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FOREWORD 


Infection with human immunodeficiency virus (HTV) causes immunosuppression and leads to 
acquired immunodeficiency syndrome (AIDS) with a broad spectrum of opportunistic 
infections. Prophylaxis and treatment of AIDS are generally combination therapies of 
anti retrovi ral agents with antimicrobial drugs specific for the opportunistic infections. The 
National Institute of Environmental Health Sciences (NIEHS), under the AIDS research 
program, is evaluating AIDS therapeutics for reproductive, developmental, and general toxicity 
in rodents. These evaluations may include single therapeutic agents or combination therapies 
when the toxic potential of these agents in animal models is not available or is incomplete. 
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ABSTRACT
 

3'-Azido-3'-deoxythymidine (AZT) 
and Rifabutin Combinations 

Individual toxicity profiles of AZT and rifabutin in animal models are available. AIDS patients, including 

pregnant women, may receive combination therapy with these compounds and the toxic potential of AZT and 

rifabutin combinations in animal models is not known. The purpose of this study was to obtain information on 

reproductive, developmental and general toxicity of AZT (200 and 400 mg/kg) and rifabutin (80, 320, or 

640 mg/kg) combinations in Swiss (CD-1®) mice treated by oral gavage. The doses of AZT were equivalent 

to 2 and 4 times and the doses of rifabutin were 2, 8, and 16 times the human therapeutic dose, respectively 

(based on body surface area). Male mice (10 or 15 per group) were dosed from study day 5 until the day prior 

to sacrifice on study day 24, 25, or 26. Females were divided into two groups designated female-A mice and 
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female-B mice. The female-A mice (20 per group) were dosed from day 0 to sacrifice for approximately 

30 days. They were cohabited with treated males on days 9 through 13 to test for effects on mating behavior, 

fertilization, and implantation, and caesarean sections were performed on days 28 through 32. The females 

designated as female-B mice (20 per group) were cohabited with untreated males on days 0 through 4. Sperm­

positive female-B mice were dosed during organogenesis on days 6 through 15 of presumed gestation and 

sacrificed on day 4 of lactation. 

Summarized in Table 1 are the significant effects of treatment with AZT and/or rifabutin. Administration of 

AZT alone resulted in hematopoietic toxicity manifested by mild anemia, leukopenia, and thrombocytosis in 

male and female mice. In male mice, hematopoietic cell proliferation of the spleen accompanied the anemia. 

Administration of rifabutin alone resulted in toxicity in the liver and in the hematopoietic and gastrointestinal 

systems. The mild anemia evident in male mice treated with rifabutin alone was accompanied by hematopoietic 

cell proliferation of the spleen and myeloid hyperplasia of bone marrow. A neutrophilic leukocytosis occurred 

in both males and females. Hepatotoxicity in male and female-A mice was manifested by cytoplasmic alteration 

and a mixed inflammatory cell infiltrate in the liver. Livers of female-B mice were not examined. The 

microscopic liver lesions in male and female-A mice were accompanied by elevated liver weights and elevated 

alanine aminotransferase (ALT), aspartate aminotransferase (AST), and bile acid concentrations. Lesions in 

the gastrointestinal system consisted of cystic degeneration and inflammation in the glandular stomach of male 

and female-A mice and epithelial hyperplasia of the forestomach in female-A mice. Mixed inflammatory cell 

infiltrates were occasionally evident in the lungs of males, and thymic atrophy also occurred in female-A mice 

treated with rifabutin alone. 

Administration of AZT in combination with rifabutin resulted in severe hematotoxicity in male and female-A 

mice, ap.d the severity of the anemia was far greater than that induced by AZT alone. The anemia caused 

significant mortality in female-A mice treated for approximately 30 days. The anemia in males was 

accompanied microscopically by cellular depletion of bone marrow and atrophy of the red pulp of the spleen. 

Thrombocytosis also occurred in male and female-A mice. A leukopenia with a corresponding decrease in 

neutrophil counts was evident in both males and in female-A groups in which mortality occurred. Combination 

therapy also exacerbated the hepatotoxicity induced by rij'abutin alone. Mixed cell infiltration and cytoplasmic 

alteration in the liver of male and female-A mice were accompanied by centrilobular atrophy, which may have 

been secondary to the severe anemia. Increased ALT activities and elevated bile acid concentrations and liver 

weights accompanied the microscopic manifestations of liver toxicity. AZT at 400 mg/kg and rifabutin at 
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640 mg/kg when administered in combination appear to have increased the plasma levels of both compounds 

as compared to administration of either compound alone. 

Degenerative and inflammatory lesions in the stomach of mice treated with the drug combinations were similar 

to those induced by rifabutin alone. Other lesions encountered consisted of thymic atrophy and atrophy of 

lymphoid tissue in the spleen and lymph nodes. Mixed inflammatory cell infiltrates in the lungs evident in the 

males were similar to the lung lesions in mice treated with rifabutin alone and were associated with a 

reddish-brown pigment that may have represented rifabutin or a metabolite. Mice treated with the drug 

combinations had significant decreases in body weight. Pallor was commonly observed in female-A mice that 

died with severe anemia. Other clinical manifestations of toxicity observed in female-A mice that received 

combination therapy and died consisted of piloerection, decreased motor activity, coldness to the touch, and 

labored breathing. Many mice treated with rifabutin alone or in combination with AZT developed a transient 

swelling of the face and had red-colored urine. 

Diminished pregnancy rates and diminished mean fetal weight per litter occurred subsequent to treatment with 

AZT alone and rifabutin alone. Treatment with AZT alone also resulted in an increased number of resorptions 

and diminished live litter size. Treatment with the combinations resulted in marked decreases in pregnancy 

rates, live litter size, and mean fetal body weight per litter and an increased number of resorptions. AZT and 

rifabutin combinations also caused decreases in the number of litters delivered, cumulative survival per litter, 

and pup weight per litter. Gross external alterations were not evident in the offspring ofmice treated with AZT 

alone, rifabutin alone, or combinations of AZT and rifabutin. 

In conclusion, AZT alone caused mild hematopoietic toxicity as indicated by anemia. Rifabutin alone caused 

mild hematopoietic toxicity, mild liver toxicity, and degenerative and inflammatory lesions in the stomach. 

Administration of AZT in combination with rifabutin increased the hematopoietic toxicity and anemia caused 

by either compound alone, contributing to significant mortality of female mice treated for approximately 

30 days. AZT increased the hepatic toxicity caused by rifabutin but did not alter the gastric lesions caused by 

rifabutin. There appears to be an interaction between AZT at 400 mg/kg and rifabutin at 640 mg/kg when 

administered in combination, causing increases in plasma concentrations of both compounds. AZT alone and 

rifabutin alone caused reproductive and developmental effects and combination therapy increased these effects. 

However, when administered alone or in combination, the two compounds did not cause gross external 

alterations in pups. These results indicate that combination therapy has the potential to markedly increase the 

general toxicity, especially hematopoietic toxicity. 
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TABLE 1 
Summary of Significant Treatment-Related Toxicological Parameters in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin in Swiss (CD-l ®) Mice 

Treatment Regimen Male Mice Female-A Mice Female-B Mice 

Body Weights 

AZTalone No body weIght change SlIght decreases III body No body weIght change 
weIghts, body weIght gams, 
and graVId utenne weIghts 

RIfabutIll alone No body weIght change SlIght decrease m body weIght No body weIght change 
gam III 640 mg/kg group 

AZT + nfabutm SIgmficant decrease m body Marked decreases III body Sl1ght decrease III gestatIOnal 
weIght gam m 400 + weIghts, body weIght gams, body weights 
640 mg/kg group and gravId uterIlle weIghts 

Clinical Pathology 

AZT alone SlIght decrease m RBC count MIld anerma Mtld thrombocytosIS 
Mild neutropema MIld neutropema 
Mild lymphopema Mild thrombocytosIS 
Mlld thrombocytOSIS 

RIfabutIn alone Shght decrease III RBC count Mlld neutrophIlIa Increase III retlculocyte count 
Increase In retlculocyte count MIld lymphocytOSIS MIld thrombocytOSIS 
ThrombocytoSIS SlIght mcrease In ALT and 
MIld neutrophll1a AST activitles and bile aCId 
SlIght Increase In ALT concentratIon 
aCtIVIty 

AZT + nfabutln Severe anerma Severe anerma Shght decrease ill RBC 
ThrombocytosIS Decrease In retIculocyte count count 
SlIght decrease m Mdd thrombocytosIs MIld thrombocytosIS 
neutrophtl count SlIght decrease In neutrophIl SlIght mcrease m 
Mlld lymphopema count neutrophIl count 
SlIght mcrease mALT Increase In ALT aCtIVIty SlIght mcrease m 
and SDH actIvItIes and and btle aCId concentratIon lymphocyte count 
bIle aCId concentratIon 

Mortality 

AZT alone Treatment-related mortahty Treatment-related mortahty Treatment-related mortahty 
not observed not observed not observed 

RIfabunn alone Treatment-related mortalIty Treatment-related monaiity Treatment-related monaiity 
not observed not observed not observed 

AZT + nfabutIn Treatment-related monaiity Treatment-related monailty Treatment-related monailty 
not observed correspondmg With higher not observed 

dose levels 

Histopathology 

AZT alone LIver hepatocellular Liver hepatocellular No sIgnIficant alteratIons 
cytoplasrmc alteratIon cytoplasrmc alteratlon 
(shght) (slIght) 
Spleen hematopOietIC cell 
prolIferatIon (slIght) 



TABLE 1
 

Summary of Significant Treatment-Related Toxicological Parameters in the Reproductive, Developmental,
 
and General Toxicity Study of AZT and Rifabutin in Swiss (CD-1®) Mice 

Treatment Regimen Male Mice Female-A Mice Female-B Mice 

Histopathology (continued) 
Rifabutm alone 

Liver: hepatocellular Liver: hepatocellular No significant alterations 
cytoplasmic alteration (slight), cytoplasmic alteration (slight), 
mixed cell infiltration mixed cell infiltration 
Glandular stomach: cystic Glandular stomach: 
degeneration, inflammation cystic degeneration, 
Spleen: hematopoietic cell inflammation 
proliferation (slight) Forestomach: epithelial 
Bone marrow: mveloid hyperplasia 
hyperplasia Thymus: atrophy (slight) 
Lung: mixed cell infiltration 

 AZT + rifabutin Liver: hepatocellular Liver: hepatocellular No significant alterations 
cytoplasmic alteration cytoplasmic alteration 
(prominent), mixed cell (prominent), mixed cell 
infiltration, centnlobular infiltration, centnlobular 
atrophy atrophy, centnlobular necrosis 
Forestomach: epithelial Forestomach: epithelial 
hyperplasia, ulceration, hyperplasia, ulceration, 
inflammation inflammation 
Glandular stomach: cystic Glandular stomach: cystic 
degeneration, chronic degeneration, inflammation 
active inflammation Thymus: atrophy 
Bone marrow: cellular 
depletion 
Spleen: red pulp atrophy, 
lymphoid follicle atrophy 
Lung: mixed cell 
infiltration 
Thymus: atrophy 

Reproductive/Developmental 
Fetuses Pups 

AZ T alone Decreases in pregnancy rate, No adverse effects 
live litter size, mean fetal 
body weight per litter, 
increased number of 
resorptions 

Rifabutin alone Decreases in pregnancy rate No adverse effects 
and mean fetal body weight 
per litter (640 mg/kg group 
only) 

 AZT + rifabutin Marked decreases in Decreases in number of 
pregnancy rate, live litter delivered litters, cumulative 
size, and mean fetal body survival per litter, litter size, 
weight per litter, increased and pup weight per litter 
number of resorptions 
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INTRODUCTION 

AIDS is a lethal multi-system disease that has become a major public health problem since its recognition in 

1981 (Gottlieb et al., 1981; Masur et al., 1981; Siegal et al., 1981). The etiological agent of AIDS is a 

retrovirus now referred to as HIV (Coffin, 1986). To date, the most effective single agent in the treatment of 

HIV has been the first dideoxynucleoside analogue used in clinical trials, zidovudine (3 I -azido-3 ,_ 

deoxythymidine, AZT, Retrovir, azidothymidine, compound S, BW A509U, CAS No. 30516-87-1) commonly 

referred to as AZT (Vince et al., 1988; Amin, 1989). 

AZT therapy produces numerous beneficial effects in AIDS patients, including decreases in morbidity and 

increases in lifespan (Amin, 1989; Jeffries, 1989). The most important adverse effects ofAZT are anemia and 

granulocytopenia, which are believed to reflect bone marrow toxicity (Richman, 1988; Amin, 1989). Two 

types ofanemia may occur with AZT therapy: macrocytic megaloblastic anemia and normocytic normochromic 

anemia. 

Several subacute and subchronic rodent toxicity studies have demonstrated that the primary toxicity of AZT is 

myelosuppression. Male Swiss (CD-l®) mice were administered 100,250,500, or 1,000 mg AZTlkg body 

weight by gavage for 30 days (Mansuri et al., 1990). No mortality or body weight effects were evident from 

AZT treatment. Erythropenia and increased mean cell volume were observed at all doses, and anemia was 

observed at the 1,000 mg/kg dose. Pathologic findings in the AZT-treated mice were consistent with the 

hematologic results and included lymphoid depletion, reticuloendothelial hyperplasia in spleen and thymus, and 

bone marrow hypocellularity. 

In a 14-weeksubchronic study (NTP, 1999), B6C3F1 mice were treated with 0,25,50, 100,400, or 1 ,000 mg 

AZT/kg body weight in 0.5% methylcellulose by gavage twice daily. On day 5, statistically significant dose­

related decreases were observed in reticulocyte counts in both males and females. Dose-related anemia was 

evident on days 23 and 93. To evaluate the ability of treated animals to reverse any compound-related effects 

when treatment is stopped, additional groups were administered 0,50,400, or 1,000 mg/kg AZT twice daily 

for 92 days and then held without additional treatment for 29 days. Improvement of hematology parameters 

indicated recovery of the bone marrow after treatment stopped. An apparently nontoxic, treatment-related 

clinical finding that affected AZT -treated B6C3F 1 mice was a darkening of the skin on the tail, feet, and/or 

muzzle. 
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Oral bioavailability of AZT was determined in female B6C3F 1 mice by comparison of the area under the curve 

obtained from an oral dose to that of an intravenous dose at the same concentration (Trang et al., 1993). 

Bioavailability was found to be 0.86, 0.78, and 0.97 for the 15, 30, and 60 mg/kg oral doses. The mean 

elimination half-life values ranged from 17.3 to 19.9 minutes for the three intravenous doses and from 16.5 to 

21.9 minutes for the three oral doses. Based on these results, the internal dose of AZT was linear and dose 

proportional over the oral-dose concentration range administered. 

Standard teratology studies of AZT have been performed in rats and rabbits (Ayers, 1988). Rats were dosed 

orally with 125 to 500 mg/kg on gestation days 6 to 15. No fetal toxicity or teratogenicity was found. Fetal 

AZT concentrations 30 minutes post-dosing were 61 p.g/g, or 76 times the antiviral inhibitory dose for 50% 

of the viral population being tested (IDso). Rabbits were orally dosed at 125 to 500 mg/kg on gestation days 

6 to 18, and no fetal toxicity or teratogenicity was found. Fetal AZT concentrations 30 minutes post-dosing 

were 40.2 p.g/g, or 50 times the antiviral IDso. 

Female Wistar rats were dosed three times orally with 100 mg/kg AZT at 5-hour intervals on gestation day 10 

for a total dose of 300 mg/kg (Greene et ai., 1990). No adverse effects on maternal body weight gain, food 

consumption, fertility, hematologic parameters, or growth or survival of offspring were observed. AZT 

concentration measurements 30 minutes after the last dose were 62.6 p.g/mL in maternal plasma and 21.1 p.g/g 

in fetal tissue. 

Studies in C3HIHe mice concluded that AZT has a direct toxic effect on the developing mouse embryo (Toltzis 

et ai., 1991). Female mice were exposed to 0, 0.25, 0.5, or 2.5 mg AZT/mL drinking water for 8 weeks 

during mating and throughout gestation. All AZT groups had fewer pregnant mice per group, fewer pups per 

litter. and increased resorptions per mouse. Dose-related embryolethality was observed. 

Disseminated infection with the Mycobacterium avium complex (MAC) is the most common cause ofbacteremia 

in AIDS patients, occurring in as many as 50 % of these patients (Masur, 1993). Survival ofAIDS patients with 

MAC infection is half that of nonMAC-infected patients. Existing treatment regimens are not consistently 

successful, and relapses are common. Rifabutin, a rifamycin analogue, has shown significant activity against 

MAC in vitro and in vivo. 

The pathogenic agent MAC, a ubiquitous organism, can be isolated from water, soil, and a variety of animals 

including dogs, cats, chickens, pigs, and insects (Masur, 1993). MAC infection was historically associated with 

chronic lung disease and received little attention; disseminated disease was rare, even in severely 
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immunocompromised patients. Infection occurs via respiratory or gastrointestinal routes, and the 

gastrointestinal tract is thought to be the most common site of colonization and dissemination. 

For reasons not understood, AIDS patients are uniquely predisposed to development of disseminated MAC 

disease. Fifteen to fifty percent of HIV -infected patients are infected with MAC, which is characterized by 

fever, diarrhea, night sweats, weight loss, anemia, abdominal pain, and elevated serum alkaline phosphatase. 

MAC is associated with advanced HIV infection; patients with CD4lymphocyte counts less that 100/mm3 are 

considered to have increased risk for MAC. Other factors that correlate with the development ofdisseminated 

disease are previous opportunistic infection, an interruption in AZT therapy, and significant anemia. The effect 

of untreated disseminated disease in AIDS patients is unknown, although several studies have suggested that 

it is associated with decreased survival (Chaisson et az', 1992). 

Until recently, available antimicrobial drugs were not active against MAC (Masur, 1993). The intracellular 

location of this organism serves to protect it from drugs that do not penetrate the plasma membrane. Recently, 

several new antimicrobial agents have been developed including rifabutin, the first drug approved by the FDA 

targeted against this organism. Rifabutin, 4-deoxo-3,4-[2-spiro-(N-isobutyl-4-piperidyl)](1H)-imidazole 

(2,5-dihydro)-rifamycin S, is a semisynthetic spiropiperidyl derivative of rifamycin S. 

Following oral administration in humans, rifabutin is rapidly but incompletely absorbed; measurable amounts 

of the drug are detected in the serum within 30 minutes. Peak serum levels occur 4 hours after administration. 

The half-life in serum is 16 hours, with detectable levels still present at 24 hours after ingestion. 

Two hours after an oral dose of rifabutin in rats, the highest concentrations were found in the liver, followed 

by lung, abdominal adipose tissue, and spleen (Battaglia et al., 1991). Seventy-two hours after administration, 

the sequence was abdominal adipose tissue, liver, spleen, bone marrow, and lung. 

Pharmacokinetic parameters ofrifabutin in healthy male volunteers given 28 doses of300 to 1,200 mg/day were 

reported by Skinner et aZ. (1989). The plasma concentration data were consistent with a two-compartment open 

model with a terminal half-life of 36 hours. Following the 1,200 mg dose, peak and trough plasma levels were 

907 and 194 ng/mL, respectively. 

14C-Rifabutin is eliminated by renal and fecal routes (Battaglia et ai., 1991); the renal route appears to 

predominate in humans (50.19 %) and monkeys (46.73 %), whereas fecal excretion is the major elimination route 

in rats (48.09%) and rabbits (45.01 %). Peak plasma levels occurred in 1 to 4 hours in these species. 
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Significant levels of 31-0H rifabutin were detected by 8 to 24 hours in all four species. The 25-0-deacetyl 

metabolite was detected in rats and humans only. Polar metabolites were also detected. Rifabutin was excreted 

unchanged in urine in the rat (8.5%) and in humans (4.6%); only trace amounts were found in rabbit and 

monkey urine. 

