleotide reverse
transcriptase inhibitor (NRTI) zidovudine (AZT), which has
been associated with mitochondrial myopathy with histologi-
cal features of ragged-red fibers, and with mtDNA depletion
in HIV patients""™? and in rat skeletal muscle™, and the NRTI
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zalcitabine (ddC), didanosine (ddI) and stavudine (d4T)™¢,
A study of maternal-fetal exposure to AZT in patas monkeys
also showed evidence for mitochondrial dysfunction including
respiratory-chain defects and mtDNA reduction”),

Metacavir is a noval deoxyguanosine analog with a molecu-
lar formula of C;;H;sN;O,". Many preclinical studies have
shown that it has a potential to be developed as a new anti-
HBV drug: in vivo and in vitro efficacy studies showed that it
had good anti-HBV activity; monkey PK/PD results showed
that metacavir has a high concentration in liver (or, liver-
enriched); our previous 6-month toxicity study showed that
the main target organs of the toxic effects were gastrointestinal
tract, liver, blood, and kidneys and the no-observable-adverse-
effect-level (NOAEL) of metacavir in rhesus monkey was con-
sidered to be 50 mg-kg'-day”. To further explore the potential
mitochondrial toxicities of long-term administration of meta-
cavir (including the severity of toxicities and the reversibility
of injuries) and provide evidences for human clinical trials,
we observed the dosing results of intravenously administered
metacavir in rhesus monkeys, using AZT as the positive con-
trol.

Materials and methods

Drugs

Metacavir (lyophilized powder for injection, 50 mg per
vial) was provided by Nanjing Chang’ao Company (Lot No
20070412). This product is highly hydroscopic. It degrades
under acidic conditions but remains relatively stable
under weakly alkaline conditions. It should be stored at 4 °C
in dry place.

The positive control drug is zidovudine (AZT; molecular
formula C;,H;3NsO,; molecular weight 267.25; Lot No 0701002;
white powder; manufactured by Shanghai Modern Pharma-
ceutical Company).

Equipment

Beckman’s Synchron CX4 Pro clinical chemistry analyzer, Bio-
Rad enzyme immunoassay analyzer, Hitachi H-600IV electron
microscope, high speed refrigerated centrifuge (Backman,
USA), constant-current-constant-voltage electrophoresis sys-
tem (Bio-Rad, USA), iCycler real-time quantitative PCR detect-
ing system (Bio-Rad, USA), and GEL EQ imaging system (Bio-
Rad, USA) were used in this experiment.

Experimental animals and housing conditions

Totally 21 healthy rhesus moneys (3 to 5 years of age and with
body weights ranging from 3-5 kg at the start of dosing) were
obtained from the National (Sichuan) Experimental Rhesus
Monkey Resources Base (Certificate No 22). Animals were
quarantined and domesticated for 30 d before experiment.
Animal quarantine procedures included physical examina-
tions, Mycobacterium tuberculosis tests (twice), and tests for par-
asites, saimonella, shigella, and B virus. Only monkeys that
had passed the quarantine and met the national criteria were
used for this study. Monkeys were kept under controlled con-
ditions of temperature (20-28 °C) and humidity (40%-70%). A

twelve hour day and night cycle was maintained in the ani-
mal house. Approximately 200 g chow was supplied to each
animal (available ad libitum) on the morning, and an apple or
vegetable with equal nutrients were provided around 4 pm.

Experimental methods

Groups and dosages

Twenty-one rhesus monkeys were randomized into metacavir
120 mg/kg group (3 males and 3 females, iv), metacavir 40
mg/kg group (3 males and 3 females, iv), blank control group
(3 males and 3 females, intravenously administered with nor-
mal saline), and AZT 50 mg/kg group (2 males and 1 female,
po). In metacavir groups, the dosages of 120 mg/kg and 40
mg/kg were 72 and 45 times, respectively, of the recom-
mended clinical dosage for human; in AZT 50 mg/kg group,
the dosage was 2 times of the recommended clinical dosage
for human (all based on body surface area). Drugs/placebo
was given 6 times every week for consecutively three months.
In the metacavir groups and blank control group, 4 animals
(2 males and 2 females) were killed 3 months after the start of
dosing, and the remaining 2 animals in each group were used
for observation during the 4-week recovery phase. In AZT 50
mg/kg group, all animals were killed 3 months after the start
of dosing.