Few reports on the toxicity of rifabutin in animals are available. Efficacy studies did not include adverse effects 

of the drug at the concentrations tested. However, the Physician's Desk Reference (1995) does include the 

following: increased bilirubin and liver weight have been reported in rats, mice, and monkeys given 5,6, and 

8 times the human daily dose. Testicular atrophy was seen in baboons and rats at four and 40 times the 

recommended human dose, respectively. 

Rifabutin causes multinucleated hepatocytes in rats (Scampini et al., 1993). Multinucleated hepatocytes were 

dose- and gender-related and appeared predominantly in male rats after 5 weeks of treatment. This effect is 

unique to the rat, not caused by rifampin (a derivative of rifabutin), and not associated with an increased 

number of liver tumors. 

In a clinical study of the antiviral activity of rifabutin, Siegal et al. (1990) reported a reversible syndrome of 

arthralgia/arthritis in patients receiving doses that exceeded 1,050 mg/day; aphthous stomatitis and uveitis were 

seen at doses above 1,800 mg/day. Doses less than 1 g/day were well tolerated in patients with AIDS-related 

complex. An orange-tan skin pigmentation and discoloration of body fluids were noted in almost all patients. 

Other adverse effects of rifabutin include neutropenia, thrombocytopenia, rash, nausea, flatulence, serum 

aminotransferase elevations, and myositis. 

The myelotoxicity ofrifabutin in combination with AZT in vitro was investigated in anticipation ofa synergistic 

effect of these drugs (Volpe et al.• 1993). While both AZT (5 /LM) and rifabutin (5 /LM) alone were moderately 

toxic to hematopoietic progenitors and slightly toxic to granulocyte-macrophage precursors, the combination 

of these drugs did not exceed the toxicity of AZT alone. 
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STUDY RATIONALE 

The objective of this study was to obtain controlled laboratory data on the general and reproductive and 

developmental toxicity ofAZT and rifabutin when adniinistered in combination to mice. Male and female mice 

were administered AZT (200 or 400 mg/kg) alone, rifabutin (80,320, or 640 mg/kg) alone, or combinations 

ofAZT and rifabutin by gavage. Mice were treated twice daily, approximately 6 hours apart. Adult mice were 

evaluated for mortality, clinical signs, body weight, sperm function, pathology, plasma drug levels, and clinical 

pathology parameters. Offspring were evaluated for viability, external abnormalities, and weight. 
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MATERIALS AND METHODS 


PROCUREMENT AND CHARACTERIZATION OF CHEMICALS 


3'-Azido-3'-deoxythymidine (AZT; lot 7494-36-05) was manufactured by Raylo Chemicals (Edmonton, 


Alberta) and Burroughs Wellcome (Research Triangle Park, NC) and supplied as a powder. Rifabutin 


(lot 4041M155) was manufactured by Pharmacia, Inc. (Piscataway, NJ). 


Rifabutin, a violet-red crystalline powder, is stable at room temperature. It is minimally soluble in water, 


slightly soluble in ethanol, soluble in methanol, and highly soluble in chloroform (O'Brien et ai., 1987). 


The purity ofAZT was determined to be greater than 99 % by high-performance liquid chromatography. Purity 


of the rifabutin used in this study was estimated by high-performance liquid chromatography to be 


approximately 99 %. Infrared and nuclear magnetic resonance spectroscopy analyses performed on AZT and 


rifabutin produced spectra which were consistent with the structures of AZT and rifabutin and agreed with the 


reference spectra. The vehicle used in this study was an aqueous solution containing 0.2%methylcellulose and 


0.1 % Tween 80. 

DOSE FORMULATIONS 

The required amounts ofAZT and rifabutin were combined with the required amount of the vehicle. The dose 

formulation was then stirred until visually homogeneous. A stability study conducted on AZT/rifabutin stored 

at 4 0 C indicated no significant loss of either test chemical for at least 33 days. Dose formulations were stored 

refrigerated, protected from light, and used within 20 days. 

Samples at each dose concentration from the initial mix were analyzed prior to dosing. Residual formulations 

taken from the same mix after dosing were also analyzed. Prior to dosing, the concentrations of AZT ranged 

from 100 % to 106 % of the target concentrations. The concentrations of rifabutin were 104% to 111 % of the 

target concentrations. Concentrations of AZT and rifabutin in the residual formulations ranged from 96 % to 

104% and 91.6% to 156% of the target concentrations, respectively. 
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STUDY DESIGN 

Swiss (CD-l®) mice were obtained from Charles River Laboratories, Portage, MI (Area POI), and were 

approximately 12 weeks old when placed on study. The mice were housed five males or five females per cage 

during quarantine, uniquely identified before randomization, and individually housed after randomization, 

except during cohabitation. 

The mice were housed in polycarbonate cages with solid bottoms and sides. Average temperature in the animal 

rooms was 70.7° F, with a standard deviation of0.7° F; average relative humidity was 47.2%, with a standard 

deviation of 6.8 % . 

At terminal sacrifice, blood samples were collected from five male and five female sentinel animals as part of 

the animal disease screening program. Results indicated all animals were free of viral antibodies. 

AIDS patients receive combination therapy with rifabutin and AZT, and controlled laboratory data are required 

to evaluate the potential toxicity of this combination therapy. At present, there are no adequate alternatives to 

whole animal models for this purpose. The Swiss (CD-l ®) mouse chosen for this study is one of the mouse 

models routinely used for reproductive and developmental toxicity studies by the NIEHS. 

The basic premise for dose concentration selection is that the high dose concentration should induce some 

measurable evidence of toxicity (e. g., anemia, weightloss, target organ toxicity). In a number of reproductive, 

developmental, and toxicity studies under this project, AZT at the doses selected (200 and 400 mg/kg) caused 

resorptions and decreased litter sizes. The human therapeutic dose is 10 mg/kg per day (PDR, 1995). The 

selected doses are 20- and 40-times human doses, but on a body surface area basis (Freirich et aI., 1966), the 

doses are close to two and four times the therapeutic dose. Recent studies under this project have also 

demonstrated dose-related decreases in hematologic parameters at these doses. 

Dose concentrations selected for rifabutin (80, 320, and 640 mg/kg per day) are 2, 8, and 16 times the 

therapeutic dose and were based upon the following: the therapeutic dose in the mouse for Mycobacterium 

avium complex (MAC) infection is 20 to 40 mg/kg per day for up to 60 days (Orme, 1988; Saito et al., 1988); 

no toxicity was reported at these doses. The clinical dose for MAC prophylaxis in humans is 4.3 mg/kg per 

day (300 mg per day; Nightingale et al., 1993), equivalent to 53 mg/kg per day in the mouse. The maximum 

tolerated dose reported in humans is 14.2 mg/kg per day (1,000 mg per day; Siegal et al., 1990), equivalent 

to 175 mg/kg per day in the mouse. 
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The design of this study is a modification of a design published elsewhere (Harris et ai., 1992). A brief 

summary of the study design is provided in Table 2. The oral route of administration was selected because it 

is the route used in humans, and the study was conducted in Swiss (CD-1 ®) mice because this strain is routinely 

used for reproductive and developmental toxicity evaluations. Combinations of AZT and rifabutin were 

administered by gavage as a single formulation in an aqueous solution containing methylcellulose and Tween 80. 

Total daily doses of 20 mL/kg were divided into two equal doses of 10 mL/kg given approximately 6 hours 

apart. Mice were divided into three groups as follows: 

Male Mice: Ten males were assigned to each dose group. Five additional males were added to selected groups 

for determination of plasma concentrations of the test compounds. Prior to dosing, male mice were cohabited 

with female-B mice on study days 0 to 4. Males were dosed from study day 5 to the day prior to sacrifice for 

20 days. Males were cohabited with female-A mice on study days 9 to 13 to identify effects of treatment on 

mating behavior. On study day 25 or 26, all male mice were weighed, and blood samples were obtained from 

the retroorbital sinus for hematology and clinical chemistry evaluations. The males were euthanatized with 

CO2 , necropsy was conducted, and the testis and epididymides were collected and prepared for evaluation of 

sperm parameters as described in the Sperm Function Evaluation section of this report. 

Female-A Mice: Twenty females were assigned to each dose group. Female-A mice were dosed from study 

day 0 to the day prior to sacrifice for approximately 30 days. Male mice were cohabited with female-A mice 

on study days 9 to 13 to identify effects of treatment on mating behavior, fertilization, implantation, or the 

initial stages ofdevelopment. During the cohabitation period, the females were examined daily for the presence 

of a vaginal plug as an indicator of pregnancy. If a vaginal plug was evident, that female was housed 

individually, and that day was designated as day 0 of gestation. At the end of the cohabitation period, all 

animals were housed individually. Prior to parturition on day 18 of presumed gestation (study days 28 to 32), 

all female-A mice were weighed, and blood samples were taken from the retroorbital sinus for hematology and 

clinical chemistry evaluations. The female-A mice were then euthanatized with CO2 , and necropsy and 

caesarean section evaluations were conducted. Live fetuses were removed, weighed, anesthetized on ice, and 

preserved in Bouin's fixative. The uteri of all sperm-negative females were examined for evidence of 

unsuccessful pregnancy and then press-plated between two heavy plates of glass to visualize implantation sites. 

Additional endpoints for all female-A mice included gravid uterine weight and number of implantation sites, 

resorptions, corpora lutea, and dead and live fetuses. 

Female-B Mice: Twenty females were assigned to each dose group. Prior to dosing, female-B mice were 

cohabited with males on study days 0 to 4. During the cohabitation period, the females were examined daily 



20 AZT and Rifabutin 

for the presence of a vaginal plug as an indicator of pregnancy. If a vaginal plug was evident, that female was 

housed individually, and that day was designated as day 0 of gestation. At the end of the cohabitation period, 

sperm-negative female-B mice were euthanatized with CO2 and discarded without necropsy; all other animals 

were housed individually. Sperm-positive female-B mice were assigned evenly across dose groups prior to 

gestation day 6. Female-B mice were subsequently dosed during gestation days 6 to 15 (for 10 days), during 

the fetal organogenesis period, to identify effects on fetal development. Residual effects on parturition and the 

beginning of lactation were also evaluated. Beginning on gestation day 16, the bedding material and feeders 

were no longer changed. From gestation day 17 until the litters were delivered, female-B mice were observed 

twice daily for evidence of labor or delivery. The day of completed delivery was determined to the nearest day 

and designated as postnatal day O. On postnatal days 0 and 1, dam body weights were recorded along with the 

number of live and dead pups, the number of male and female pups, the incidence of any gross malformations, 

and live pup weights. Dead pups were discarded. On postnatal day 4, all female-B mice, including any that 

did not deliver, were weighed, and blood samples were collected from the retroorbital sinus for hematology 

evaluations. These mice were then euthanatized with CO2 , and complete necropsies were performed. The 

uterus was removed and press-plated. All pups were weighed and given a thorough external examination for 

lesions and malformations, and the gender was recorded. The pups were then euthanatized with CO2 and 

preserved in Bouin's fixative. 

Clinical Pathology 

All blood samples were collected from the retroorbital sinus under CO2:02 (70/30) anesthesia. Blood for 

hematology analyses was collected in a tube containing EDT A • and blood for clinical chemistry analyses was 

collected in a tube without anticoagulant. Animals were selected in random order for blood collection, and 

samples were analyzed in the order collected. 

Erythrocyte, platelet, and leukocyte counts; hematocrit; hemoglobin concentration; mean cell hemoglobin; mean 

cell volume; mean cell hemoglobin concentration; and leukocyte differentials were determined on whole blood 

using a Technicon H -I TM automated hematology analyzer. Reticulocyte counts were conducted using a Coulter 

Model Elite Flow Cytometer™. Blood smears were prepared to manually verify leukocyte differentials and 

erythrocyte and platelet morphology if necessary. Sorbitol dehydrogenase, total bile acids, alanine 

aminotransferase, alkaline phosphatase, and aspartate aminotransferase were determined using the Roche Cobas 

Fara™ automated analyzer. Priority for clinical chemistry tests was assigned in the order listed above. 

Blood (approximately 0.6 mL) was collected by retroorbital puncrure into heparinized tubes at 15, 30, 60, and 

90 minutes following the last dose for determination of AZT and rifabutin levels in plasma. Two mice per 
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selected dose group (male and female-A mice) were bled at each time point when possible. Dose groups 

designated to be bled for plasma concentration determinations included females that received 80 mg/kg rifabutin 

with or without 400 mg/kg AZT and males and females that received 320 or 640 mg/kg rifabutin with or 

without 400 mg/kg AZT. 

Males used for plasma concentration determinations included extra mice (five per dose group) from the 

shipment of mice for this study, as well as 3 of 10 males from selected dose groups that were on study; the 

remaining males in each dose group were bled for clinical pathology determinations. Female mice bled for 

plasma concentration determinations were pregnant female-A study mice, when possible. 

Sperm Function Evaluation 

Sperm motility was evaluated at necropsy in the following manner. The left epididymis was isolated and 

weighed. The tail of the epididymis (cauda epididymis) was then removed from the epididymal body (corpus 

epididymis). Modified Tyrode's buffer was applied to slides, and a small incision was made at the distal border 

of the cauda epididymis. The sperm effluxing from the incision were dispersed in the buffer on the slides, and 

the numbers of motile and nonmotile spermatozoa were counted for five fields per slide by two observers. 

Following completion of sperm motility estimates, each left cauda epididymis was placed in buffered neutral 

saline solution. Caudae were finely minced, and the tissue was incubated in the saline solution. Sperm density 

was then determined microscopically with the aid of a hemocytometer. To quantify spermatogenesis, testicular 

spermatid head count was determined by removing the tunica albuginea and homogenizing the left testis in 

phosphate-buffered saline. Homogenization-resistant spermatid nuclei were counted with a hemocytometer. 

Histopathology 

Necropsy was performed on all animals (except sperm-negative female-B mice). The liver of male and 

female-A mice was weighed. Histopathology of male and female-A mice was conducted on the tissues listed 

in Table 2. With the exception of the testes and epididymides, which were fixed in Bouin's and stained with 

PAS, all other tissues were fixed in 10% neutral buffered formalin. These tissues were then trimmed to a 

maximum thickness of 0.3 cm for processing, embedded in paraffin, sectioned at 4 to 6 p,m thickness, stained 

with hematoxylin and eosin, and examined by light microscopy. 
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TABLE 2 
Experimental Design and Materials and Methods in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin in Swiss (CD-l®) Mice 

Study Laboratory 

Southern Research Institute, Bmmngham, AL 


Strain and Species 

SWISS (CD-IQl) Illice 


Animal Source 

Charles River Laboratones, Portage, MI (Area POI) 


Time Held Before Study 
17 days 

Age When Placed on Study 
88 days 

Duration of Dosing 

Male Illice day 5 to day pnor to sacnfice (except for those arumals designated for plasma compound level determmatlon) 

Female-A Jruce day 0 to day pnor to sacnfice (except for those ammals desIgnated for plasma compound level deterJrunatIon) 

Female-B mIce gestatton days 6 to 15 


Days of Cohabitation 

Male and Female-A Illice days 9 to 13 

Male and Female-B Illice days 0 to 4 


When possible, one male and two females Wlthm the same dose group were housed together by consecuttve arumal number 

Necropsy Dates 
Male Jruce days 25 and 26 
Female-A Jruce days 28 to 32 
Female-B Illice day 5 (sperm-negatIve), days 24 through 29 of presumed gestatton (sperm-poslttve, not delIvered), postnatal day 4 (sperm­
posItIVe, delIvered) 

Average Age at Necropsy 
Male Jruce 113-114 days 
Female-A Illice 116-120 days 
Female-B Jruce 112-117 days 

Size of Study Groups 
Male Jruce 10 or 15 
Female-A Illice 20 
Female-B Jruce 20 

Method of Animal Distribution 
Arumals were aSSIgned to groups usmg a strattfied weIght method and then asSIgned to study groups m random order 

Animals per Cage 
One arumal per cage, except durmg cohabltatton 

Method of Animal Identification 
Tall tattoo 

Diet 
NIH-07 pelleted feed, aVailable ad ltbuum 
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TABLE 2 
Experimental Design and Materials and Methods in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin in Swiss (CD-l®) Mice 

Water 

Tap water (Blrmmgham, AL), avaIlable ad llbztum 


Cages 

Polycarbonate cages WIth solId bottoms and sIdes 


Bedding 

Heat-treated hardwood ChIPS (Sam-ChIps~, P J Murphy Forest Products CorporatIon, MontvIlle, NJ) 


Cage Filters 

Remay~ spun-bonded polyester (AndICO, Bummgham, AL) 


Racks 

Stamless steel (Lab Products, Maywood. NJ) 


Animal Room Environment 

Temperalllre 707° ± 07° F 

Relatlve humIdIty 47 2 % ± 6 8 % 

Fluorescent lIght 12 hours fluorescent hght/day 

Room aIr mmunum of 10 changeslhour 


Doses 

Dally doses m methylcellulose and Tween 80 by gavage 

omg AZT + 0 mg nfabutIn per kg body weight per day 
omg AZT + 80 mg nfabutIn per kg body weIght per day 
omg AZT + 320 mg nfabutIn per kg body weIght per day 
omg AZT + 640 mg nfabutIn per kg body weIght per day 
200 mg AZT + 0 mg nfabutIn per kg body weight per day 
200 mg AZT + 80 mg nfabutIn per kg body weight per day 
200 mg AZT + 320 mg nfabutIn per kg body weIght per day 
200 mg AZT + 640 mg nfabutIn per kg body weIght per day 
400 mg AZT + 0 mg nfabutIn per kg body weIght per day 
400 mg AZT + 80 mg nfabutIn per kg body weIght per day 
400 mg AZT + 320 mg nfabutIn per kg body weIght per day 
400 mg AZT + 640 mg nfabutIn per kg body weIght per day 

Type and Frequency of Observation 
MortalIty Imonbundlty twice daily 
ClImcal findmgs once daily 
Vagmal plugs days 10 to 14 for female-A mIce. days 1 to 5 for female-B mIce 
Body weights days 3,5,9,13,17,21,23, and sacnfice for male mIce, days 0,4,12, 16,20,23,26, and sacnfice for female-A mIce, 
gestatlon days 0, 8, 12, 15, and postnatal days 0, 1, and 4 for female-B mIce, postnatal days 0, 1, and 4 for FI pups 

Method of Sacrifice 
Carbon dIOXIde asphYXIatIon 

Necropsy 
Complete necropsies were performed on all breeder ammals except sperm-negatIve femaIe-B mIce LIver was weIghed for male and 
female-A mIce 

Histopathology 
HIstopathology was performed on all male and female-A mIce In addItIon to gross leSIOns and assocIated lymph nodes, the followmg 
tissues were eXalIDned Male mice - bram, bone marrow, epidIdYmIS, hean, kidneys. lIver, lungs, lymph nodes (mandIbular and 
mesentenc), spleen, stomach, and thymus Female-A mice - lIver and stomach Pups were exammed externally only 
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TABLE 2 
Experimental Design and Materials and Methods in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin in Swiss (CD-10) Mice 

Clinical Pathology 
Hematology (all ammals) and chmcal chenustry (male and female-A nuce) evaluations were conducted at ternunal sacnfice, except for those 
deSignated for plasma AZT and nfabutm level determinatIons 
Hematology' erythrocyte, retiCulocyte, and platelet counts, hematocTlt, hemoglobm, mean cell hemoglobm, mean cell volume, mean cell 
hemoglobm concentratIon, leukocyte counts and differentials, erythrocyte and platelet morphology (If necessary) 
ClinIcal ChemIStry sorbItol dehydrogenase, alamne anunotransferase, alkalme phosphatase, and aspartate anunotransferase activities and 
bIle aCid concentratIons of male and female-A nuce 

Plasma AZT and Rifabutin Levels 
Selected ammals from selected dose groups (male and female-A mice only) were bled for plasma AZT and nfabutm level deternunations 

Sperm Motility Evaluation 
Sperm samples were collected from all males at ternunal sacnfice The parameters evaluated mcluded spermatid heads, spermatId counts, 
and motIlity The left epididynus and cauda epididynus were weIghed 

STATISTICAL METHODS 

Paternal and maternal body weights were analyzed using Bartlett's test of homogeneity of variances and the 

analysis of variance (Snedecor and Cochran, 1967a). If Bartlett's test was not significant (p >0.05) and the 

analysis of variance was significant (P~0.05), then Scheffe's test (Scheffe, 1953) was used to identify the 

statistical significance of individual groups. If Bartlett's test was significant (p~0.05), the Kruskal-Wallis test 

(Sokal and Rohlf, 1969) was used; in cases in which the Kruskal-Wallis test was significant (P~O.05), Dunn's 

(1964) method of multiple comparisons was used to identify the statistical significance of individual groups. 