Laboratory study

The general conditions (eg changes in body weight and food
consumption), body temperature, ECG parameters, hemato-
logical and biochemical parameters, bone marrow, immuno-
toxicities, and histopathology were observed.

Specimen collection: Autopsy was performed after animals
were killed by exsanguination under phenobarbital anesthe-
sia. The fresh tissues/organs including liver, kidney, skeletal
muscle, and cardiac muscle were dissected quickly. Speci-
mens were packed and labeled with tinfoil paper and stored
at a liquid nitrogen container, and 24 h later transferred to a
-70 °C refrigerator. These specimens were used for extracting
mitochondria and determining the activities of respiratory
chain complexes and the mitochondrial DNA (mtDNA) con-
tents. Also, some tissues were fixed in 3% glutaraldehyde and
were used for the observation of mitochondrial morphology
and structure under electron microscope!"” ' "\

Observation of the ultramicro-structure of mitochondria
with transmission electron microscope (TEM): Fresh tissues
(including liver, kidney, skeletal muscle, and cardiac muscle)
were cut into 1 mm cubes, which were fixed in 3% glutaralde-
hyde for 2 h, and then fixed in 1% osmium tetroxide, stepwise
dehydrated in graded acetone, and infiltrated, embedded, and
polymerized in EPON 812. The semi-thin sections were opti-
cally positioned and further sectioned with ultramicrotome
into 50-60 nm pieces, which were collected on copper grids,
double-stained with uranyl acetate and lead citrate, and then
observed under Hitachi H-600IV transmission electron micro-
scope and photographed.

Determination of the activities of respiratory chain com-
plexes I-IV: We used animal tissue mitochondria isolation
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kit to isolate mitochondria, and used mitochondrial respira-
tory chain complex determination kit to evaluate the enzyme
activities of complexes I (NADH-CoQ reductase), II (sccinate-
CoQ reductase), III (CoQ-cytochrome C reductase), and IV
(cytochrome C oxidase)"” . Also, we used animal mito-
chondrial protein content determination kit to determine the
mitochondrial protein content in animal tissues. The activ-
ity was computed using the following formula: specimen
activity=micromole respiratory chain enzyme per minute per
milligram. Reagents included animal tissue mitochondria
isolation kit (Lot No 4-665612-12), animal tissue mitochon-
dria lysis kit (Lot No 1-2514-12), Genmed animal mitochon-
drial protein content determination kit (Lot No 6-361211-10),
and animal mitochondrial respiratory chain complexes I, II,
III, and IV activity quantitative determination kits (Lot No
1-350014-11, 1-250029-12, 1-423517-14, and 1-45017-10, respec-
tively). All these reagent kits were purchased from GenMed
Scientifics, Shanghai, China.

QPCR analysis of monkey mtDNA contents: using tissue
total DNA extraction kit to extract tissue total DNA, and using
QPCR technique to quantitatively determine mitochondrial
mtDNA (Cytochrome b gene) and nuclear nDNA (Actin
gene) in liver, kidney, skeletal muscle, and cardiac muscle.
Cytochrome b/actine ratio was used to evaluate the effects of
drugs/placebo on mitochondrial mtDNA contents and dam-
ages. SYBR Green RT-PCR technique was used during QPCR
determination, and the reagent used was SYBR® Premix Ex
Taq™ II (Perfect Real Time) qualification PCR reagent kit
[Takara Biotechnology (Dalian) Co Ltd].

Primer design was performed based on the monkey-derived
mitochondrial Cytochrome b gene and nuclear Actine gene
sequences in the GenBank gene database. According to the
related literature’”, the following primer sequences were
designed and synthesized by Takara Biotechnology (Dalian)
Co Ltd.

The upstream primer of Actin gene was: 5’-AGATCAT-
GTTTGAGACCTTCA-3" and the downstream primer was:
5-CGTAGCTCTTCTCCAGGGAGG-3'. The upstream primer

of cyt-b gene was: 5-CATGATACCAATACGCAAATC-3" and
the downstream primer was: 5-CGTGTGAGAGTGGGGCT-
GC-3'.

Taq enzyme, upstream primers, downstream primers, tem-
plate, and dH,O were mixed for QPCR; the total volume of the
reaction system was 25 pL. When making the standard curve,
we used the PCR products of these two genes, determined
their concentrations of nucleic acids, then made 1:10°-1:10"
dilution with dH,O for QPCR, and finally utilized the Ct value
in QPCR results to draw standard curve. Meanwhile, by ana-
lyzing the PCR products dissociation curves, we decided their
specific differences under QPCR. During the determination of
specimens, QPCR reaction system and conditions were consis-
tent with those during standard curve drawing. By analyzing
QPCR-derived Ct value and using the standard curve formula,
we calculated the DNA copies in the specimens. The final
result was the ratio between Cytochrome b gene mean copies
and Actin gene mean copies.

Statistical analysis
The measurement data including respiratory chain complex
enzyme activities and Ct values were expressed as mean+SD.
The statistical significance of intra-group difference was ana-
lyzed with ANOVA followed by Dunnett’s test.

The results of morphological anatomy and histopathology
were judged using qualitative indicators.

Results

Table 1 summarizes the results of the repeated dose toxicity
experiment of metacavir and AZT. Compared with the base-
line, the repeated dosing of metacavir mainly caused the fol-
lowing toxic effects: decrease in red blood cell count and hae-
moglobin (Hb), compensatory increase of bone marrow eryth-
rocyte series (accompanied by the increase of reticulocytes),
damaged hepatic functions (resulting in the decrease in total
protein, albumin, and glucose, positive urine occult blood,
and adipose degeneration of hepatocytes), and mild necrosis
and shedding of the epithelia of renal tubules. The main mito-

Table 1. Summary of the results of the repeated dose toxicity experiment of metacavir and zidovudine (AZT).

Animal (number) Treatment (duration)

Major treatment-related clinical observations

Monkey (rhesus,
6/group, iv)

Metacavir 40 mg/kg (90 d)
Metacavir 120 mg/kg (90 d)
75xdaily dose for human
(40 mg/d)

Hematological injuries included decreases in RBC count and hemoglobin level, compensative
increase in bone marrow erythrocytes (accompanied by the increase of reticulocytes), damaged
hepatic functions (resulting in the decrease of total protein, albumin, and glucose, positive
urine occult blood, and adipose degeneration of hepatocytes), stimulating effects on duodenal

and gastric mucosa, and mild necrosis and shedding of the epithelia of renal tubules. No renal
toxicity was noted 3 months after the start of dosing; however, mild necrosis and exfoliation of
renal tubular epithelia were found 6 months after the start of dosing. All these toxic reactions
returns to normal 8 weeks after drug withdrawal.

Monkey (rhesus,
3/group, po)

AZT 50 mg/kg (90 d)
2xhuman dose

The adverse reactions during dosing included: nausea, vomiting, and decrease of appetite;
remarked decrease in RBC count, haemoglobin concentration, total protein, albumin, and

albumin/globulin ratio; increase of total bilirubin and creatinine; and decrease of WBC and

granulocytes.
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chondrial toxicity is the severe diffuse adipose degeneration of
hepatocytes in the central zone of the hepatic lobule; however,
clinically no adverse reactions such as myopathy, neuropathy,
peripheral lipodystrophy, or pancreatitis were noted.