These methods were also used to analyze fetal body weight and pup body weight (per litter) as well as all other 

evaluations involving continuous data. For Fo generation sires and dams, the analysis of covariance (Snedecor 

and Cochran, 1967b) was used to evaluate mean body weight changes and mean maternal body weight changes. 

Observations for delivered and dead conceptuses of the female-A dams and for fetuses from female-A dams 

caesarean-sectioned on an estimated day 14 of gestation were excluded from fetal body weight summaries and 

statistical analyses. 

Group means and standard deviations were calculated for hematology and clinical chemistry parameters and 

for final mean body and epididymis weights. Epididymis-weight-to-body-weight ratios were also calculated. 

Final mean body weights of males and females and mean epididymis weights and epididymis-weight-to-body­

weight ratios for males for each dosed group were compared to those of the control group by a two-tailed 

Student's t-test. The standard deviations used in the t-tests were obtained by pooling the individual values for 

the vehicle control and dosed groups. Hematology and clinical chemistry data were evaluated using Dunnett's 

(1955) test. 
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Severity grades for lesions in liver, spleen, thymus, stomach, and bone marrow were analyzed for interaction 

using two-way analysis ofvariance. Ifa significant interaction between AZT and rifabutin was observed, mean 

values were plotted to graphically display the interaction between the two chemicals. In the absence of 

interaction, vehicle control and dosed group means were compared using either Williams' (Williams, 1971, 

1972) or Dunnett's (Dunnett, 1955) multiple comparison procedures. The choice between the two tests was 

based on evidence of a dose-related trend in the data as determined by Jonckheere's test (Jonckheere, 1954). 

Williams' test was applied if there was an indication of trend (p::::O.Ol), and Dunnett's test was used in the 

absence of a trend. In selected cases in which interaction was found to be significant, the multiple comparison 

tests described above were used to detect treatment-related effects. 

Proportion data (e.g., clinical fmdings and incidences ofpregnancy ,resorption, death, and total resorption) for 

mice presumed pregnant were analyzed using the Cochran-Armitage test for a linear trend in proportions 

(Snedecor and Cochran, 1967c) and Fisher's exact test (Siegel, 1956). Epididymal sperm motility data were 

analyzed by the Wilcoxon rank sum test for pairwise nonparametric comparisons (Wilcoxon, 1945). 
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RESULTS AND DISCUSSION 


SURVIVAL AND CLINICAL FINDINGS 

Male Mice 

No male mice died before scheduled sacrifice. All male mice that received 320 or 640 mg/kg rifabutin alone 

or in combination with 200 or 400 mg/kg 3'-azido-3'-deoxythymidine (AZT) had red-colored urine; five of 

ten male mice in these groups had swollen faces. Piloerection was noted in male mice administered 

o+ 640 mg/kg (5 of 10),200 + 640 (5 of 10), or 400 + 640 mg/kg (6 of 10). The only other clinical finding 

noted in any male mice was red-colored urine in two mice each in the 0 + 80 and 200 + 80 mg/kg groups. 

Female-A Mice 

Fifty-five female-A mice died prior to scheduled sacrifice (Table 3). Five were administered 200 + 320 mg/kg, 

20 were administered 200 + 640 mg/kg, 10 were administered 400 + 320 mg/kg, and the remaining 20 were 

administered 400 + 640 mg/kg. These mice died on study days 4 through 27. In general, mice considered 

moribund had one or more of the following signs: coldness to the touch, decreased motor activity, labored 

breathing, tremors, pallor, and hindlimb dragging. 

Red-colored urine occurred in all female-A mice administered 320 or 640 mg/kg rifabutin alone or in 

combination with 200 or 400 mg/kg AZT, three mice administered 200 or 400 mg/kg AZT + 80 mg/kg 

rifabutin, and all mice administered 80 mg/kg rifabutin alone. Piloerection occurred in 11 of 20 mice 

administered 200 + 320 mg/kg, all mice administered 400 + 320 mg/kg, and all mice administered 640 mg/kg 

rifabutin alone or in combination with 200 or 400 mg/kg AZT. Swollen faces were observed in 10 of20 mice 

in each of the groups administered 80, 320, or 640 mg/kg rifabutin alone or 320 or 640 mg/kg rifabutin in 

combination with 200 or 400 mg/kg AZT. 
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TABLE 3 
Early Deaths in Female-A Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 

Dosea Number of Day of Death Type of Death Clinical Findings 

Deaths 


200 + 320 4 4-26 Moribund 	 Swollen face, red-colored urine, dragging 
hindlimbs, piloerection, decreased motor 
activity, coldness to the touch, pallor, labored 
breathing 

27 Found dead Swollen face, red-colored urine 

200 + 640 20 14-22 Moribund 	 Swollen face, red-colored urine, piloerection, 
decreased motor activity, coldness to the 
touch, labored breathing 

400 + 320 10 19-27 Moribund 	 Swollen face, red-colored urine, piloerection, 
decreased motor activity, coldness to the 
touch, pallor, labored breathing 

400 + 640 19 6-22 Moribund 	 Swollen face. red-colored urine, piloerection, 
decreased motor activity, coldness to the 
touch, pallor, labored breathing, tremors 

11 Found dead Swollen face, red-colored urine, piloerection 

a Daily gavage doses of AZT + rifabutin (mg/kg per day) 

Female-B Mice 

No female-B mice died before the scheduled sacrifice. Red-colored urine was observed during gestation and 

lactation in almost all mice administered 320 or 640 mg/kg rifabutin alone or in combination with 200 or 

400 mg/kg AZT. Red-colored urine also occurred in one mouse that received 400 + 80 mg/kg. Swollen faces 

were observed during gestation in six mice administered 320 mg/kg rifabutin alone; in three mice administered 

640 mg/kg rifabutin alone; in four and three mice administered 200 mg/kg AZT + 320 or 640 mg/kg rifabutin, 

respectively; and in three and four mice administered 400 mg/kg AZT + 320 or 640 mg/kg rifabutin, 

respectively. 
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BODY AND ORGAN WEIGHTS 

Male Mice 

Administration of 400 + 640 mg/kg caused a significant decrease (P~0.01) in mean body weight gain 

(Figure 1) for the entire dosing period (days 5 to 23). AZT alone (200 or 400 mg/kg), rifabutin alone (80,320, 

or 640 mg/kg), or 200 or 400 mg/kg AZT + 80 or 320 mg/kg rifabutin did not affect mean body weights or 

body weight gains during the dosing period. No other statistically significant differences (P::::0.05) occurred. 

In males, significant dose-related elevations in absolute liver weights were noted (Figure 2 and Table B 1). Male 

mice treated with 640 mg/kg rifabutin alone, 200 mg/kg AZT + 320 or 640 mg/kg rifabutin, or 

400 + 320 mg/kg had increased (P::::0.05) absolute liver weights. These elevations correlated well with 

histopathologic and clinical chemistry alterations indicative of liver toxicity. 

Female-A Mice 

Mice administered 200 or 400 mg/kg AZT alone had mean body weights (Figure 3) significantly reduced 

(p::::0.05 or P::::0.01) compared to the vehicle control group mean on study day 26 and at termination. Mean 

body weight gains were significantly reduced (P::::0.05 or P::::O.01) for the 200 and 400 mg/kg AZT groups on 

study days 0 to 26 compared to the vehicle control group. These decreased mean body weights resulted from 

reduced gravid uterine weights (P::::O.Ol) in the 200 and 400 mg/kg AZT groups. When gravid uterine weights 

were subtracted, the final mean body weights were comparable to the vehicle control group value. 

Administration of rifabutin alone at doses as high as 640 mg/kg did not affect mean body weights, mean body 

weight gains, final mean body weights, or gravid uterine weights of female-A mice. No significant (p::::0.05) 

differences in mean body weights occurred between this group and the vehicle control group. A significant 

decrease (P~0.01) in mean body weight gain occurred in the 640 mg/kg rifabutin group on study days 23 to 26. 

Female-A mice administered 200 mg/kg AZT + 320 or 640 mg/kg rifabutin had reduced and/or significantly 

reduced (P::::0.05 or P::::O.01) mean body weights on study days 16 (200 + 640 mg/kg group only), 20, 23, 26, 

and at termination (for surviving mice). A similar pattern occurred in groups treated with 400 mg/kg 

AZT + 80, 320, or 640 mg/kg rifabutin. These differences reflected reduced gravid uterine weights that 

occurred in all groups administered both test articles and that survived to caesarean section. The mean 

corrected final body weights (final body weight minus gravid uterine weight) were comparable among all groups 

with surviving mice administered both test articles. The exception was reduced body weight of the one mouse 
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FIGURE 1 
Mean Body Weights of Male Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations (TSAC=terminal sacrifice) 
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FIGURE 3 
Mean Body Weights of Female-A Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 
(Plots A, C, and E show body weights from day 0 through terminal sacrifice [TSAC]. Plots B, D, and F show 
the identical data except body weights at TSAC are after gravid uterine weights have been subtracted. Group 
fmal mean body weights and corrected body weights include only values for dams that were actually pregnant 
and were sacrificed and caesarean-sectioned as scheduled on presumed day 19 of gestation.) 
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in the 400 + 320 mg/kg group that was pregnant and subjected to caesarean section on presumed day 19 of 

gestation. (All other mice in this group were not pregnant or were sacrificed before day 19 of gestation.) 

Mean body weight gains were significantly reduced (p~0.01) for the female-A mice administered 

200 + 80 mg/kg for study days 23 to 26, 200 + 320 mg/kg on study days 0 to 26, or 200 + 640 mg/kg on 

study days 0 to 20. Mean body weight gains were also significantly reduced (p:s:0.05 or P~O.OI) for the 

female-A mice administered 400 mg/kg AZT in combination with 80 or 320 mg/kg rifabutin on study days 0 

to 26 and in combination with 640 mg/kg rifabutin on study days 0 to 20. 

Significantly increased (P~0.05) absolute liver weights were noted (Figure 2 and Table Bl) in female-A mice 

receiving 640 mg/kg rifabutin alone. 

Female-B Mice 

Mean gestational body weights (Figure 4) were comparable among the groups administered AZT alone, 

rifabutin alone, or AZT in combination with rifabutin. The exception was the 400 + 640 mg/kg group, which 

had significantly reduced (p~0.01) mean body weights on gestation day 15 compared to the vehicle control 

group. Mean gestational body weight gains were significantly reduced (P~0.05 or P:s:O.Ol) for the groups 

receiving 200 + 640 mg/kg or 400 + 320 mg/kg on days 12 to 15 of gestation and 400 + 640 mg/kg on days 8 

to 15 of gestation. 

Mean body weights and body weight gains of the treated groups during the lactation period did not significantly 

(P > 0.05) differ from any of the vehicle control group values, although these values tended to be reduced in 

the group that received 200 + 640 mg/kg. However, this group had only one mouse that delivered pups and 

the dam and pups survived to lactation day 4. 
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Mean Body Weights of Female-B Mice in the Reproductive, Developmental, and General Toxicity Study 
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Note: data include only values for those dams that were actually pregnant, that survived to lactation day 4, 

and that delivered pups that survived to lactation day 4. 
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CLINICAL PATHOLOGY 

Hematology 

AZTAlone 

Male Mice 

Slight decreases in erythrocyte parameter values [erythrocyte (RBC) counts, hemoglobin concentrations (Hgb) , 

hematocrit (Hct) values] were observed in both the 200 and 400 mg/kg AZT groups. Respective mean RBC 

counts (Figure 5 and Table AI) of both these groups were 12% lower (8.36 x 106/mm3 and 8.33 x 106/mm3
, 

P~0.05) than the mean RBC count of the vehicle control group (9.47 x 106/mm3
). Hgb concentrations and 

Hct values paralleled the slight decreases in RBC counts. While only statistically significant at 400 mg/kg AZT, 

the slight decreases in RBC counts observed with AZT administration alone were considered biologically 

significant due to concurrent increases in mean cell volume (MCV). Respective MCVs for male mice treated 

with 200 or 400 mg/kg AZT were 7% (51.6 fL) or 7% (51.7 fL) greater than the MCV of the vehicle control 

group (48.3 fL), While not statistically significant, these increases in MCVs were considered treatment related. 

These changes in erythrocyte parameters occurred with no biologically significant changes in mean reticulocyte 

counts. 

Slightly higher mean platelet counts (Figure 6 and Table AI) were observed in both groups treated with AZT; 

the mean platelet count of male mice treated with 400 mg/kg AZT was 1.5 times (1,469 x 103/mm3
) that of 

the mean platelet count (992 x 103/mm3
) of the vehicle control group. Although not statistically significant, 

these increased platelet counts were considered biologically significant. 

Administration of AZT alone was associated with lower leukocyte (WBC) counts (Figure 7 and Table AI), 

which could be attributed to slight decreases in both segmented neutrophil counts (Figure 8 and Table AI) and 

lymphocyte counts (Figure 9 and Table AI). These changes were not statistically significant but were 

considered biologically significant in the 400 mg/kg AZT group. Mean WBC, neutrophil. and lymphocyte 

counts of mice treated with 400 mg/kg AZT were, respectively, 31 % (4.81 x 103/mm3) , 32% 

(0.68 x 103/mm3), and 31 % (3.82 x 103/mm3
) lower than the respective counts in the male vehicle control 

group (6.97, 1.00, and 5.53 x 103/mm3
). 
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FIGURE 5 
Mean Red Blood Cell Values for Male and Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations (*=data not available due to 
mortality. For variance and statistically significant differences, see Tables Al and A2.) 
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FIGURE 6 

Mean Platelet Values for Male and Female-A Mice in the Reproductive, Developmental, 

and General Toxicity Study of AZT and Rifabutin Combinations (* = data not available due to 

mortality. For variance and statistically significant differences, see Tables Al and A2.) 
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FIGURE 7 
Mean Leukocyte Values for Male and Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations (* = data not available due to 
mortality. For variance and statistically significant differences, see Tables A 1 and A2.) 



4-r--------------------______________________________________~ 
Males 

0-,--­

o 
+ o 

o 0 0 0 0 0 0 
00 C'l o:j' + 00 C'l ~ 
+ OJ o <0 

+ + 0 + (0 ~ 

o 0 0 + + 
0 C'l 0 0 0 

C'l 0 0 
C'l C'l 

AZf + Rifabutin (mg/kg/day) 

0 0 0 0
+ C'l 00 ~
0 ~ <0
0 +

0 + 
o:j' 

+0 0 0
o:j' 0 0

o:j' ~ 

4-r----------------------------------------------------------------~ 
Females-A 

* * 
0--­

o 0 0 0
+ 0 0 	 0 0 0 0 0 0 

o 00 C'l o:j' + 	 00 C'l ~ + 00 C'l ~ 
+ ~ 0 + 0 + (0

o + <0 	 ~ 
0 	 0 + 

	 (0 

+ + 
~ 

0 0 + + 
o C'l 	 0 0 ~ 0 0 0 0 0 0 	 0 ~ 0 0 C'l 

C'l C'l 	 ~ ~ 

AZf + Rifabutin (mg/kg/day) 

42 AZT and Rifabutin 

FIGURES 

Mean Segmented Neutrophil Values for Male and Female-A Mice in the Reproductive, Developmental, 

and General Toxicity Study of AZT and Rifabutin Combinations (*=data not available due to mortality. 

For variance and statistically significant differences; see Tables Al and A2.) 
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FIGURE 9 
Mean Lymphocyte Values for Male and Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations (*=data not available due to 
mortality. For variance and statistically significant differences, see Tables Al and A2.) 
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Female-A Mice 

AZT administration resulted in hematologic alterations in female mice similar to those observed in male mice. 

RBC counts (Figure 5 and Table A2) were slightly decreased in female-A mice treated with 200 and 400 mg/kg 

AZT alone, with respective mean RBC counts 14% (7.51 x 106/mm3, P::;O.OI) and 12% (7.71 x 1 06/mm3 , 

P::;O.OI) lower than the mean RBC count of the vehicle control group (8.74 x 106/mm3). Hgb concentrations 

and Hct values paralleled RBC counts. These slight but biologically significant decreases in RBC counts were 

accompanied by statistically significant (P:;;; 0.01) increases in M CV. The respective M CV s ofmice treated with 

200 and 400 mg/kg AZT were 14% (55.9 tL) and 16% (56.8 fL) greater than the vehicle control MCV 

(49.1 fL). In general, alterations in mean cell hemoglobin (MCH) paralleled the changes in MCV. 

An increased mean platelet count was observed only in the 200 mg/kg AZT group, although it was not 

statistically significant. The mean platelet count (Figure 6 and Table A2) of the female-A mice group treated 

with 200 mg/kg .A:.ZT was approximately 1.2 times (1,672 x 103/mm3) the mean platelet count 

(1,382 x 103/mm3) of the vehicle control group. 

WBC counts (Figure 7 and Table A2) were slightly decreased in female-A mice treated with AZT alone. WBC 

counts of the 200 and 400 mg/kg AZT groups were, respectively, 26% (5.69 x 103/mm3, P:;;;0.05) and 24% 

(5.86 x 103/mm3
) lower than the mean WBC count of the corresponding vehicle control group 

(7.68 x 103/mm3). These slight decreases in mean WBC counts observed in AZT-treatment groups were 

predominantly due to decreases in neutrophil counts (Figure 8 and Table A2). Corresponding mean neutrophil 

counts were respectively, 58% (1.10 x 103/mm3
, P:;;;O.OI) and 55% (1.19 x 103/mm3

, P:;;;O.OI) lower than 

the mean count (2.62 x 103/mm3) of the vehicle control group. No appreciable alterations in lymphocyte 

counts were observed in these groups (Figure 9 and Table A2). 

Female-B Mice 

Values for hematology parameters with variance and statistically significant differences are listed in Table A3. 

Although slight decreases in RBC counts occurred in the female-B groups administered AZT alone, these were 

not statistically or biologically significant. Slight increases in MCVs of mice treated with 200 and 400 mg/kg 

AZT of 5% (53.8 fL) and 4% (53.3 fL) above that observed in the vehicle control group (51.4 tL) suggest that 

altered erythropoiesis may have occurred even with only 10 days of administration of AZT. Reticulocyte 

counts were also slightly increased, with counts of the 200 and 400 mg/kg AZT groups 1.2 times 

(5.5 x 105/mm3) and 1.3 times (6.1 x 105/mm3) higher than the mean reticulocyte count of the corresponding 

vehicle control group (4.6 x 105/mm3
). These data also suggest that AZT had a hematopoietic effect even with 

10 days of treatment. 
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Platelet count was increased in only the 200 mg/kg AZT group, although the difference was not statistically 

significant. The mean platelet count of the 200 mg/kg AZT group was 1.2 times (1,522 x 103/mm3
) that of 

the vehicle control group (1,262 x 103/mm3
). 