Ultramicro-structure of mitochondria with transmission electron
microscope (TEM)
Transmission electron microscopy (TEM) was performed
in the liver, kidney, skeletal muscle, and cardiac muscle 3
months after the initial dosing and during the recovery phase
to observe the changes of mitochondrial structure (Figure 1-4).
Among all the four killed animals (4/4) in the blank control
group, mitochondria was rich in kidney, skeletal muscle, and
cardiac muscle with clear bilayer structure, dense cristae, and
regular alignment; however, swollen mitochondria and mildly
dilated rough endoplasmic reticulum were found in hepato-
cytes, which might be relevant with experimental maneuvers.
Among all the killed animals (4/4) in the metacavir 120 mg/kg
group, no obvious mitochondrial injuries in cardiac muscle
or kidney were noted. The dosing-relevant broken cristae
and sparse cristae were found in skeletal muscle cells, while
their morphologies and sizes had no remarkable changes in
the metacavir 120 mg/kg group. Also certain mitochondrial
injuries were observed in hepatocytes, and chromatin con-
densation in nucleus was obvious. Results from the recovery
phase showed that all these injuries were reversible after drug
withdrawal. Compared with the blank control group, among

www.chinaphar.com
Zeng W et al

Figure 2. Micro-structure of mitochondria in kidney in rhesus monkeys 3
months after the initial dosing. (A) in blank control group (x12 000), mito-
chondria is rich in kidney with clear bylayer structure, dense cristae, and
regular alignment; no swollen mitochondria is found. (B) in AZT 50 mg/kg
group (x15000), compared with A, the mitochondrial cristae are partly
damaged, severely broken, or distorted; the mitochondria became mildly
swollen. (C) in metacavir 120 mg/kg group (x30000), three months
after the start of dosing, compared with A, the morphology and structure
is normal. (D) in metacavir 120 mg/kg group, during the recovery phase
(x12000), compared with A, the morphology and structure is normal.

Figure 1. Micro-structure of mitochondria in skeletal muscle in rhesus
monkeys. (A) in the blank control group (x20000), the mitochondria has
normal morphology and structure, and its cristae are tightly and evenly
distributed; (B) in AZT 50 mg/kg group (x12000), compared with A, the
mitochondrial cristae disappeared, became swollen, and formed vacuoles.
Some outer membrane disappeared, and the structure was severely
damaged; (C) in metacavir 120 mg/kg group (x17 000), 3 months after
the initial dosing, some mitochondrial cristae was broken, and the density
became sparse, while the morphology and size remained unchanged; (D)
in metacavir 120 mg/kg recovery phase (x20000), compared with A, the
morphology and structure was normal.

Figure 3. Micro-structure of mitochondria in cardiac muscle in rhesus
monkeys. (A) in blank control group (x17 000), mitochondria was rich in
cardiac muscle with clear bylayer structure, dense cristae, and regular
alignment; no swollen mitochondria was found. (B) in AZT 50 mg/kg group
(x17 000), compared with A, the mitochondrial cristae were remarkably
damaged and severely broken; the mitochondria became remarkably
swollen and distorted with severely damaged structure. (C) in metacavir
120 mg/kg group (x17 000), three months after dosing, compared with A,
the cristae density slightly became sparse, but without obvious changes
in morphology and size. (D) in metacavir 120 mg/kg recovery phase
(x15000), compared with A, the morphology and structure was normal.
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Figure 4. Micro-structure of mitochondria in liver in rhesus monkeys. (A) in blank control group (x12 000), chromatin was evenly distributed in the nu-
cleus of hepacytes, with clear nuclear membranes; swollen mitochondria can be seen inside cells; and rough endoplasmic reticulum was mildly dilated.
(B) in AZT 50 mg/kg group (x12000), compared with A, chromatin was slightly condensated with clear nuclear membranes; intracytoplasmic mitochon-
dria was swollen at varied extents; and the glycogen particles were rich. (C) in metacavir 120 mg/kg group (x12000), three months after the start of
dosing, in hepatytes, nuclear chromatin was slightly condensated with clear nuclear membranes; intracytoplasmic mitochondria was swollen; and some
glycogen particles disappeared. (D) in metacavir 120 mg/kg recovery phase (x12 000), compared with A, the morphology and structure was normal.

all the killed animals (4/4) in the metacavir 40 mg/kg group,
no obvious drug-related mitochondrial injuries in skeletal
muscle, cardiac muscle, kidney, or liver cells were noted.
Compared with the blank control group, among all the killed
animals (3/3) in AZT 50 mg/kg group, the mitochondria in
liver, kidney, skeletal muscle, and cardiac muscle experienced
relatively obvious injuries, although their severities varied.
The main findings included: the cristae were partly damaged,
severely broken, swollen or distorted; the chromatin conden-
sation in nucleus was obvious; in some skeletal muscle cells,
the mitochondrial cristae even disappeared or became swol-
len, forming vacuoles.