Rifabutin Alone 

Male Mice 

Administration of 320 or 640 mg/kg rifabutin alone to male mice resulted in slight decreases in RBC counts 

and slight increases in reticulocyte, WBC, and neutrophil counts. 

Respective mean RBC counts (Figure 5 and Table AI) of male mice treated with 320 and 640 mg/kg rifabutin 

were approximately 11 % (8.47 x 106/mm3
) and 9% (8.65 x 106 /mm3

) lower than the mean RBC count 

(9.47 x 106Imm3
) of the vehicle control group. Slight declines in Hgb concentrations (P ~0.05) and Hct values 

accompanied the decreases in RBC counts. While not all of the decreases in RBC parameters were statistically 

significant, these were considered biologically significant because they were accompanied by increases in 

reticulocyte counts. The MCV of the 640 mg/kg group was 5 % lower (45.9 fL) than the MCV of the vehicle 

control group (48.3 fL), and this was considered biologically significant. Reticulocyte counts were increased 

in both the 320 and 640 mg/kg rifabutin groups, with the maximum increase in the 640 mg/kg group. While 

not statistically significant, these increases were considered treatment related. The mean reticulocyte counts 

of these groups were 1.5 times (6.6 x 105/mm3
) and 1.8 times (8.1 x 105/mm3

) the mean reticulocyte count 

of the vehicle control group (4.5 x 105/mm3
). 

Platelet counts (Figure 6 and Table AI) were also increased in male mice administered 320 or 640 mg/kg 

rifabutin, with respective mean platelet counts 1.3 times (1,300 x 103/mm3
) and 1.4 times (1,357 x 103/mm3

) 

the mean platelet count of vehicle controls (992 x 103/mm3
). 

The mean WBC counts (Figure 7 and Table AI) were slightly increased in both the 320 and 640 mg/kg rifabutin 

groups, with mean WBC counts 1.2 times (8.24 x 103/mm3
, "8.26 x 1if/mm3

) the mean WBC count in the 

vehicle control group (6.97 x 103/mm3
). Corresponding segmented neutrophil counts (Figure 8 and Table AI) 

were 1.8 times (1.75 x 103/mm3
) and 2.0 times (2.04 x 103/mm3

, P~O.Ol) the mean neutrophil count of the 

vehicle controls (1.00 x 103/mm3
). 
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Female-A Mice 

Administration of rifabutin alone to female-A mice had no impact on RBC, reticulocyte, or platelet counts. The 

MCV of the 640 mg/kg rifabutin group was 4% less (47.0 fL) than the mean MCV value of the vehicle control 

group (49.1 fL); however, this decrease in MCV was not by itself considered biologically significant. 

There was a marked increase in the WBC count (Figure 7 and Table A2) of the 640 mg/kg rifabutin group. 

The mean WBC count of female-A mice administered 640 mg/kg rifabutin was 1.5 times (11.18 x 103/mm3
, 

P:::;;O.Ol) the mean in the vehicle controls (7.68 X 103/mm3). Evaluation of the differential data revealed 

increases in both neutrophil and lymphocyte counts. The mean segmented neutrophil count (Figure 8 

and Table A2) and lymphocyte count (Figure 9 and Table A2) of the 640 mg/kg group were, respectively, 

1.5 times (3.85 x 103/mm3
, P:::;;0.05) and 1.4 times (6.70 x 103/mm3

) the corresponding counts of the vehicle 

control group. An increase in the number of large undifferentiated cells (LUC) was also observed in the 

640 mg/kg group (0.25 x 103/mm3, P:::;;O.OI) compared to the vehicle control group (0.05 X 103 /mm3
; 

Table A2). This increase in LUC may have occurred secondarily to the mild hematopoietic regenerative 

response with release of undifferentiated precursors or may have been associated with an atypical lymphoid or 

monocytoid population. 

Female-B Mice 

Administration of 80, 320, or 640 mg/kg rifabutin alone to female-B mice had no effect on any of the 

erythrocyte parameters evaluated with the exception of the reticulocyte count of the 640 mg/kg group 

(Table A3). The mean reticulocyte count of mice receiving 640 mg/kg rifabutin was 1.5 times 

(7.0 x 105/mm3) that observed in the vehicle control group (4.6 x 105/mm3
). Although not statistically 

significant, this increase was considered biologically sigmficant. 

Platelet count also appeared to be increased in the 640 mg/kg group, with the mean platelet count for this group 

1.3 times (1,644 x 103/mm3
) that of the vehicle control group (1,262 x 103/mm3

). 

No effects on WBC counts or differentials were apparent in female-B groups treated with rifabutin alone. 
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AZT and Rifabutin Combinations 

Male Mice 

Administration of 200 or 400 mg/kg AZT + SO, 320, or 640 mg/kg rifabutin resulted in a treatment-related 

anemia of far greater severity than due to treatment with AZT alone. Respective mean RBC counts (Figure 5 

and Table AI) of male mice treated with 200 mg/kg AZT + SO, 320, or 640 mg rifabutin were 14% 

(S.15 x 106/mm3,P~0.05),26%(6.99 x 106/mm3,P~0.01),and56%(4.13 x lO6/mm3,P~0.01)lowerthan 

the mean RBC count of the vehicle control group (9.47 X 106/mm\ For the groups treated with 400 mg/kg 

AZT + 80,320, or 640 mg/kg rifabutin, the mean RBC counts were 22% (7.43 x 106/mm3
, P~O.OI), 36% 

(6.09 x 106/mm3, P~O.OI), and 76% (2.31 x 106/mm3, P::;O.OI) lower than the mean count of the vehicle 

control group (9.47 x lO6/mm3). Rgb concentrations and Rct values paralleled the decreased RBC counts 

(Table AI). 

With the exception of the 400 mg/kg AZT + 640 mg/kg rifabutin groups, macrocytic changes in erythrocytes 

were greater with administration of both AZT and rifabutin than with AZT alone. Increases in MCVs were 

apparent with 200 mg/kg AZT + 80 or 320 mg/kg rifabutin, with lesser increases apparent with 400 mg/kg 

AZT + 80 or 320 mg/kg rifabutin. Decreases in MCVs were apparent in the 400 mg/kg AZT + 640 mg/kg 

rifabutin groups. Mice treated with 200 mg/kg AZT + 80 or 320 mg/kg rifabutin had respective MCVs that 

were 6% (51.3 fL) and 13% (54.6 fL, P::;O.Ol) higher than the value of the vehicle controls (4S.3 fL). The 

MCV s of the corresponding 400 mg/kg AZT + 80 or 320 mg/kg rifabutin groups had smaller changes in MCV 

with volumes 7% (51.8 fL) and S% (52.2 fL) higher than that of the vehicle controls (48.3 fL). The high dose 

combination group had decreased MCV s compared to the increased MCV s observed in lower dose combination 

groups. The MCV for the 400 mg/kg AZT + 640 mg/kg rifabutin group was 18% lower (39.7 fL, P::;O.Ol) 

than that of the vehicle controls (48.3 fL). The marked decrease in MCVs of the 400 + 640 mg/kg group was 

also associated with a marked decrease in reticulocyte count, which was 76% lower (1.1 x 105/mm3) than the 

mean for the vehicle control group (4.5 x 105/mm3). Reticulocyte counts of other combination treatment 

groups tended to be increased above those observed in the vehicle controls. Counts of the 200 + 640 mg/kg 

group were 1.4 times (6.3 x lO5/mm3) that of the vehicle controls (4.5 x lO5/mm3), and counts of the 

400 + 320 mg/kg group were 1.6 times (7.3 x 105/mm3) that of the vehicle controls (4.5 x 105/mm3). An 

additional change of a markedly increased mean cell hemoglobin concentration (MCRC) was evident in the 

group treated with the highest doses ofboth compounds, which was suggestive of hemolysis. The MCRC value 

was 1.5 times (40.1 g/dL, P::;O.OI) the MCRC (34.9 g/dL) of the vehicle controls. 

Combination administration of AZT and rifabutin caused treatment-related thrombocytosis. Respective mean 

platelet counts (Figure 6 and Table AI) of male mice administered 200 mg/kg AZT + 80,320, or 640 mg/kg 
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rifabutin were 1.5 times (1,439 x 103/mm3), 1.5 times (1,497 x 103/mm3, P~0.05), and 1.9 times 

(1,921 x 103/mm3, P~O.OI) the mean observed in the corresponding vehicle control group (992 x 103/mm3). 

For the groups receiving 400 mg/kg AZT + 80,320, or 640 mg/kg rifabutin, respective mean platelet counts 

were 1.7 times (1,693 x 103/mm3, P~O.OI), 1.6 times (1,562 x 103/mm3, P~0.05), and 2.2 times 

(2,135 x 103/mm3, P~O.OI) times the mean platelet count of the vehicle control group (992 x 103/mm3). 

No biologically significant changes in differential WBC counts occurred with administration of 200 mg/kg 

AZT + 80, 320, or 640 mg/kg rifabutin. Treatment-related decreases in WBC, neutrophil, and lymphocyte 

counts were observed in male mice treated with 400 mg/kg AZT + 320 or 640 mg/kg rifabutin. Respective 

mean WBC counts (Figure 7 and Table AI) of male mice receiving 400 mg/kg AZT + 320 or 640 mg/kg were 

28% (5.04 x 103/mm3) and 58% (2.92 x 103/mm3) lower than the mean of the vehicle controls 

(6.97 x 103/mm3). Neutrophil counts (Figure 8 and Table AI) of these same two groups were 7% 

(0.93 x 103/mm3) and 26% (0.74 x 103/mm~lowerthanthevehiclecontrolgroupmean(1.00 x 103/mm3). 

Lymphocyte counts (Figure 9 and Table AI) of male mice administered 400 mg/kg AZT + 320 or 640 mg/kg 

rifabutin were, respectively, 32% (3.77 x 103/m.m3) and 63% (2.05 x 103/mm3) lower than the mean 

lymphocyte count in the vehicle controls (5.53 x 103/mm3). Significant alterations were not evident in other 

WBC differentials. 

Female-A Mice 

Administration of AZT and rifabutin to female-A mice resulted in severe anemia far greater than that 

subsequent to the administration of AZT alone. Respective mean RBC counts (Figure 5 and Table A2) of 

female mice receiving 200 mg/kg AZT + 80 or 320 mg/kg rifabutin were 19% (7.11 x 106/mm3, Ps:O.Ol) 

and31% (5.99 x 106/mm3,Ps:0.Ol)10werthanthevehiclecontrols(8.74 x 106/mm3). RespectivemeanRBC 

counts of female-A mice administered 400 mg/kg AZT + 80 or 320 mg/kg rifabutin were 20% 

(6.96 x 106/m.m3, Ps:O.Ol) and 67% (2.85 x 106/m.m3, P~O.OI) lower than the mean of the vehicle controls 

(8.74 x 106/m.m3). Female-A mice that received 200 or 400 mg/kg AZT + 640 mg/kg rifabutin did not 

survive, apparently because of the severity of the anemia. In general, Hgb concentrations and Hct values 

decreased in a manner similar to the decreasing RBC counts. Marked increases in MCV (greater than that 

observed with AZT alone) were observed in female-A mice administered 200 mg/kg AZT + 80 or 320 mg/kg 

rifabutin and in those administered 400 mg/kg AZT + 80 mg/kg rifabutin with respective MCV s 17 % (57.3 fL, 

Ps:O.Ol), 18% (58.0 fL, Ps:O.Ol), and 16% (57.1 fL, Ps:O.Ol) higher than the MCV of the vehicle control 

group (49.1 fL). This macrocytosis occurred without appreciable increases in reticulocyte counts of these 

groups, although a slightly increased count (1.3 times the vehicle control group count) was observed in the 

group administered 400 mg/kg AZT + 80 mg/kg rifabutin (5.4 x 105/mm~. The MCV observed in the 
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female-A mice administered 400 + 320 mg/kg had decreased towards a volume near normal. This group also 

had a marked decrease in reticulocyte count with the mean reticulocyte count 41 % lower (2.4 x 105/mm3) than 

that observed in the vehicle control group (4.1 x 1Q5/mm3). The MCHC of mice administered 

400 + 320 mg/kg was slightly higher (36.3 g/dL) than the vehicle control group MCHC (34.1 g/dL), with two 

of three mice analyzed having MCHCs greater than the range observed in the vehicle control mice. In general, 

alterations in MCH values paralleled the changes in MCV. 

Mild thrombocytosis (Figure 6 and Table A2) was present only in female-A mice administered 400 mg/kg 

AZT + 320 mg/kg rifabutin, with the mean platelet count 1.6 times (2,279 x 103/mm3) that of the vehicle 

control group (1,382 x 103/mm3). 

WBC counts (Figure 7 and Table A2) were not appreciably different from the vehicle control group in female-A 

mice administered 200 mg/kg AZT + 80 or 320 mg/kg rifabutin. In mice administered 400 mg/kg AZT + 80 

or 320 mg/kg rifabutin. WBC counts were moderately decreased, with respective mean WBC counts 31 % 

(5.32 x 103/mm3, P:s;0.05) and 43 % (4.34 x 103/mm3) lower than in the vehicle controls (7.68 x 103/mm3). 

Decreases in segmented neutrophil counts (Figure 8 and Table A2) were observed in all combination treatment 

groups of female-A mice, with respective neutrophil counts for the groups administered 200 mg/kg AZT + 80 

or 320 mg/kg rifabutin and 400 mg/kg AZT + 80 or 320 mg/kg rifabutin, 55% (1.19 x 103/mm3, P:s;O.OI), 

37% (1.66 x 103/mm3
), 59% (1.07 x 103/mm3

, P:s;O.OI), and 65% (0.91 x 103/mm3
) lower than the mean 

count of the vehicle control group (2.62 x 103/mm3
). Biologically significant differences in other WBC 

differentials were not observed (Table A2). 

FemaIe-B Mice 

Values for hematology parameters with variance and statistically significant differences are listed in Table A3. 

Slight decreases in RBC count were observed only in female-B mice administered 200 or 400 mg/kg 

AZT + 640 mg/kg rifabutin, with the respective mean RBC counts of these groups 10% (7.63 x 106/mm3, 

P:s;0.05) and 13% (7.33 x 106/mm3
, P:s;O.OI) lower than that of the corresponding vehicle controls 

(8.44 x 106/mm3
). While the other combination treatment groups offemale-B mice did not exhibit significant 

changes in mean RBC counts, low individual RBC counts were present in all combination treatment groups, 

with the exception of 200 + 80 mg/kg. when counts were compared to the range of counts observed in the 

vehicle control group. In general, Hgb concentrations and Hct values paralleled RBC counts. In addition to 

low incidences of anemia in all combination treatment groups, MCV s were increased in all combination 

treatment groups in an apparent dose-related manner. The MCVs of female-B mice treated with 200 mg/kg 

AZT + 80, 320, or 640 mg/kg rifabutin were, respectively. 5% (54.0 fL), 6% (54.7 fL, P:s;O.Ol). and 10% 
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(56.6 fL, P:;;;O.Ol) higher than the vehicle control MCV (51.4 fL). The MCVs of mice treated with 400 mg/kg 

AZT + 80, 320, or 640 mg/kg rifabutin were 4% (53.4 fL), 6% (54.4 fL, Ps;O.05), and 12% (57.4 fL, 

P:;;;O.Ol) higher than that of the vehicle control group (51.4 fL). In general, a slight increase in reticulocyte 

numbers paralleled the increase in MCV. In female-B mice administered 200 mg/kg AZT + 320 or 640 mg/kg 

rifabutin, mean reticulocyte counts were 1.2 times (5.7 x 105/mm3) and 1.6 times (7.3 x 105/mm3
) that of the 

vehicle controls (4.6 x 105/mm3
). In mice administered 400 mg/kg AZT + 80,320, or 640 mg/kg rifabutin, 

mean reticulocyte counts were, respectively, 1.2 times (5.5 x 105/mm3
), 1.6 times (7.4 x 105/mm3

), and 

2.0 times (9.0 x 105/mm3
) that of the vehicle controls (4.6 x 105/mm3). There were marginal changes in 

MCHC in some of the combination treatment groups, and they were not considered biologically significant. 

Platelet counts were appreciably increased only in combination treatment groups treated with 200 or 400 mg/kg 

AZT + 640 mg/kg rifabutin, with respective mean platelet counts 1.3 times (1,608 x 103/mm3) and 1.4 times 

(1,786 x 103/mm3) the vehicle controls (1,262 x 103/mm3
). 

Increases in mean WBC count were observed in female-B mice administered 200 + 640 mg/kg and in groups 

administered 400 mg/kg AZT + 320 or 640 mg/kg rifabutin, and were 1.3 times (6.40 x 103/mm3), 1.4 times 

(6.71 x 103/mm3) , and 1.7 times (8.46 x 103/mm3) higher than counts of the vehicle control group 

(4.92 x 103/mm3). Slight increases in segmented neutrophil count and lymphocyte count accompanied 

increases in WBC count, with the maximum change observed in the 400 + 640 mg/kg group. Mean neutrophil 

and lymphocyte counts in this group were 2.1 times (2.27 x 103/mm3
) and 1.6 times (5.63 x 103/mm3

) higher 

than the corresponding counts observed in vehicle control group (1.06 x 103/mm3
, 3.54 x 103/mm3). Other 

differential counts were either unchanged (basophils, LUC) or slightly increased (monocytes, eosinophils). 

Hematology Summary 

Treatment with AZT alone resulted in mild anemia in both male and female mice with macrocytic changes of 

the erythrocytes and no appreciable changes in reticulocyte numbers. The changes in erythrocyte parameters 

were most prominent in the female-A mice and less prominent in the males with few changes in the female-B 

mice. This pattern of response parallels the duration of treatment with the female-A mice having received AZT 

for the longest period (28 to 32 days) of time and the female-B mice having received AZT for the shortest 

period (10 days). The greater effect of prolonged treatment on RBC counts is due to both the short life span 

(approximately 30 days) of erythrocytes in mice (Jain, 1986) and possibly also due to a cumulative effect of 

AZT. Macrocytosis, as observed in this study, is a common observation in humans treated with AZT 

(Snower and Weil, 1993). The etiology for this macrocytosis is uncertain, but AZT may cause a drug-induced 

macrocytosis by inhibition of thymidylate kinase (via AZT monophosphate) with decreased levels of thymidine 
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triphosphate available for DNA synthesis, or by inhibition of mammalian DNA polymerase which occurs at a 

100-fold greater concentration ofAZT than that necessary to inhibit reverse transcriptase (Herzlich et ai., 1990; 

Snower and Wei!, 1993). In male mice, the mild anemia observed with AZT was accompanied by histopatho­

logic observations of splenic hematopoietic cell proliferation in both the 200 and 400 mg/kg AZT treatment 

groups. This indicates a mild regenerative stimulus is present, even though reticulocytosis was not evident. 

The sporadic mild thrombocytosis observed in all three groups is probably due to the overall mild regenerative 

response present and probably indicates a lesser effect of AZT alone on platelet production than on RBC 

production. The decreases in WBC, neutrophil, and lymphocyte counts observed in males and female-A mice 

and the lack of such an effect in the female-B mice suggest a mild duration of treatment-related cumulative 

effect of AZT on production of neutrophils and lymphocytes. 