Activities of respiratory chain complexes I-1V

The activities of mitochondrial respiratory chain complexes I,
II, III, and IV after the dosing of metacavir or AZT were shown
in Table 2.

Compared with the blank control group, in the AZT 50
mg/kg group, the activities of mitochondrial respiratory chain
complexes I-IV in skeletal muscle and cardiac muscle were
significantly decreased by up to 50% after 3 months of oral
administration; the activities of respiratory chain complexes
I, III, and IV (but not II) in renal tissues were significantly
decreased; and the activities of respiratory chain complexes
I, II, and IIT (but not IV) in liver tissues were significantly
decreased.

In metacavir 120 mg/kg group, no remarkable effects on
the activities of mitochondrial respiratory chain complexes
in renal tissues were noted after 3 months of administration;
however, the activities of respiratory chain complexes I and
II (but not III and IV) in skeletal muscles and cardiac muscles
were significantly decreased; and the activity of respiratory
chain complex I (but not II, III, and IV) in liver tissues was
significantly decreased. The above results suggested that
metacavir 120 mg/kg did not cause mitochondrial injury in
renal tissues but might cause such injuries in skeletal muscle,
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cardiac muscle, and liver tissues, especially in skeletal muscle.
The enzyme activities increased 4 weeks after drug with-
drawal, indicating these injuries were reversible.

In metacavir 40 mg/kg group, no effect on the activity of
tissue enzymes was observed, especially no obvious effect on
some of the mtDNA-encoded Cytochrome ¢ oxidase subunits
was noted, indicating that no functional damage of mitochon-
dria was detected.

Effects on mtDNA contents

The effects of metacavir and AZT on mtDNA contents in car-
diac muscle, skeletal muscle, liver, and kidney are listed in
Table 3.

As shown by QPCR technique in the quantitative determi-
nation of mtDNA (Cytochrome b gene) and nuclear nDNA
(Actin gene), the cytochrome b/actin ratio varied among dif-
ferent rhesus monkeys.

After 3 months of experiment, compared with the blank con-
trol group, in AZT 50 mg/kg group, mtDNA content signifi-
cantly decreased in skeletal muscle, cardiac muscle, and liver
by 70% or higher (P<0.01) and also significantly decreased in
kidney (P<0.05), suggesting the decrease of mtDNA content
was correlated with the mitochondrial toxicities caused by oral
administration of AZT.

In the metacavir 40 mg/kg group, the mtDNA contents in
skeletal muscle, kidney, cardiac muscle, and liver were com-
parable with those in the blank control group (P>0.05). How-
ever, in the metacavir 120 mg/kg group, the mtDNA contents
significantly decreased in skeletal muscle (P<0.05), and liver
(P<0.05), and cardiac muscle (P<0.01); however, they were
all higher than those in AZT 50 mg/kg group. It is believed
such decrease was correlated with drug administration. In
the blank control group, the Cytochrome b/actin ratios were
15.21, 3.69, and 6.13 in kidneys of three monkeys, indicating
that Cytochrome b/actin ratio varied largely among rhesus
monkeys; meanwhile, in metacavir 120 mg/kg group, the
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Table 2. Effects of 3-month administration of metacavir and zidovudine (AZT) on the activities of mitochondrial respiratory chain complexes [-IV in
skeletal muscle, liver, kidney, and heart (mean+SD). "P<0.05, °P<0.01 vs control. °P<0.05, 'P<0.01 vs AZT 50 mg/kg group.