In evaluating the results from all three groups ofmice treated with rifabutin alone, rifabutin was associated with 

slightly decreasing RBC counts (male mice only) and increasing reticulocyte counts (male and female-B mice), 

and decreasing mean cell volumes (male and female-A mice) at the high doses ofrifabutin only. These results 

suggest that rifabutin alone causes a mild normocytic regenerative anemia at lower doses; however, at 

640 mglkg, either peripheral destruction oferythrocytes or altered hematopoiesis leads to production ofsmaller 

erythrocytes. The sporadic increases in platelet counts observed in male and female-B mice administered 

rifabutin alone are compatible with an overall nonspecific response to a regenerative stimulus. Splenic 

hematopoietic cell hyperplasia was observed in all three rifabutin groups in male mice, indicating that a 

regenerative stimulus was present. 

The mild leukocytosis and neutrophilia observed in male and female-B mice groups administered rifabutin alone 

may have been due to the overall regenerative stimulus; however, they may also have been due to an 

inflammatory stimulus. Bone marrow myeloid hyperplasia was observed in a small number of male mice and 

is consistent with lung and sporadic liver mixed cell infiltrates observed in male mice in the 320 and 640 mg/kg 

rifabutin groups. These inflammatory foci may have been associated with the leukocyte responses. In female-A 

mice administered rifabutin alone, mixed cell infiltrates in the liver were also present in a majority of the 

640 mg/kg group, and some of the mice in the 320 mg/kg rifabutin group. Additionally, chronic active 

inflammation observed histopathologically in the stomach in 11 of 17 female mice in the 640 mg/kg group may 

also have contributed to an inflammatory response. 

The hematologic changes that occurred with the combination of AZT and rifabutin indicated a more severe 

anemia with the combination therapy than with either compound alone. The hematopoietic toxicity observed 
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with combination therapy was both dose- and duration-of-treatment -dependent. The female-A mice, which were 

administered AZT and rifabutin for the longest period (28 to 32 days), exhibited the most severe anemia. The 

female-B mice, which were administered the combination of AZT and rifabutin for only 10 days, exhibited the 

smallest changes in erythrocyte counts. The MeV increased early in lower dose combination groups and 

decreased late in higher dose combination groups. These changes indicate that dysplastic erythropoiesis was 

occurring, with a regenerative stimulus present at early time points and at low dose combinations, but not at 

high dose combination treatments. This and the decrease in reticulocyte count observed with time and increased 

dose suggest a cumulative effect of the combination of AZT and rifabutin. At the higher dose combinations, 

the microcytic erythrocytic changes observed could also indicate a hemolytic component, which is also 

suggested by the increased MeRes; however, the primary component was considered to be erythroid 

hypoplasia. Splenic hematopoietic cell proliferation and erythroid depletion of the bone marrow was observed 

in male mice administered 200 or 400 mglkg AZT + 320 or 640 mglkg rifabutin, further indicating more 

severe hematopoietic toxicity. 

The mild leukopenia and decreases in neutrophil and lymphocyte counts observed in male mice treated with 

AZT and rifabutin occurred in spite of the presence of mixed cell infiltrates in the lung, liver, and stomach 

observed histologically. This suggests that the mice were not able to mount an appropriate response to the 

inflammatory stimulus due to hematopoietic cell damage. In female-A mice, mixed cell infiltrates were also 

prominent in the liver and stomach of some of the combination therapy groups, concurrent with leukopenia. 

Clinical Chemistry 

AZTAlone 

Values for clinical chemistry parameters with variance and statistically significant differences are listed in 

Tables A4 and A5. Evidence of liver toxicity was not observed with administration of200 or 400 mglkg AZT 

in male mice. Slight nonspecific increases in mean alkaline phosphatase (ALP) activities were observed in 

female-A mice, with mean ALP activities of200 and 400 mglkg AZT groups both 1.4 times (71 lUlL, 74 lUlL) 

the ALP activity of the vehicle control group (52 lUlL). This was not considered to be treatment related due 

to the lack of a dose-related effect and the lack of consistent corresponding hepatic lesions in these mice. 
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Rifabutin Alone 

No evidence of liver toxicity was observed with 80 mglkg rifabutin in either male or female mice. Treatment­

related increases in mean alanine aminotransferase (ALT) activity were observed in male and female-A mice 

treated with 320 or 640 mglkg rifabutin. The mean ALT activities of male mice in the 320 and 640 mglkg 

rifabutin groups were 1.3 times (35 lUlL) and 2.5 times (65 IU/L) the mean ALT activity of the corresponding 

vehicle control group (26 IU/L). In female-A mice, the ALT activities for the 320 and 640 mglkg rifabutin 

groups were 1.9 times (75 lUlL, Ps;0.05) and 4.1 times (159 lUlL, Ps;O.Ol) the mean ALT activity of the 

vehicle control group (39 lUlL). Accompanying these changes in female-A mice were increases in mean 

aspartate aminotransferase (AST) activity and mean bile acid concentration (Figure 10 and Table A5) of the 

640 mglkg rifabutin group, with values 1.7 (200 IU/L) and 2.1 (31 #LMIL, Ps;0.01) times the corresponding 

vehicle control values (118 lUlL, 15 #LM/L). 

In mice administered rifabutin alone, changes in ALT and AST activities and mean bile acid concentrations 

were considered to be related to the histopathologic changes of mixed cell inflammation and possibly focal 

necrosis in the liver, even though not all mice with histopathologic changes had alterations in clinical chemistry 

parameters. The slight decreases in Hct concentration observed in mice administered rifabutin alone were not 

sufficient to lead to tissue anoxia and contribute to the changes in liver enzyme activity or bile acid 

concentrations . 

AZT and Rifabutin CombinatWns 

No evidence of liver toxicity was observed in the 200 + 80 mglkg groups of male and female-A mice. Male 

mice in the 400 + 80 mg/kg group had a mean sorbitol dehydrogenase (SOH) activity 1.4 times the mean SOH 

activity of the vehicle control group; however, this was not considered biologically significant as only one of 

nine mice had increased SOH values as compared to the range observed in vehicle controls. Female mice in 

the 400 + 80 mg/kg group had no changes in clinical chemistry parameters suggestive of liver toxicity. 

Male mice receiving 200 or 400 mglkg AZT + 320 mglkg rifabutin had mean ALT activities 1.4 times 

(36 IU/L) and 1.6 times (41 IU/L) the vehicle control group (26 lUlL). SOH activity was also increased in the 

400 + 320 mglkg group, with mean SOH activity 1.5 times (30 lUlL) the mean SOH activity observed in 

vehicle controls (20 lUlL). In female-A mice in the 200 + 320 mg/kg group, the mean ALT activity was 

2.5 times (97 lUlL, Ps;O.Ol) that of vehicle control group (39 lUlL), and the total bile acid concentration 

(Figure 10) was 1.7 times (25 #LM/L) that of the vehicle control group (15 #LM/L). Two of three female mice 

in the 400 + 320 mglkg group, which had survived to hematology sampling, had increased ALP activities and 

total bile acid concentrations (Figure 10 and Table A5) when compared to the ranges in the vehicle control 
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FIGURE 10 
Mean Bile Acid Values for Male and Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations (*=data not available due to 
mortality. For variance and statistically significant differences, see Tables A4 and AS.) 
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group. Mean values for ALP activity and total bile acid concentration in this group were 1.6 times (82 lUlL) 

and 4.0 times (60 ,uM/L, P~0.01) that of the vehicle control group (52IU/L, 15 ,uM/L). 

Male mice in the 200 or 400 mg/kg AZT + 640 mg/kg rifabutin groups had increases in total bile acid 

concentration (Figure 10 and Table A4). Mean total bile acid concentrations of these two groups were 

3.6 times (54 ,uM/L, P~0.01) and 3.2 times (48 p.MIL, P~0.05) that of the vehicle control group (15 p.M/L). 

Data were not available from female-A mice treated with AZT + 640 mg/kg rifabutin because of early 

mortality. 

Administration of200 or 400 mg/kg AZT + 80 mg/kg rifabutin was not associated with any significant changes 

in liver enzyme activity or bile acid concentration. Administration of 200 mg/kg AZT + 320 or 640 mg/kg 

rifabutin was associated with similar or lower increases in ALT activity than observed with rifabutin alone. 

The reason for this is not clear. Male mice, but not female mice, had increases in SDH activities with 

combination treatment. Consistent increases in bile acid concentration were observed in males treated with 200 

or 400 mg/kg AZT + 640 mg/kg rifabutin and in female mice treated with 200 or 400 mg/kg 

AZT + 320 mg/kg rifabutin. The increases in liver enzyme activity were consistent with histopathologically 

observed liver pathology of mixed cell infiltration and possibly focal necrosis. The increases in mean bile acid 

concentration in AZT /rifabutin groups may have been due to greater incidences of severe anemia in these 

groups. Severe anemia could have led to tissue anoxia, which would correspond with the centrilobular atrophy 

observed histopathologically in the higher dose combination treatment groups. Since an increase in mean bile 

acid concentration was also observed with administration of rifabutin alone in females in the 640 mg/kg 

rifabutin group, and other enzyme activity values were affected, the anemia does not account for all of the 

changes in hepatic enzyme and bile acid activities observed in AZT/rifabutin combination treatment or rifabutin 

alone. 

Plasma AZT, GAZT, and Rifabutin Concentrations 

Plasma concentrations of AZT, AZT-~-D-glucuronide (GAZT), and rifabutin in male and female-A mice 

determined at 15 to 90 minutes after the last dose are listed in Table 4. In male mice that received AZT at 

400 mg/kg with rifabutin at 320 or 640 mg/kg, plasma concentrations of AZT and GAZT appeared to have 

increased when coadministered with 640 mg/kg of rifabutin as compared to the concentrations when 

coadministered with 320 mg/kg of rifabutin (Figure 11). In male mice that received rifabutin at 320 mg/kg, 

the plasma concentrations of rifabutin appeared to be similar with or without AZT coadministration. However, 

at 640 mg/kg of rifabutin, the plasma concentrations of rifabutin appeared to have increased when 

coadministered with AZT (Figure 13). Thus, in male mice there appear to be an interaction between AZT at 
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TABLE 4 

Mean Concentrations of AZT, GAZT, and Rifabutin (p.g/mL) in Plasma for Male and Female-A Mice in 
the Reproductive, Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

AZT GAZT Rifabutin 
Sample Time (minutes) Sample Time (minutes) Sample Time (minutes) 

15 30 60 90 15 30 60 90 15 30 60 90 

Male 

0+320 0.153 NDb 0.089 ND ND ND ND ND 11.1 12.8 15.9 15.7 

0+640 0.121c ND 0.102c ND ND ND ND ND 9.5 13.8 15.2 26.5 

400 + 320 71.8 68.7 38.1 14.2 1.03 1.63 0.740 0.161 10.9 12.1 19.8 14.1 

400 + 640 91.5 77.1 62.5 27.9 1.55 1.62 1.29 0.398 15.3 27.6 29.5 24.0 

Female-A 

0+80 0.088 ND 0.994c ND ND ND ND ND 4.57 5.06 5.62 5.65 

0+320 ND 0.204 0.817c ND ND ND ND ND 10.2 11.0 14.6 20.8 

0+640 0.152 0.152c 0.696 0.155c ND ND ND ND 9.67 12.3 18.7 14.5 

400 + 80 101.7 74.9 86.4 37.4 0.598 0.719 1.27 0.273 4.56 5.31 8.01 7.37 

400 + 320 83.5 82.3 78.8 52.4 0.587 0.766 1.24 0.462 8.57 11.8 15.7 20.1 

a Daily gavage doses of AZT + rifabutin (mg/kg per day)
b ND = Not detected; estimated detection limit for AZT=0.042; estimated detection limit for GAZT=0.078 

AZT concentration is based upon the value for one animal/time point; AZT was not detected in the sample from the other animal at the 
same time point. 

AZT and Rifabutin 

400 mg/kg and rifabutin at 640 mg/kg causing increases in plasma concentrations of both compounds. In 

female-A mice coadministration of 400 mg/kg of AZT with 80 and 320 mg/kg of rifabutin did not appear to 

affect the plasma concentrations of AZT, GAZT (Figure 12) or rifabutin (Figure 14). Results on the effect of 

coadministration of AZT at 400 mg/kg with rifabutin at 640 mg/kg are not available due to early mortality of 

female-A mice. 



Males 

-
Cd' 
8 100 
rn 
ro
0. 

...:l 
8 80

~ 
'OJ) 60 
~ 
c: 
0 
+l 40 
~ c: 
OJ 

c: 
C) 

20 --e­
0 

C,) --..- 400 mg AZf + 640 mg Rifabutin/kg/day 

400 mg AZf + 320 mg Rifabutin/kg/day 

0 
0 15 30 45 60 75 90 105 

Time (min) 

1.8 

Males 

0 
0 15 30 45 60 75 90 105 

Time (min) 

120 

g1.6 

-a 
rn 
ro

1.4 

.E. 
...:l

1.2 

~ 1 

'OJ) 

6 0.8 
c: 
0
+l 0.6 
ro 
.b 
50.4 
C)

c: ~ 400 mg AZf + 320 mg Rifabutin/kg/day

8 0.2 
--M­ 400 mg AZf + 640 mg Rifabutln/kg/day 

57 AZT and Rifabutin 

FIGURE 11 
Plasma Concentrations of AZT and GAZT for Male Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 
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FIGURE 12 
Plasma Concentrations of AZT and GAZT for Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 
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FIGURE 13 
Plasma Concentrations of Rifabutin for Male Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 
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Plasma Concentrations of Rifabutin for Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 
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NECROPSY OBSERVATIONS 

Gross lesions attributed to treatment with AZT, rifabutin, and AZT + rifabutin were seen in male, female-A, 

and female-B mice. Treatment-related lesions in male mice consisted of red carcass, small thymus, small 

spleen, enlarged spleen, mottled stomach, and foci in the stomach. Treatment-related lesions in female-A mice 

consisted of red carcass, small thymus, small spleen, enlarged spleen, mottled stomach, foci in the stomach, 

thick stomach, red stomach, and dilatation of the gallbladder. Red carcass was found only in male and 

female-A mice treated with rifabutin alone or AZT + rifabutin. Treatment-related lesions in female-B mice 

consisted of small thymus, enlarged spleen, and thick stomach. Nodular bone lesions, which involved the 

ventral aspect of the thoracic vertebrae or ribs near their junction with the vertebrae, were observed in most 

male and female-A mice and a few female-B mice. This lesion was attributed to mechanical irritation caused 

by the gavage needle during dosing. The remaining gross lesions were considered to be incidental or 

spontaneous. 

HISTOPATHOLOGIC OBSERVATIONS 

Photomicrographs of representative treatment-related lesions in adult mice (with accompanying summary, 

Table 5) are shown in Plates 1 through 17. 

TABLES 

Summary of Microscopic Examinations of Compound-Related Lesions in the Reproductive, 
Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

Dose and 
Treatment 

Groupa 
Tissue Magnification Plate Number Treatment-Related Lesions 

0+ 0, male 

400 + 640, male 

o+ 640, female-A 

0+ 0, male 

400 + 640, male 

400 + 640, male 

0+ 0, male 

400 + 640, male 

Liver 

Liver 

Liver 

Spleen 

Spleen 

Spleen 

Thymus 

Thymus 

160 x 

160x 

400 x 

160 x 

160x 

160x 

160x 

160x 

1 

2 

3 

4 

5 

6 

7 

8 

None 

Hepatocellular cytoplasmic alteration, centrilobular 
atrophy 

Mixed cellular infiltration 

None 

Hematopoietic cell proliferation 

Atrophy of red pulp and lymphoid follicles 

None 

Thymic atrophy 
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TABLES 
Summary of Microscopic Examinations of Compound-Related Lesions in the Reproductive, 
Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

Dose and 
Treatment 

Group 

0+ 0, male 

400 + 640, male 

0+ 0, male 

0+ 640,male 

400 + 640, male 

0+ 0, male 

0+ 640, male 

0+ 0, male 

400 + 640, male 

Tissue 

Mesenteric lymph 
node 

Mesenteric lymph 
node 

Bone marrow 

Bone marrow 

Bone marrow 

Glandular 
stomach 

Glandular 
stomach 

Forestomach 

Forestomach 

Magnification 

160x 

160x 

160x 

160 x 

160x 

160 x 

160x 

160x 

160x 

Plate Number 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Treatment-Related Lesions 

None 

Atrophy of lymphoid cells 

None 

Myeloid cell hyperplasia 

Depletion of erythroid cells 

None 

Cystic degeneration 

None 

Epithelial hyperplasia, chronic active 
inflammation 

a Daily gavage doses of AZT + rifabutin (mg/kg per day) 

Treatment-Related Lesions 

AZT 
Treatment-related lesions were seen in the liver of male and female-A-mice and in the spleen of male mice. 

The treatment-related liver change (Tables 6 and 7) observed in male and female mice was designated 

"cytoplasmic alteration, hepatocyte." This consisted of a homogeneous, eosinophilic appearance of the 

hepatocellular cytoplasm and was suggestive of the absence ofnormally occurring glycogen. This morphologic 

alteration evident in hepatocytes likely represents a physiological response to diminished food intake (Harada 

et al., 1999) and weight loss as opposed to a direct cellular response to the test article. The change was present 

primarily in the centrilobular areas. Hepatocellular cytoplasmic alteration was graded for severity based on the 

following criteria: 

Minimal - approximately 15 % or less of hepatocytes with cytoplasmic alteration 

Mild - approximately 16 % to 50 % of hepatocytes with cytoplasmic alteration 

Moderate - approximately 51 % to 90 % of hepatocytes with cytoplasmic alteration 



 

 

 

  
 

  

PLATE 1 
Liver of a vehicle control male Swiss (CD-1®)  mouse showing no lesions.  
H&E; 160 x 

PLATE 2
Liver of a male Swiss (CD-1®) mouse given 400 mg  AZT + 640 mg rifabutin 
per kg body weight per day by gavage for  3 weeks showing hepatocellular 
cytoplasmic alteration and centrilobular atrophy. H&E;  160x 

PLATE 3 
Liver of a female Swiss (CD-1®) mouse given 640 mg rifabutin per kg body 
weight per day by gavage for 4 weeks showing mixed cellular infiltration 
around central vein. Phagocytic cells contain intracytoplasmic pigment (arrow). H&E; 
400 x 



 



 

 

   
   

 

 
 

PLATE 4 
Spleen of a vehicle control male Swiss (CD-1®) mouse showing no lesions.  
H&E; 160  X 

PLATE 5 
Spleen of a male Swiss (CD-1®) mouse given 400 mg AZT + 640 mg rifabutin 
per kg body weight per day by gavage for 3 weeks showing hematopoietic cell 
proliferation. H&E; 160 x 

PLATE 6 
Spleen of a male Swiss (CD-1®) mouse given 400 mg AZT + 640 mg rifabutin 
per kg body weight per day by gavage for 3 weeks showing atrophy of red pulp and 
lymphoid follicles. H&E; 160 x 



 



 

  
  

   
 

  

 
  

 

  

  

 

PLATE  7  
Thymus of a vehicle control male Swiss (CD-I®) mouse showing no lesions. 
H&E; 160 x  

PLATE 8 
Thymus of a male Swiss (CD-I®) mouse given 400 mg AZT + 640 mg 
rifabutin per kg body weight per day by gavage for 3 weeks showing thymic 
atrophy. H&E; 160 x 

P
 

LATE  9  
Mesenteric lymph node  of a vehicle  control male Swiss (CD-1®) mouse showing 
no lesions. H&E; 160 x  

PLATE 10 
Mesenteric lymph node of a male Swiss (CD-1®) mouse given 400 mg 
AZT + 640 mg rifabutin per kg body weight per day by gavage for 3 weeks 
showing atrophy of lymphoid cells. H&E; 160 x 



 



 

 
 

PLATE 11  
Bone  marrow  of a vehicle  control male Swiss (CD-1®) mouse showing no  
lesions. H&E; 160 x  

 
PLATE 12  
Bone marrow of a male Swiss (CD-1®) mouse given  640 mg rifabutin  per kg  
body weight per day by gavage for 3 weeks showing myeloid cell hyperplasia.  
H&E; 160 x  

 
 

    
    

 

PLATE 13 
Bone marrow of a male Swiss (CD-1®) mouse given 400 mg AZT + 640 mg 
rifabutin per kg body weight per day by gavage for 3 weeks showing depletion 
of erythroid cells. H&E; 160 x 



 



 

  
 

PLATE 14  
Glandular stomach of a vehicle  control male  Swiss (CD-1®) mouse showing no  
lesions. H&E;  160 x  

PLATE 15  
Glandular stomach of a male  Swiss (CD-1®) mouse given 640 mg rifabutin per  
kg body weight per day by  gavage for 3 weeks showing cystic degeneration.  
H&E; 160 x  

  

 

  
 

  
 

PLATE 16  
Forestomach of a  vehicle control male Swiss  (CD-1®) mouse showing no  
lesions. H&E; 160 x  

PLATE 17 
Forestomach of a male Swiss (CD-1®) mouse given 400 mg AZT + 640 mg 
rifabutin per kg body weight per day by gavage for 3 weeks showing epithelial 
hyperplasia and chronic active inflammation. H&E; 160 x 
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Marked - approximately 91 % to 100% of hepatocytes with cytoplasmic alteration 

Although hepatocellular cytoplasmic alteration was seen in male and female vehicle control mice, the incidences 

were increased in male and female mice receiving 200 or 400 mg/kg AZT. The increased incidences of 

hepatocellular cytoplasmic alteration were not dose related in male or female mice. 

A treatment-related increase in the incidences of splenic hematopoietic cell proliferation was seen in male mice 

(spleen was not examined histopathologically in the female-A mice),although the incidences were not dose 

related. Splenic hematopoietic cell proliferation was graded for severity based'on the following criteria: 

Minimal - approximately 15 % or less of red pulp occupied by hematopoietic cells 

Mild - approximately 16% to 50% of red pulp occupied by hematopoietic cells 

Moderate - approximately 51 % to 90% of red pulp occupied by hematopoietic cells 

Marked - approximately 91 % to 100% of red pulp occupied by hematopoietic cells 

TABLE 6 
Incidence and Mean Severity of Histopathologic Alterations in the Liver of Male and Female-A Mice 
in the Reproductive, Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

Lesionb 

Cytoplasmic Alteration Mixed Cellular infIltration Centrilobular Atrophy 


MaleC Female-Ad MaleC Female-Ad MaleC Female-Ad 


0+0 1 (2.0) 3 (2.0) 0 0 0 0 

0+80 5 (2.6) 8 (2.3) 0 0 0 0 

0+320 5 (2.8) 9 (2.6) 1 (2.0) 7 (1.0) 0 0 

0+640 7 (2.4) 4 (2.5) 9 (1.2) 16 (1.5) 0 0 

200 + 0 7 (2.1) 8 (2.1) 0 0 0 0 

200 + 80 4 (2.3) 12 (2.3) 0 0 0 0 

200 + 320 6 (2.7) 6 (3.2) 0 10 (1.0) 0 5 (1.8) 

200 + 640 8 (2.3) 20 (3.0) 5 (1.2) 0 0 17 (1.5) 

400 + 0 5 (2.2) 5 (2.6) 0 0 0 0 

400 + 80 6 (2.3) 7 (2.9) 0 1 (1.0) 0 0 

400 + 320 6 (2.3) 15 (3.0) 1 (1.0) 0 0 13 (1.8) 

400 + 640 10 (3.0) 16 (3.0) 10 (1.3) 2 (1.0) 5 (1.8) 14 (1.9) 

a Daily gavage doses of AZT + rifablltin (mglkg per day) 

b Incidence (number of animals with lesion) followed by the mean severity (which is based on the numeric scale of 1= minimal. 2=mild. 


3 =moderate, 4=marked) for the animals with the lesion 
C n=lO 
d n=20 
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TABLE 7 
Statistical Analysis of Mean Severity of Hepatocyte Cytoplasmic Alteration in the Liver 
of Male and Female-A Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 

Mean Severityb 

Female-Ad 

0+0 

0+80 

0+320 

0+640 

200 + 0 

200 + 80 

200 + 320 

200 + 640 

400+0 

400 + 80 
400 + 320 

400 + 640 

0.20 ± 0.20 

1.30 ± 0.47 

1.40 ± 0.50 

1.70 ± 0.40* 

1.50 ± 0.34 

0.90 ± 0.38 

1.60 ± 0.48 

1.80 ± 0.33 

1.10 ± 0.38 

1.40 ± 0.40 
1.40 ± 0.43 

3.00 ± 0.15** 

0.30 ± 0.16 

0.90 ± 0.26 

1.15 ± 0.31* 

0.50 ± 0.24 

0.85 ± 0.24 

1.35 ± 0.26 

0.95 ± 0.34 

2.95 ± 0.15** 
0.65 ± 0.26 

1.00 ± 0.32 
2.25 ± 0.33** 

2.40 ± 0.32** 

* 
** 
a 
b 

c 
d 

Significantly different (p~0.05) from the vehicle control group by Jonckheere's, Williams'. or Dunnett's tests 

P~O.OI 


Daily gavage doses of AZT + rifabutin (mg/kg per day) 

Data are presented as mean ± standard error for all animals in the dose group; mean severity is based on the numeric scale of 1=rninirnal. 

2=rnild. 3 =moderate, 4=marked 
n=1O 
n=20 

AZT and Rifabutin 

The splenic hematopoiesis involved primarily the erythropoietic cells and may have been a compensatory 

response to mild anemia in the AZT -treated mice. Incidences of the splenic alterations are listed in Table 8. 

and results of statistical analysis are presented in Table 9 and illustrated graphically in Figure 15. 

Rifabutin Alone 

Treatment-related lesions were seen in the liver, glandular stomach, bone marrow, spleen, and lung of male 

mice and in the liver, forestomach, glandular stomach, and thymus of female-A mice (bone marrow, spleen, 

and lung were not examined histopathologically in female mice). 

Treatment-related liver alterations consisted of hepatocellular cytoplasmic alteration and mixed inflammatory 

cell infiltrate in male and female-A mice (Tables 6 and 7). The morphologic appearance and the criteria for 

severity grading ofcytoplasmic alteration were similar to those described for mice treated with AZT. Although 

hepatocellular cytoplasmic alteration was seen in male and female vehicle control mice, the incidences of this 
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TABLES 

Incidence and Mean Severity of Histopathologic Alterations in the Spleen of Male Mice in the 
Reproductive, Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

Lesionb 

Hematopoietic Cell Lymphoid Follicle Red Pulp Atrophy Pigmentation 
Proliferation Atrophy 

0+0 

0+80 

0+320 

0+640 

200 + 0 

200 + 80 

200 + 320 

200 + 640 

400 + 0 

400 + 80 

400 + 320 

400 + 640 

0 

3 (1.7) 

10 (2.5) 

10 (2.7) 

8 (2.0) 

8 (1.8) 

10 (2.6) 

6 (3.2) 

7 (1.9) 

9 (2.3) 

7 (3.0) 

2 (4.0) 

0 

0 

0 

0 

0 

0 

0 

2 (1.5) 

0 

0 

0 

5 (2.2) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 5 (2.0) 

3 (2.0) 4 (2.3) 

0 0 

0 0 

2 (2.0) 2 (2.5) 

8 (2.1) 8 (2.6) 

a 	 Daily gavage doses of AZT + rifabutin (mg/kg per day) 
b 	 Incidence (number of animals with lesion; n= 10) followed by the mean severity (which is based on the numeric scale of 1 = minimal; 

2=mild; 3 = moderate; 4=marked) for the animals with the lesion 

TABLE 9 
Statistical Analysis of Mean Severity of Splenic Hematopoietic Cell Proliferation in Male Mice in the 
Reproductive, Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

Mean Severityb 

0+0 

0+80 

0+320 

0+640 

200 + 0 

200 + 80 

200 + 320 

200 + 640 

400 + 0 

400 + 80 

400 + 320 

400 + 640 

0.00 

0.50 ± 0.27 

2.50 ± 0.17** 

2.70 ± 0.15** 

1.60 ± 0.34 

1.40 ± 0.31 

2.60 ± 0.16 

1.90 ± 0.59 

1.30 ± 0.34 

2.10 ± 0.31 

2.10 ± 0.50 

0.80 ± 0.53 

** 	 Significantly different from the control group (P:!':O.OI) by Jonckheere's and Williams' or Dunnett's tests 
a 	 Daily gavage doses of AZT + rifabutin (mg/kg per day) 
b 	 Data are presented as mean ± standard error for all animals in the dose group; mean severity is based on the numeric scale of 

1 = minimal, 2=mild, 3=moderate, 4=marked; n=lO 
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FIGURE 15 

Severity of Splenic Hematopoietic Cell Proliferation Versus Dose in Male Mice in the Reproductive, 
Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 
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lesion were increased in all three rifabutin-treated groups compared with the vehicle control groups. The 

incidences ofcytoplasmic alteration were dose related in male mice but not in female-A mice. As with the mice 

treated with AZT alone, this morphologic alteration in the cytoplasm of hepatocytes likely represents a 

physiologic response to decreased feed consumption and concurrent body weight loss instead of a direct toxic 

response to rifabutin. 

Mixed cellular infiltration in the liver consisted of macrophages, small mononuclear cells, and occasional 

neutrophils within the liver parenchyma, with the heaviest aggregations often occurring adjacent to the 

interlobular and central veins. Mixed cellular infiltration was graded for severity based on the following 

criteria: 

Minimal - up to approximately 20 mixed inflammatory cells in any 100 X magnification field with 
inflammatory cells confined almost exclusively to perivascular areas 

Mild - approximately 21 to 50 mixed inflammatory cells in any 100 x magnification field with inflammatory 
cells primarily bordering blood vessels but occasionally occurring throughout liver parenchyma 

Moderate - approximately 51 to 150 mixed inflammatory cells in any l00x magnification field with 
inflammatory cells occurring in significant numbers throughout the liver parenchyma as well as in 
perivascular areas. 

The infiltrating macrophages frequently contained a reddish-brown homogeneous to finely granular 

intracytoplasmic pigment. The pigment was not identified, but it may have represented macrophage-sequestered 

rifabutin or a metabolite. The hepatic mixed cellular infiltration may have represented a host defense 

mechanism whereby rifabutin and/or metabolites were phagocytized and eliminated by inflammatory cells. 

A compound-related glandular stomach lesion seen in male and female mice was designated "cystic 

degeneration" (Table 10), which consisted ofvarying numbers ofdilated mucosal glands appearing as mucosal 

cysts. The mucosal cysts often contained cellular detritus and amorphous proteinaceous material, and the 

surrounding glandular epithelium varied in appearance from hyperplastic or hypertrophied to flattened or 

squamous. 
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TABLE 10 
Incidence and Mean Severity of Histopathologic Alterations in the Glandular Stomach of Male 
and Female-A Mice in the Reproductive, Developmental, and General Toxicity Study of AZT 
and Rifabutin Combinations 

Cystic Degeneration Chronic Active Inflammation 

Male Female-A Male Female-A 

0+0 

0+640 

200 + 320 

200 + 640 

400 + 320 

400 + 640 

0110 

10/10 (2.6) 

111 (3.0) 

10110 (2.8) 

111 (2.0) 

10/10 (3.0) 

NA 

16/17 (2.5) 

NA 

20/20 (3.3) 

NA 

20/20 (3.2) 

0110 

1110 (2.0) 

011 

3/10 (2.0) 

011 

1110 (3.0) 

NA 

11/17 (2.2) 

NA 

4/20 (2.0) 

NA 

7/20 (2.0) 

NA=Not examined (tissues were not required to be examined unless gross lesions were present) 
a Daily gavage doses of AZT + rifabutin (mg/kg per day); AZT alone, other doses of rifabutin alone, and AZT + 80 mg/kg rifabutin did 

not cause histopathologic alterations in the stomach 
b Incidence (number of animals with lesion) followed by the mean severity (which is based on the numeric scale of 1 =minimal; 2=mild; 

3=moderate; 4=marked) for the animals with the lesion 

Cystic degeneration of the glandular stomach was graded for severity based on the following criteria: 

Minimal - a few dilated mucosal glands that do not exceed approximately 50 ~m in diameter 

Mild - dilatation of approximately 50 to 100 p.m involving up to approximately 5 % of mucosal glands 

Moderate - dilatation of approximately 101 to 300 p.m involving up to approximately 10% ofmucosal glands 

Marked - dilatation of approximately 301 to 500 ~m or greater involving up to approximately 30% of 
mucosal glands 

In the female mice, and less frequently in the males, chronic active inflammation (Table 10), characterized by 

infiltration of neutrophils, lymphocytes, and macrophages, was present within the mucosa and submucosa of 

the glandular stomach. Chronic active inflammation of the glandular stomach was graded for severity based 

on the following criteria: 

Minimal - up to approximately 20 inflammatory cells in any 100 x magnification field (considered 
background change and not diagnosed) 

Mild - approximately 21 to 100 inflammatory cells in any 100x magnification field 

Moderate - approximately 101 to 500 inflammatory cells in any 100x magnification field 
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Faintly staining, reddish-brown pigment similar to that seen in liver macrophages was occasionally visible 

within the cytoplasm of the infiltrating macrophages. 

Compound-related forestomach epithelial hyperplasia (Table 11) was observed in both male and female mice 

but was more prominent in females. Epithelial hyperplasia of the forestomach was graded for severity based 

on the following criteria: 

Minimal - mucosal thickness (including keratin layer) of approximately 60 to 200 /Lm 

Mild - mucosal thickness of approximately 201 to 500 /Lm 

Moderate - mucosal thickness of approximately 501 to 1,000 /Lm 

Marked - mucosal thickness of approximately 1,001 /Lm or greater 

The forestomach hyperplasia in one female mouse that received 640 mg/kg rifabutin was accompanied by 

chronic active inflammation (Table 11), which was also considered to be compound related. Criteria for 

severity grading were similar to those used for inflammation of the glandular stomach. 

TABLE 11 
Incidence and Mean Severity of Histopathologic Alterations in the Forestomach of Male and Female-A 
Mice in the Reproductive, Developmental, and General Toxicity Study of AZT and Rifabutin 

Epithelial Hyperplasia Ulcer Chronic Active Inflammation 


Male Female-A Male Female-A Male Female-A 


0+0 0110 NA 0110 NA OlIO NA 

0+640 

200 + 320 

0110 

NA 

4/17 (1.8) 

NA 

0110 

NA 

0/17 

NA 

0110 

NA 

1117 (2.0) 

NA 

200 + 640 

400 + 320 

400 + 640 

2/10 (2.0) 

112 (3.0) 

6/10 (2.7) 

17/20 (3.2) 

NA 

16/20 (3.1) 

0110 

112 (2.0) 

1110 (4.0) 

12/20 (3.5) 

NA 

11/20 (3.5) 

1110 (2.0) 

0/2 

4110 (2.3) 

6/20 (2.7) 

NA 

4/20 (2.3) 

NA=Not examined (tissues were not required to be examined unless gross lesions were present) 
a Daily gavage doses of AZT + rifabutin (mg/kg per day); AZT alone, other doses of rifabutin alone, and AZT + 80 mg/kg rifabutin did 

not cause histopathologic alterations in the stomach 
b Incidence (number of animals with lesion) followed by the mean severity (which is based on the numeric scale of 1= minimal; 2=mild; 

3=moderate; 4=marked) for the animals with the lesion 
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Hematopoietic cell proliferation in the spleen (Table 8), myeloid cell hyperplasia in the bone marrow 

(Table 12), and mixed cellular infIltration in the lung (Table 13) were seen in male mice (spleen, bone marrow, 

and lung were not evaluated in female mice). The criteria for severity grading of splenic hematopoietic cell 

proliferation (Table 9, Figure 15) were similar to that described for mice treated with AZT. The splenic 

hematopoietic cell proliferation may have been a compensatory response to a mild anemia. Bone marrow 

myeloid cell hyperplasia (Table 12, Figure 16) was graded for severity based on the following: 

Minimal - up to an approximate 10% increase over normal in numbers of myeloid cells 

Mild - an approximate 11 % to 20% increase over normal in numbers of myeloid cells 

Mixed cell infIltration of the lung was graded for severity based on the following criteria: 

Minimal - up to approximately 20 inflammatory cells in any 100 x magnification field 

Mild - approximately 21 to 50 inflammatory cells in any 100 x magnification field 

Moderate - approximately 51 to 150 inflammatory cells in any 100 x magnification field 
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TABLE 12 
Incidence, Mean Severity, and Statistical Analysis of Mean Severity of Histopathologic Alterations 
in the Bone Marrow of Male Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 

Myeloid Hyperplasia 	 Erythroid Cell Depletion 

0+320 

0+640 

200 + 320 

200 + 640 

400 + 320 

400 + 640 

1 (1.0) 

6 (2.0) 

1 (1.0) 

3 (2.0) 

o 
1 (3.0) 

0 

0 

3 (1.0) 

5 (2.4) 

2 (2.0) 

9 (2.4) 

0.00 

0.00 

0.30 ± 0.15 

1.20 ± 0.42** 

0.40 ± 0.27 

2.20 ± 0.33** 

** 	 Significantly different (p~O.Ol) from the control group by Jonckheere's and Williams' or Dunnett's tests 
a 	 Daily gavage doses of AZT + rifabutin (mg/kg per day) 
b 	 Incidence (number of animals with lesion; n= 10) followed by the mean severity (which is based on the numeric scale of 1= minimal; 

2=mild; 3=moderate; 4=marked) for the animals with the lesion; data in the last column are presented as mean ± standard error, with 
mean severity for all animals in the dose group 

TABLE 13 
Incidence and Mean Severity of Mixed Cenular infiltration in the Lung of Male Mice in the Reproductive, 
Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 

Mixed Cellular Inflltrationb 

0+0 

0+80 

0+320 

0+640 

200 + 0 

200 + 80 

200 + 320 

200 + 640 

400 + 0 

400 + 80 

400 + 320 

400 + 640 

0 

0 

10 (1.6) 

10 (2.1) 

0 

1 (1.0) 

10 (1.8) 

10 (2.1) 

0 

0 

10 (1.7) 

10 (1.5) 

a 
b 

Daily gavage doses of AZT + rifabutin (mglkg per day) 
Incidence (number of animals with lesion; n=1O) followed by the mean severity (which is based on the numeric scale of 1= 
2=mild; 3=moderate; 4=marked) for the animals with the lesion 

minimal; 
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FIGURE 16 
Severity of Bone Marrow Erythroid Cell Depletion Versus Dose in Male Mice in the Reproductive, 
Developmental, and General Toxicity Study of AZT and Rifabutin Combinations 
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Mixed cell infiltration of the lung consisted of the presence of macrophages with fewer numbers of small 

mononuclear cells and neutrophils occurring singularly or in aggregates within the alveolar spaces. Most of 

the infiltrating macrophages contained a reddish-brown, amorphous, intracytoplasmic pigment similar in 

appearance to that observed within macrophages in the liver and stomach. Mixed cellular infiltration ofthe lung 

may have been a host defense mechanism against rifabutin andlor metabolites. 

Thymic atrophy (Table 14) was observed consistently in female-A mice but not in males and was considered 

to be treatment related. The lesion was graded for severity based on the following criteria: 

Minimal - depletion of approximately 5 % or less of cortical lymphocytes 

Mild - depletion of approximately 6 % to 20 % of cortical lymphocytes 

Moderate - depletion of approximately 21 % to 50% of cortical lymphocytes 

Marked - depletion of approximately 51 % or greater of cortical lymphocytes 

Although thymic atrophy was considered to be treatment related in female-A mice, the possibility that some of 

the effect may have been secondary to stress factors such as pregnancy was not discounted. 