Mitochondrial

respiratory chain Groups Kidney Liver Heart Skeletal muscle
complexes
(umokmin™mg™)
| Control (n=4), iv 0.452+0.071 0.556+0.143 0.619+0.121 0.588+0.087
Metacavir 120 mg/kg (n=4), iv 0.419+0.02° 0.365+0.0332° 0.455+0.036" 0.273+0.037°
Metacavir 40 mg/kg (n=3), iv 0.446+0.018" 0.519+0.098° 0.557+0.122 0.569+0.146"
AZT 50 mg/kg (n=3), po 0.23040.031° 0.284+0.060° 0.458+0.058" 0.254+0.107°
Il Control (n=4), iv 0.065+0.026 0.049+0.009 0.125+0.018 0.098+0.010
Metacavir 120 mg/kg (n=4), iv 0.063+0.011 0.062+0.006" 0.094+0.013" 0.051+0.024"
Metacavir 40 mg/kg (n=3), iv 0.061+0.002 0.057+0.005" 0.126+0.021" 0.089+0.007"
AZT 50 mg/kg (n=3), po 0.045+0.001 0.03240.011° 0.062+0.015° 0.026+0.004°
1l Control (n=4), iv 0.054+0.013 0.066+0.013 0.058+0.003 0.048+0.010
Metacavir 120 mg/kg (n=4), iv 0.053+0.018" 0.049+0.010° 0.054+0.017°¢ 0.041+0.002°
Metacavir 40 mg/kg (n=3), iv 0.051+0.010" 0.049+0.007¢ 0.061+0.025° 0.053+0.016°
AZT 50 mg/kg (n=3), po 0.017+0.001° 0.029+0.005° 0.023+0.002° 0.018+0.004°
\% Control (n=4), iv 1.545+0.125 1.006+0.137 1.573+0.220 0.748+0.222
Metacavir 120 mg/kg (n=4), iv 1.551+0.295° 0.746+0.140 1.420+0.327" 0.666+0.171
Metacavir 40 mg/kg (n=3), iv 1.325+0.524 0.859+0.134 1.478+0.205" 0.732+0.123
AZT 50 mg/kg (n=3), po 0.959+0.255" 0.781+0.366 0.540+0.322° 0.440+0.201°

Note: n: animal number.

Table 3. Effects of metacavir and zidovudine (AZT) on mtDNA contents in cardiac muscle, skeletal muscle, liver, and kidney 3 month after initial dosing.

°P<0.05, °P<0.01 vs control.

mtDNA (relative cytochrome b/actin ratio)

Kidney Liver Cardiac muscle Skeletal muscle
Blank control group (n=3, iv) 8.34+6.07 9.14+2.25 29.00+6.48 13.66+16.64
Metacavir 120 mg/kg group (n=4, iv) 2.51+1.23" 3.63+3.94° 3.32+1.93° 2.39+2.26"
Metacavir 40 mg/kg group (n=4, iv) 5.14+2.71 8.99+4.66 35.09+27.35 6.75+3.50
AZT 50mg/kg (n=3, po) 1.20+0.90° 0.96+0.38° 1.22+0.88° 0.97+0.73°

Note: n, animal number.

Cytochrome b/actin ratios slightly decreased in 2 animals
and remained normal in 2 animals, indicating that metacavir
120 mg/kg had a weak effect on mtDNA in renal tissues. On
week 4 in the recovery phase, the mtDNA contents in all tis-
sues in the metacavir 120 mg/kg group showed rising trends.

Discussion

The mitochondrial toxicity of nucleoside analogs has increas-
ingly become a research hotpot. In recent years, in vitro mod-
els including HepG2, GEM, and other cell strains were used
for evaluating the effects of nucleoside analogs on the struc-
ture, function, and gene contents of mitochondria®*”, while
in vivo studies often used woodchucks as the animal models.
Few reports have used rhesus monkeys as the experimental

models. However, woodchucks can carry plague and there-
fore are difficult to be imported into China. As a result, our
study used rhesus monkeys as the sensitive animals, with an
attempt to establish rhesus monkey model for mitochondrial
toxicity evaluation™ >,

Mitochondrial toxicities are relatively tissue-specific and
drug-specific. The influences of mtDNA damage on tissues
depend on the reliance of different tissues on ATP. Organs
with larger ATP demands tend to experience cellular changes
or death when the ATP level is below certain threshold. Stud-
ies showed that, compared with mitochondrial function tests
such as respiratory chain enzyme activity or lactate, mtDNA
damage analysis can provide more prompt and more sensitive
parameters for toxicity evaluation™*’.. Nucleoside analogs
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may cause mitochondrial damage through interfering with
mtDNA replication or through inhibiting synthesis of essential