With the exception of hepatocellular cytoplasmic alteration in female mice, the incidences of all lesions 

attributed to rifabutin administration were dose related. 

AZT and Rifabutin 

Treatment-related lesions were seen in the liver (Tables 6, 7, and 14), spleen (Tables 8 and 9), glandular 

stomach (Table 10), forestomach (Table 11), bone marrow (Figure 16 and Table 12), lung (Table 13), thymus 

(Table 15), and mesenteric lymph node of male mice. Treatment-related lesions in female mice were seen in 

the liver (Tables 6, 7, and 14), glandular stomach (Table 10), forestomach (Table 11), and thymus (Table 15). 

Spleen, bone marrow, lung, and lymph nodes were not evaluated in female mice. In male mice, 

coadministration of 400 mg of AZT with rifabutin at 640 mg and not at 320 mg appeared to have markedly 

increased the bone marrow erythroid cell depletion (Figure 16). Since rifabutin alone had no effect on bone 

marrow erythroid cell depletion, there appears to be an interaction to enhance the bone marrow toxicity ofAZT 

by rifabutin at higher doses. In general, the lesions caused by combination treatment with AZT and rifabutin 

in various tissues were similar to but more pronounced than those caused by treatment with AZT 

or rifabutin alone. 
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TABLE 14 
Statistical Analysis of Mean Severity of Hepatocellular Centrilobular Atrophy in Male and Female-A Mice 
in the Reproductive, Developmental, and General Toxicity Study of AZT and Rifabutin in Combinations 

Mean Severityb 

Female-Ad 

0+0 000 0.00 


200 + 80 000 0.00 


200 + 320 000 0.45 ± 019* 


200 + 640 0.00 1.30 ± 0 16** 


400 + 80 000 0.00 


400 + 320 0.00 1.20 ± 023** 


400 + 640 0.90 ± 0.31** 1.30 ± 023** 


* SIgmficantly dIfferent (PsO.05) from the vehIcle control group by Jonckheere's and Wllhams' or Dunnett's tests 
** PsO 01 
a Dally gavage doses of AZT + nfabutm (mg/kg per day), AZT alone or nfabutm alone dId not cause centrIlobular atrophy 
b Data are presented as mean ± standard error for all arumals m the dose group; mean seventy IS based on tlle numenc scale of 1=mtmmal, 

2=mIld, 3=moderate, 4=marked 
c n=lO 
d 	 n=20 

AZT and Rifabutin 

TABLE 15 
Incidence, Mean Severity, and Statistical Analysis of Mean Severity of Thymic Atrophy in Male 
and Female-A Mice in the Reproductive, Developmental, and General Toxicity Study of AZT 
and Rifabutin Combinations 

Atrophyb 

Male 	 Female-A 

0+320 

0+640 

200 + 320 

200 + 640 

400 + 320 

400 + 640 

1110 (1.0) 

0110 

4/10 (1.5) 

6/9 (1.5) 

6/9 (1.0) 

6/6 (2.5) 

0.10 ± 0.10 

000 

0.60 ± 0.31 

0.90 ± 0.31 ** 

0.60 ± 0.16 

1.50 ± 0.43** 

10 

9 

10 

10 

10 

10 

N/A 
10/16 (2.5) 

N/A 
20/20 (3.0) 

N/A 
20/20 (3.2) 

000 

1.25 ± 0.31 ** 

0.00 

3.00 ± 0.07** 

0.00 

3.20 ± 0.12** 

20 

20 

20 

20 

20 

20 

NA
** 	
a 	

b 	

= Not examtned (tIssue was not saved unless a gross leSIOn was present) 
SIgmficantly dIfferent (psO.01) from tlle control group by Jonckheere's and WIllIams' or Dunnett's tests 
Dally gavage doses of AZT + nfabunn (mg/kg per day); AZT alone and nfabunn at 80 mglkg alone or m combination WIth AZT dId not 
cause tllymtc atrophy 
InCIdence (number of ammals wltllleslOninumber of arumals exammed) followed by the mean seventy (WhICh IS based on the numenc scale 
of 1=mtmmal; 2=mIld; 3=moderate; 4=marked) for the arumals With tlle leSIon (second and fifth columns); data m the thrrd and SIXth 
columns are presented as mean ± standard error, wItll mean seventy for all ammals In tlle dose group; data m the fourth and seventh 
columns are the number of arumals examtned 
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Compound-related liver lesions seen in male and female-A mice included hepatocellular cytoplasmic alteration, 

mixed cellular infiltration, and centrilobular atrophy. Compound-related liver lesions seen in female mice only 

consisted of centrilobular necrosis. Cytoplasmic alteration and mixed cellular infiltration were graded for 

severity using the same criteria as that used in evaluating tissues from mice treated with AZT or rifabutin alone. 

Centrilobular atrophy was graded for severity based on the following criteria: 

Minimal - atrophy or necrosis of approximately 5 % or less of centrilobular hepatocytes 

Mild - atrophy or necrosis of approximately 6% to 15% of centrilobular hepatocytes 

Moderate - atrophy or necrosis of approximately 16 % to 50 % of centrilobular hepatocytes 

Although hepatocellular cytoplasmic alteration was seen in male and female vehicle control mice, incidences 

were increased in the AZT + rifabutin-treated groups (Tables 6 and 7). Incidences of cytoplasmic alteration 

in hepatocytes were not statistically significant in male or female mice treated with AZT alone. Rifabutin alone 

at 640 mg/kg in male mice resulted in a significant increase (P;s;0.05) in the mean severity of cytoplasmic 

alteration. Female mice administered 320 mg/kg rifabutin alone had a significant increase in the incidence 

(P;s;0.05) of hepatocyte cytoplasmic alteration, but this effect was not evident in the females treated with 

640 mg/kg rifabutin alone. For male mice that received 400 + 640 mg/kg, severity of cytoplasmic alteration 

was enhanced (P$O.Ol). Significant elevations (P$O.Ol) in the severity grades of cytoplasmic alteration also 

occurred in female groups treated with 200 + 320 mg/kg or 400 + 640 mg/kg. The degree of severity of 

cytoplasmic alteration in the high dose combination female group may have been low because of early deaths 

occurring prior to the development of the lesion. As previously discussed in groups receiving AZT and 

rifabutin alone, hepatocyte cytoplasmic alteration likely represents a physiologic response to decreased food 

intake with concurrent loss of body weight instead of a direct cellular response to the test compounds. 

Liver mixed cellular infiltration, which consisted of infiltration of small mononuclear cells, pigmented 

macrophages, and occasional neutrophils, was dose related in male but not in female mice. The absence of a 

dose-related pattern for liver mixed cell infiltration in female mice resulted from the fact that the lesion was 

infrequently seen in the female mice from the higher dose combination treatment groups that died early or were 

euthanatized moribund; it occurred primarily in mice that survived until terminal sacrifice. 

Liver centrilobular atrophy, which consisted of a paucity of hepatocytes in the centrilobular areas and which 

was probably a sequential change that followed centrilobular necrosis, was dose related in male and female 

mice; the incidences in females were higher than in males, and in females, it occurred primarily in those that 

died or were sacrificed moribund (Table 14). Centrilobular atrophy ofhepatocytes may have been a secondary 

response to severe anemia instead of a direct effect of the compounds on the liver parenchyma. A significant 
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elevation (Ps:O.Ol) occurred in the mean severity grade of centrilobular atrophy in male mice treated with 

400 + 640 mg/kg (Table 14). This morphologic alteration did not occur in any of the other male groups that 

received AZT or rifabutin alone or in any combination. Female mice were affected to a greater degree than 

males as increased incidences ofcentrilobular atrophy were evident in the group administered 200 + 320 mg/kg 

(Ps:0.05) as well as the group administered 200 + 640 mg/kg (Ps:O.Ol). Increased incidences of centrilobular 

atrophy also occurred in both female groups receiving 400 mg/kg AZT + 320 or 640 mg/kg rifabutin (Ps:O.Ol). 

The degree of severity appeared to reach a plateau around 1.3 in the high dose combination group because of 

the early deaths in this group. Centrilobular atrophy did not occur in female groups treated with AZT or 

rifabutin alone. Treatment-related centrilobular necrosis was seen in a few female mice, although the incidence 

was not dose related. 

Treatment-related forestomach lesions seen in male and female-A mice consisted ofepithelial hyperplasia, ulcer, 

and chronic active inflammation (Table 11). Female mice treated with 200 or 400 mg/kg AZT + 640 mg/kg 

rifabutin had significant elevations (P::;;O.OI) in severities of epithelial hyperplasia of the forestomach. The 

incidence of epithelial hyperplasia was also significant (P::;;O.Ol) in the male group administered 

400 + 640 mg/kg. Compound-related glandular stomach lesions seen in male and female mice consisted of 

cystic degeneration and chronic active inflammation (Table 10). The morphologic appearance and criteria for 

severity grading of the forestomach and glandular stomach lesions seen in AZT + rifabutin-treated mice were 

similar to those described for mice treated with rifabutin alone. Forestomach ulcer was graded for severity 

based on the following criteria: 

Minimal - area of mucosal ulceration up to approximately 300 /Lm in diameter 

Mild - area of mucosal ulceration approximately 301 to 600 /Lm in diameter 

Moderate - area of mucosal ulceration approximately 601 to 1,200 /Lm in diameter 

Marked - area of mucosal ulceration approximately 1,201 /Lm or greater in diameter 

Treatment-related thymic atrophy occurred in male and female-A mice (Table 15), whereas the following 

lesions were seen in male mice only (the tissues involved were not evaluated in female mice): bone marrow 

erythroid cell depletion, bone marrow myeloid cell hyperplasia, mesenteric lymph node atrophy, splenic 

lymphoid follicle atrophy, splenic red pulp atrophy, splenic hematopoietic cell proliferation, splenic 

pigmentation, and lung mixed cell infiltration. The morphologic appearance and criteria for severity grading 

of the thymic atrophy, bone marrow myeloid hyperplasia, splenic hematopoietic cell proliferation, and lung 

mixed cellular infiltration seen in AZT + rifabutin-treated mice were similar to those described for mice treated 

with rifabutin alone. 
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Erythroid cell depletion in the bone marrow corresponding with severe anemia was evident in male mice 

receiving 200 or 400 mg/kg AZT + 640 mg/kg rifabutin (Table 12, Figure 16). Bone marrow erythroid cell 

depletion was graded for severity based on the following criteria: 

Minimal - depletion of approximately 5 % or less of erythroid cells 

Mild - depletion of approximately 6% to 20% of erythroid cells 

Moderate - depletion of approximately 21 % to 50% of erythroid cells 

Atrophy of the mesenteric lymph node was evident in 40 % of male mice treated with 200 or 400 mg/kg 

AZT + 640mg/kg rifabutin. 

Splenic hematopoiesis, which may have been a compensatory response to anemia, was apparently negated in 

the higher dose combination groups by the atrophic effect of treatment on the splenic red pulp. The splenic 

pigmentation consisted of coarse, golden-brown granules that resembled hemosiderin within macrophages in 

the red pulp. Most of the macrophages that contributed to the mixed cell infiltration in the lung contained a 

reddish-brown, amorphous pigment, which may have represented rifabutin or a metabolite of rifabutin. 

Other Lesions 

Lesions not attributed to administration of either compound were seen in the liver ofmale and female mice and 

in the bone, kidney, mandibular lymph node, heart, lung, glandular stomach, urethra, and skin of male mice. 

Liver focal necrosis was seen in male and female-A mice from the vehicle control group and various treatment 

groups. Although the incidences were increased in some of the treatment groups over the vehicle control, a 

dose-related pattern was not evident, and the increase was considered to be incidental. Liver diffuse necrosis 

of marked severity was seen in one female-A mouse that received 400 mglkg AZT alone; this probably 

occurred as a result ofan incidental torsion of the affected liver lobe. Cartilaginous metaplasia, fibrosis, and/or 

necrosis involving bone were seen in several male mice. These lesions, which occurred sporadically in various 

groups including the control group, involved the thoracic vertebrae and ribs near their junction with the 

vertebrae. The bone sections were examined microscopically as a result of nodules or other lesions observed 

on the vertebrae or ribs at necropsy, and the lesions were attributed to mechanical irritation caused by the 

gavage needle during dosing. Kidney lesions seen in male mice that were considered incidental included protein 

casts, cyst. hydronephrosis, chronic inflammation, and renal tubular regeneration. Other lesions in male mice 

considered to be incidental included liver hemorrhage, mandibular lymph node hemorrhage, heart 

mineralization, lung hemorrhage, glandular stomach hemorrhage, glandular stomach edema, urethral 

inflammation, urethral cyst, and skin hemorrhage. 
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SPERM ENDPOINTS 

Epididymal sperm motility was affected by the interaction of AZT and rifabutin. There was a statistically 

significant interaction between both compounds, indicating that the dose-response relationship of AZT differs 

across doses of rifabutin (P~O.OI; Table 16). Left caudal weights were significantly decreased (p~0.01) at 

640 mg/kg rifabutin (Table 17). 

TABLE 16 
Effect of Oral Administration of AZT and Rifabutin on Epididymal Sperm Motility and Spermatid Heads 
per Testis in the Reproductive, Developmental, and General Toxicity Study of AZT and 
Rifabutin Combinations 

Epididymal Sperm Motility (%) Spermatid HeadslTestis x 10'

Number Mean ± Standard Error Number Mean ± Standard Error 

0+0 

0+80 

0+320 

0+640 

200 + 0 

200 + 80 

200 + 320 

200 + 640 

400 + 0 
400 + 80 

400 + 320 

400 + 640 

10 

10 

10 

10 

9 

9 

9 

9 

9 

10 

8 

9 

75.13 ± 5.12 
69.79 ± 4.69 

62.08 ± 7.63 

74.31 ± 2.69 

49.98 ± 7.35* 
70.36 ± 4.54 

57.57 ± 8.06 

20.71 ± 9.51** 

50.71 ± 8.05 
55.70 ± 7.72 

44.74 ± 5.58* 

3.87 ± 1.14** 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1.82 ± 0.07 

1.86 ± 0.07 

1.86 ± 0.06 

1.78 ± 0.06 

1.98 ± 0.05 
2.04 ± 0.08 

1.81 ± 0.10 

1.96 ± 0.08 

1.87 ± 0.09 
1.83 ± 0.10 

1.96 ± 0.05 

1.93 ± 0.06 

* 
** 
a 

Significantly different (P~0.05) from the vehicle control group by the Wilcoxon rank sum test 
P~O.Ol 

Daily gavage doses of AZT + rifabutin (mg/kg per day) 
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TABLEt7 
Effect of Oral Administration of AZT and Rifabutin on Left Caudal Epididymal and Left Testicular 
Weights in the Reproductive, Developmental, and General Toxicity Study of AZT and 
Rifabutin Combinations 

Dosea 

0+0 

0+80 

0+320 

0+640 

200 + 0 

200 + 80 

200 + 320 

200 + 640 

400 + 0 

400 + 80 

400 + 320 

400 + 640 

Left Caudal Weight (g) 

(Mean ± Standard Error) 

0.0197 ± 0.0010 

0.0183 ± 0.0006 

0.0194 ± 0.0009 

0.0184 ± 0.0010** 

0.0214 ± 0.0005 

0.0202 ± 0.0010 

0.0179 ± 0.0010 

0.0177 ± 0.0011 ** 

0.0199 ± 0.0006 

0.0209 ± 0.0009 

0.0195 ± 0.0008 

0.0171 ± 0.0011 ** 

Left Testicular Weight (g) 

(Mean ± Standard Error) 

0.1217 ± 0.0054 

0.1196 ± 0.0044 

0.1193 ± 0.0038 

0.1203 ± 0.0046 

0.1174 ± 0.0042 

0.1278 ± 0.0065 

0.1189 ± 0.0042 

0.1233 ± 0.0048 

0.1213 ± 0.0029 

0.1202 ± 0.0037 

0.1156 ± 0.0040 

0.1241 ± 0.0041 

** 
a 

Significantly different (ps;0.01) from the vehicle control group by Jonckheere's and Williams' or Dunnett's tests 
Daily gavage doses of AZT + rifabutin (mg/kg per day) 

NATURAL DELIVERY DATA 

The administration ofAZT or rifabutin alone or in combination did not affect the incidence ofpregnancy in the 

female-B mice (Table 18). Administration of 200 + 640,400 + 320, or 400 + 640 mg/kg AZT and rifabutin 

significantly (p~0.05 or P~O.OI) decreased the number of delivered litters (Table 18). The 200 + 640 and 

400 + 320 mg/kg doses significantly (p~0.05) increased the duration of gestation. 

The number of implantation sites was not affected by administration of any test article alone or in combination. 

The number of dams with stillborn pups, the number of dams with no liveborn pups, and the number of dams 

with all pups dying were increased or significantly (p~0.05) increased in the 200 + 640 and 400 + 320 mg/kg 

groups. 



80 AZT and Rifabutin 

TABLE 18 
Occurrence of Pregnancy in Female-B Mice in the Reproductive, Developmental, and General Toxicity 
Study of AZT and Rifabutin Combinations 

Number Number Pregnantb Number Delivered 
(% of total) (% of number pregnant) 

0+0 15 
0+80 15 
0+320 17 
0+640 16 
200 + 0 15 
200 + 80 15 
200 + 320 16 
200 + 640 16 
400 + 0 16 
400 + 80 16 
400 + 320 16 
400 + 640 16 

15 (100) 
11 (73.3) 
15 (88.2) 
16 (100) 
14 (93.3) 
14 (93.3) 
16 (100) 
14 (87.5) 
13 (81.2) 
12 (75.0) 
12 (75.0) 
13 (81.2) 

15 (100) 
11 (100) 
12 (80.0) 
16 (100) 
14 (100) 
14 (100) 
14 (87.5) 

4 (28.6)** 
13 (100) 
12 (100) 
6 (50.0)** 
0** 

** Significantly different (P~0.05 or P~O.OI) from the vehicle control group value by the Kruskal-Wallis test 
a Daily gavage doses of AZT + rifabutin (mg/kg per day) 
b Number of animals presumed pregnant by presence of a vaginal plug 

Delivered litter size was decreased in the 200 + 320,200 + 640, and 400 + 320 mg/kg groups (Table 19). 

The number of stillborn pups was significantly (P::;O.Ol) increased in the 200 + 640 mg/kg group. The number 

of pups found dead or missing and presumed cannibalized was significantly (P::;O.Ol) increased in the 

200 + 640 and 400 + 320 mg/kg groups. 