[26]

mitochondrial proteins'®. Nucleoside analogs can inhibit the

mitochondrial-specific DNA polymerase!””

and can incorpo-
rate into replicating DNA to cause chain termination. Some
animal- or HIV patients-based studies found that, when the
mtDNA contents were decreased by 70% or higher, clinical
symptoms of mitochondrial toxicities includeing myopathies,
neuropathies, and partial lipodystrophy occurred™® !, Based
on the above literatures, we designed the test to evaluate the
Mitochondrial toxicity of Metacavir in Rhesus Monkeys after
Three Months of Intravenous Administration.

In our study, QPCR showed that the normal values of
mtDNA fluctuated widely among different animals, which
was comparable with the results observed by Biesecher G et al
in 2003, 1t is important to design experiments with larger
sample size to interpret the results more accurately. Com-
pared with skeletal muscle, kidney, and liver, the cardiac mus-
cle has the highest cytochrome b/actin ratio, which is consis-

[17,19]

tent with literatures Mitochondrial dysfunction has been

2! and in

most clearly associated with AZT" in both humans
primates!"”, which is consistent with our results in this study.

In this report, we found that the hematological and biochem-
ical parameters in the metacavir and AZT group significantly
changed, and suggested that metacavir and AZT caused the
toxic reactions. Meanwhile, electron microscopy of the mito-
chondria in different tissues showed that: structural changes
and injuries at different extents occurred in the cells of cardiac
muscle, skeletal muscle, kidney, and liver. For the activities
of respiratory chain complexes I-1V, all results suggested that
AZT 50 mg/kg caused severe mitochondrial injuries in liver,
kidney, skeletal muscle, and cardiac muscle, especially in skel-
etal muscle and cardiac muscle, which is consistent with the
TEM findings and many clinical reports on the mitochondrial
myopathy caused by AZT. However, in metacavir 120 mg/kg
group, the severities of these injuries were less than those
caused by AZT 50 mg/kg, which was consistent with the TEM
findings and with the fact that mitochondrial toxicities are
relatively tissue-specific and drug-specific.

In AZT 50 mg/kg group, the mtDNA contents were signifi-
cantly decreased by 70% or higher in skeletal muscle, cardiac
muscle, and liver (P<0.01); the mtDNA content in kidney
also significantly decreased (P<0.05). However, in the meta-
cavir 120 mg/kg group, the mtDNA contents significantly
decreased, but they were all higher than those in AZT 50
mg/kg group. Mitochondrial injury sufficient to cause injury
to cells and clinical toxicity could require mtDNA reduction
greater than 70%, based on both in animal studies and HIV
patients™ " 23 These results suggested that AZT 50 mg/kg
caused the decrease of mtDNA content, and the toxicity of
metacavir is slight.

In metacavir 40 mg/kg group, after 3 months of dosing, the
clinical toxic symptom only included slight fatty liver, and no
other toxic injury was found. All the results indicating that
doses below 40 mg/kg was safe. The above results also sug-
gest that more attention should be paid on fatty degeneration
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of hepacytes and myopathies in the clinical trial phase.

On week 4 in the recovery phase, results showed that all
these injuries were reversible after drug withdrawal, which
showed that the drug should be given periodic. These results
also suggest that metacavir has not a high risk for potential
mitochondrial-related effects in humans.

In this experiment, it is a weakness that we did not probe
into the effect of metacavir on mitochondrial DNA poly-
merase, which is the action target of metacavir. In future
studies, the mechanism of the mitochondrial toxicity of meta-
cavir should be further explored.

In conclusion, the mitochondrial toxicity of metacavir was
mild in each tissue, and on week 4 in the recovery phase,
results showed that all these injuries were reversible after drug
withdrawal. These results suggest that metacavir has not a
high risk for potential mitochondrial-related effects in rhesus
monkeys and humans.
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