Cumulative survival per litter and live litter size at weighing was decreased in the 200 + 320,200 + 640, and 

400 + 320 mg/kg groups. Pup mean body weight per litter (Figure 17) was significantly (P::;0.05) decreased 

or decreased in the 400 mg/kg AZT + 80 or 320 mg/kg rifabutin groups. 
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TABLE 19 
Summary of Natural Delivery Litter Data for FemaIe-B Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 

Dams with Dams with All Pups Mean Live Pups Dying on Survival/Live 
Stillborn Pups Dying on Days 0-4 Litter Size Days 1-4/Total Litter Sizeb 

Dosea (% of Dams (% of Dams with Alive on Day 1 on Day 4 
that Delivered) Liveborn Pups) (%) Postpartum 

0+0 1 (6.7) 0 11.2 3/157 (1.9) 11.0/11.2 

0+80 0 0 11.1 7/122 (5.7) 10.4/11.1 

0+320 0 0 10.7 21125 (1.6) 10.2/10.7 

0+640 0 1 (6.2) 11.9 15/190 (7.9)* 10.9/11.9 

200 + 0 0 0 12.0 0/163 11.6/12.0 

200 + 80 1 (7.1) 0 10.1 5/130 (3.8) 9.6/10.1 

200 + 320 1 (7.1) 2 (15.4) 8.0 7/102 (6.9) 7.3/8.0 

200 + 640 2 (50.0) 2 (66.7) 4.0 2/4 (50.0)** 0.7/4.0 

400+0 1 (7.7) 0 10.7 2/137 (1.4) 10.4/10.7 

400 + 80 1 (8.3) 0 11.8 6/140 (4.3) 11.2/11.8 

400 + 320 3 (50.0) 2 (50.0) 6.0 2118 (11.1) 4.0/6.0 

400 + 640 - c 

* Significantly different (p:>:0.05) from the vehicle control group by the Cochran-Armitage and Fisher exact tests 
** P~O.Ol 

a Daily gavage doses of AZT + rifabutin (mg/kg per day) 
b Excludes values for litters that had no surviving pups 

No litters were delivered 

AZT and Rifabutin 
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­

FIGURE 17 
Mean Body Weights/Litter of Pups of Female-B Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations (LD=lactation day; mean 
pup weight/litter includes only values for litters in which pups survived to LD 4) 
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FIGURE 17 

Mean Body Weights/Litter of Pups of Female-B Mice in the Reproductive, Developmental, 

and General Toxicity Study of AZT and Rifabutin Combinations (LD = lactation day; mean 

pup weightllitter includes only values for litters in which pups survived to LD 4) 
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CAESAREAN-SECTION DATA 

Pregnancy rates were significantly (P~0.05 or P~O.OI) reduced in the following groups (Table 20): 200 mg/kg 

AZT alone, 640 mg/kg rifabutin alone, 200 mg/kg AZT+ 320 or 640 mg/kg rifabutin, and 400 mg/kg 

AZT + 80, 320, or 640 mg/kg rifabutin. For pregnant dams, the average number of corpora lutea and 

implantations per litter were not affected by treatment with AZT or rifabutin alone or in combination. 

Live litter size was significantly (p~0.01) reduced, and the average number of resorptions and percentage of 

dead or resorbed conceptuses per litter were significantly (P~0.05 or P~O.OI) increased for the AZT alone 

groups and most dose groups treated with combinations (Table 21). For the average number of resorption data, 

only early resorptions were increased; late resorptions were not affected. 

The mean fetal body weight per litter was decreased or significantly (P:s;;0.05 or P~O.Ol) decreased in the 

640 mg/kg rifabutin alone group, the AZT alone groups, and all groups treated with the combinations 

(Table 22). 

TABLE 20 
Occurrence of Pregnancy in Female-A Mice in the Reproductive, Developmental, and General Toxicity 
Study of AZT and Rifabutin Combinations 

Number Pregnant (%) 

0+0 
0+80 
o+ 320 
0+640 
200 + 0 
200 + 80 
200 + 320 
200 + 640 
400+0 
400 + 80 
400 + 320 
400 + 640 

20 (100) 
20 (100) 
19 (95) 
13 (65)** 
15 (75)* 
16 (80) 
10 (50)** 
0** 

17 (85) 
10 (50)** 
4 (20)** 
0** 

* Significantly different (p~O.05) from the vehicle control group by the Cochran-Armitage and Fisher exact tests 
** P~O.Ol 
a Daily gavage doses of AZT + rifabutin (mglkg per day) 
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TABLE 21 
Summary of Caesarean-Section Litter Data for Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 

Litter Sizes Live Fetuses Dead Fetuses Resorptions 

Dosea Mean ± SDb No. Mean ± SD No. Mean ± SD No. Mean ± SD 

o + OC 

o + 80d 

o+ 320 

0+ 640d 

200 + Od 

200 + 80d 

200 + 320e 

200 + 640f 

400 + 0 

400 + 80 

400 + 320e 

400 + 640f 

11.3 ± 2.0 

12.2 ± 1.9 

8.6 ± 3.6 

12.2 ± 2.2 

6.2 ± 3.7** 

6.9 ± 3.6** 

3.4 ± 4.4** 

4.6 ± 4.2** 

4.0 ± 3.7** 

3.3 ± 5.8 

200 

217 

154 

131 

87 

103 

31 

78 

38 

10 

ILl ± 2.0 

12.0 ± 2.1 

8.1 ± 4.0 

11.9 ± 2.2 

6.2 ± 3.7** 

6.9 ± 3.8** 

3.4 ± 4.4** 

4.6 ± 4.1** 

3.8 ± 3A** 

3.3 ± 5.8 

3 

2 

10 

3 

0 

0 

2 

0 

0.2 ± 0.4 

0.1 ± 0.3 

0.5 ± 2.3 

0.3 ± 0.6 
0.0 

0.1 ± 0.2 

0.0 

0.0 ± 0.2 
0.2 ± OA 

0.0 

17 

9 

27 

4 

59 

44 

33 

82 

54 

14 

0.9 ± 1.2 

0.5 ± 0.9 

1.4 ± 1.7 

0.4 ± 0.5 

4.2 ± 2.6** 

2.9 ± 2.1* 

3.7 ± 1.7** 

4.8 ± 3.3** 

SA ± 3.7** 
4.7 ± 2.1 

* 
** 
a 

b 
C 

d 

e 
f 

Significantly different (p:s;0.05) from the vehicle control group value by the Cochran-Armitage and Fisher exact tests 
P:s;O.OI 
Daily gavage doses of AZT + rifabutin (mglkg per day) 
SD=standard deviation 
Excludes darns that delivered litters before scheduled sacrifice 
Excludes darns that were sacrificed on an estimated day 13 or 14 of gestation and, due to gestational age of fetuses, genders and 
viabilIty could not be determined 
Excludes darns that were moribund sacrificed on day 26 or 27 of the study 
All animals in the dose group were dead prior to scheduled caesarean-section. No pregnancies were detected in this group. 
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TABLE 22 
Mean Body Weights of Fetuses from Female-A Mice in the Reproductive, Developmental, 
and General Toxicity Study of AZT and Rifabutin Combinations 

Mean Fetal Weight (grams) 

0+0 
0+80 
o+ 320 
0+640 
200 + 0 
200 + 80 
200 + 320 
200 + 640 
400+0 
400 + 80 
400 + 320 
400 + 640 

1.38 
1.42 
1.46 
1.12 
1.10** 
1.12* 
1.13 
_b 

1.06 
1.12 

* 
** 
a 
b 

Significantly different (p~0.05) from the vehicle control group by Dunnett's or Dunn's test 

P~O.Ol 


Daily gavage doses of AZT + rifabutin (mg/kg per day) 

No fetuses were present. 


GROSS EXTERNAL ALTERATIONS 

With the exception of red-colored fetuses in the groups treated with 320 or 640 mg/kg rifabutin, administration 

ofAZT alone, rifabutin alone, or AZT in combination with rifabutin did not increase the percent of fetuses with 

any alteration per litter, the percent of litters with any alteration, or the percent of fetuses with any alteration. 

Reproductive toxicity was observed in the mice that received the highest dose of rifabutin (640 mg/kg) alone 

or combinations of AZT and 320 or 640 mg/kg rifabutin. The highest dose of rifabutin alone, both doses of 

AZT alone, and all combination doses tested produced developmental toxicity (embryo lethality and reduced 

fetal weights but no external malformations). The combination of drugs markedly increased the reproductive 

and developmental toxicity caused by either drug alone. 

Severity ofhematopoietic toxicity due to AZT and rifabutin combinations was dose- and duration-of-treatment 

dependent. Higher dose combinations (200 or 400 mg/kg AZT + 640 mg/kg rifabutin) caused mild anemia 

in female-B mice treated for 10 days, severe anemia in male mice treated for 20 days, and the death of all 

female-A mice by day 22. These results indicate that the hematopoietic toxicity in pregnant female mice was 

more severe than in males and pregnancy may have contributed to the increased hematopoietic toxicity of 

AZT + rifabutin combinations. Cytoplasmic alterations in hepatocytes and centrilobular atrophy of the liver 

appear to be dose- and duration-of-treatment dependent and more severe in pregnant females than in males. 
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These effects may be secondary to anemia rather than a direct hepatotoxicity of the therapeutic combinations. 

Plasma concentrations of AZT as well as rifabutin appeared to have increased at the 400 mg/kg AZT + 

600 mg/kg rifabutin combination dose when compared to the plasma concentrations of the same doses 

administered alone. These results indicate that there may be an interaction in absorption, metabolism, or 

elimination of these compounds when given in combination, especially at high doses. Increased hematopoietic 

toxicity of the therapeutic combinations may be due to increased plasma levels of these compounds. 

Combinations of AZT at 200 and 400 mg/kg with rifabutin at 320 and 640 mg/kg caused mortality after 4 to 

19 days of treatment, as well as reproductive and developmental toxicity in female-A and female-B mice. 

Because most reproductive and developmental toxic effects in female-B mice were observed at the doses that 

caused maternal toxicity, increases in reproductive and developmental toxicity at these doses may be secondary 

to increased maternal toxicity. Increased maternal toxicity, as measured by body weights and hematological 

parameters, was not observed in female-A mice treated with 400 mg/kg AZT + 80 mg/kg rifabutin as 

compared to the same doses of AZT or rifabutin alone. However, the above dose combination increased the 

reproductive and developmental toxicity. Therefore, rifabutin at 80 mg/kg, which had no reproductive or 

developmental effects when administered alone, appears to have increased the reproductive and developmental 

toxicity of AZT at 400 mg/kg. 

CONCLUSIONS 

AZT alone caused mild hematopoietic toxicity as indicated by anemia. Rifabutin alone caused mild 

hematopoietic toxicity and mild hepatic toxicity with increases in liver weights and serum enzymes indicative 

of liver toxicity. Rifabutin also caused mild degenerative and inflammatory lesions in the stomach. 

Combinations ofAZT and rifabutin caused hematopoietic toxicity accompanied by severe anemia and decreased 

hematopoietic cells in the bone marrow and spleen. Severe anemia appeared to have contributed to high 

mortality of female-A mice treated with combinations of 200 or 400 mg/kg AZT and 320 or 640 mg/kg 

rifabutin. Combinations of the two compounds appeared to have synergized the hematopoietic toxicity leading 

to mortality. AZT increased the hepatic toxicity but not the gastric lesions caused by rifabutin. AZT and 

rifabutin at the highest dose combination evaluated in this study appear to have increased the plasma levels of 

both compounds as compared to administration ofeither compound alone, and increased plasma levels may have 

contributed to the increased toxicity when administered in combination. AZT alone, rifabutin alone, and 

combinations of the two compounds did not cause gross external alterations in pups. AZT alone caused 

decreases in pregnancy rates and live litter size and increased numbers of resorptions. Rifabutin alone caused 

decreased pregnancy rates and decreased mean fetal body weight per litter. Administration of AZT and 



88 AZT and Rifabutin 

rifabutin in combinations caused marked decreases in pregnancy rates, live litter size, and mean fetal body 

weight per litter and marked increases in resorptions. However, the increases in reproductive and developmental 

toxicity of the therapeutic combinations may be due to increased maternal toxicity. These results indicate that 

AZT and rifabutin combinations have the potential to markedly increase the hematopoietic toxicity of either 

compound alone. 
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APPENDIX A 

CLINICAL PATHOLOGY RESULTS 
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TABLE At 
Hematology Data for Male Swiss (CD-lilll) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations a 

Dose WBCb 

(103/mm3) 
RBC 

(106/mm3) 
Hgb 

(g/dL) 
Het 
(%) 

MCV 
(fL) 

MCH 
(pg) 

MCHC 
(g/dL) 

Platelets 
(103/mm3) 

0+0 

200 + 0 

400+0 

0+80 

200 + 80 

400 + 80 

0+ 320c 

200 + 320 

400 + 320c 

0+ MOe 

200 + 640 

400 + 640c 

6.97 
1.960 

5.37 
1.786 

4.81 
1.501 

5.62 
2.289 

5.83 
1.613 

6.14 
2.424 

8.24 
2.042 

6.49 
2.169 

5.04 
1.206 

8.26 
2.971 

6.02 
3.425 

2.92 
1.246 

9.47 
0.536 

8.36 
0.550 

8.33* 
0.556 

9.51 
0.692 

8.15* 
0.533 

7.43** 
0.561 

8.47 
0.617 

6.99** 
0.521 

6.09** 
1.488 

8.65 
0.879 

4.13** 
2.012 

2.31** 
0.458 

15.9 
0.86 

14.7 
0.88 

14.6 
0.76 

15.7 
0.94 

14.2 
1.01 

13.2** 
0.71 

13.7* 
1.11 

12.5** 
0.77 

10.5** 
2.48 

13.6* 
1.12 

7.3** 
3.92 

3.7** 
0.73 

45.7 
2.00 

43.1 
2.90 

43.1 
3.02 

46.2 
3.44 

41.8 
2.46 

38.4* 
2.03 

40.7 
2.23 

38.1* 
2.48 

32.0** 
8.40 

39.7 
4.00 

21.9** 
13.98 

9.2** 
2.08 

48.3 
1.76 

51.6 
2.66 

51.7 
2.28 

48.6 
1.66 

51.3 
1.93 

51.8 
2.18 

48.2 
1.74 

54.6** 
1.95 

52.2 
5.83 

45.9 
0.91 

49.8 
10.92 

39.7** 
3.55 

16.8 
0.53 

17.6 
0.67 

17.6 
0.71 

16.5 
0.47 

17.5 
0.85 

17.8 
0.76 

16.2 
0.55 

17.9* 
0.60 

17.3 
1.23 

15.7 
0.56 

17.3 
1.82 

15.9 
0.63 

34.9 
0.96 

34.1 
1.22 

34.1 
0.99 

34.0 
0.99 

34.1 
0.75 

34.4 
0.97 

33.7 
1.24 

32.8 
0.45 

33.3 
2.08 

34.2 
1.12 

35.6 
4.92 

40.1** 
2.56 

992 
266.3 

1,320 
127.9 

1,469 
402.6 

1,088 
243.6 

1,439 
407.3 

1,693** 
442.8 

1,300 
302.9 

1,497* 
275.7 

1,562* 
650.3 

1,357 
116.4 

1,921** 
410.1 

2,135** 
825.1 



A-3 

TABLE Al 
Hematology Data for Male Swiss (CD-I@) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 

Dose Reticulocytes 
(IOS/mm3) 

Neutropbils 
(103/mm3) 

Lymphocytes 
(loJ/mm3) 

Monocytes 
(loJ/mm3) 

Eosinopbils 
(103/mm3) 

Basophils 
(I03/mm3) 

LUCd 

(loJ/mm3) 

0+0 

200 + 0 

400 + 0 

0+80 

200 + 80 

400 + 80 

o + 320c 

200 + 320 

400 + 320c 

0+ 640c 

200 + 640 

400 + 640c 

4.5 
0.64 

5.0 
0.90 

4.9 
1.02 

5.3 
0.64 

4.9 
0.63 

5.1 
0.78 

6.6 
2.33 

6.1 
1.46 

7.3 
4.01 

8.1 
0.91 

6.3 
6.74 

1.1 
0.50 

1.00 
0.304 

0.87 
0.342 

0.68 
0.235 

0.93 
0.368 

0.75 
0.229 

0.68 
0.290 

1.75 
0.524 

1.16 
0.513 

0.93 
0.667 

2.04** 
0.599 

1.49 
1.432 

0.74 
0.642 

5.53 
1.673 

4.24 
1.591 

3.82 
1.286 

4.32 
1.849 

4.66 
1.524 

5.08 
2.002 

6.04 
1.655 

4.92 
1.679 

3.77 
0.748 

5.73 
2.638 

3.95 
2.040 

2.05 
0.645 

0.13 
0.053 

0.08 
0.074 

0.10 
0.054 

0.09 
0.040 

0.10 
0.035 

0.11 
0.060 

0.14 
0.042 

0.10 
0.042 

0.08 
0.049 

0.13 
0.041 

0.13 
0.082 

0.04 
0.039 

0.24 
0.110 

0.15 
0.051 

0.18 
0.091 

0.23 
0.149 

0.25 
0.091 

0.22 
0.198 

0.21 
0.106 

0.23 
0.082 

0.18 
0.157 

0.24 
0.192 

0.26 
0.393 

0.04 
0.032 

0.02 
0.011 

0.01 
0.010 

0.01 
0.005 

0.02 
0.011 

0.01 
0.007 

0.02 
0.013 

0.03 
0.011 

0.02 
0.013 

0.01 
0.010 

0.03 
0.020 

0.01 
0.015 

0.00 
0.005 

0.05 
0.021 

0.03e 

0.033 

0.03f 

0.014 

0.03 
0.020 

0.06 
0.033 

0.05f 

0.030 

0.08 
0.038 

0.07 
0.043 

0.07 
0.032 

0.09 
0.064 

0.19**f 
0.169 

0.06 
0.042g 

* Significantly different (PsO.05) from the vehicle control group using analysis of variance followed by Dunnett's test 
** PsO.Ol 
a Daily gavage doses of AZT + rifabutin (mg/kg per day). For each parameter, the mean is presented above the standard deviation; n= 10, unless 

otherwise noted. 
b WBC counts corrected for RBC test counts greater than 10 per 100 WBCs 
c n=7 
d Large unstained cells 
e n=8 
f n=9 
g n=6 

AZT and Rifabutin 
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TABLE A2 
Hematology Data for Female-A Swiss (CD-l®) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinationsa 

Dose WBCb 

(103/mm3) 
RBC 

(106/mm3) 

Hgb 
(g/dL) 

Hct 
(%) 

MCV 
(tL) 

MCH 
(pg) 

MCHC 
(g/dL) 

Platelets 
(loJ/mm3) 

0+0 

200 + 0 

400 + 0 

o + 80c 

200 + 80 

400 + 80d 

o + 320c 

200 + 320e 

400 + 320f 

0+ 640c 

200 + 64Q8 

400 + 640g 

7.68 
2.671 

5.69* 
1.548 

5.86 
1.111 

8.28 
3.034 

6.34 
1.934 

5.32* 
1.470 

8.65 
2.542 

6.41 
2.879 

4.34 
2.566 

11.18** 
2.250 

8.74 
0.624 

7.51** 
0.594 

7.71** 
0.710 

8.81 
0.648 

7.11** 
0.785 

6.96** 
0.702 

8.88 
0.463 

5.99** 
2.017 

2.85** 
2.633 

9.23 
0.885 

14.6 
0.92 

14.0 
0.73 

14.6 
1.00 

14.7 
0.91 

13.5 
1.37 

13.2 
1.16 

14.5 
0.88 

11.7** 
4.01 

5.2** 
4.97 

14.6 
1.15 

42.8 
2.52 

41.9 
2.62 

43.7 
3.12 

43.5 
2.62 

40.7 
4.26 

39.7 
3.89 

44.0 
2.48 

35.6** 
12.47 

15.8** 
17.3 

43.3 
4.18 

49.1 
1.88 

55.9** 
3.06 

56.8** 
3.17 

49.4 
1.84 

57.3** 
2.07 

57.1** 
2.06 

49.6 
1.96 

58.0** 
8.74 

49.6 
10.52 

47.0 
2.05 

16.8 
0.73 

18.8** 
1.00 

19.0** 
0.95 

16.8 
0.71 

19.0** 
0.79 

19.0** 
0.54 

16.3 
0.82 

19.2** 
1.83 

17.6 
0.95 

15.9 
0.49 

34.1 
1.04 

33.6 
0.85 

33.4 
0.97 

33.9 
1.17 

33.2 
1.01 

33.3 
0.79 

32.9 
0.80 

33.4 
2.65 

36.3 
5.50 

33.8 
1.66 

1,382 
339.7 

1,672 
206.8 

1,379 
474.3 

1,163 
416.5 

1,509 
233.6 

1,354 
335.2 

1,217 
232.1 

1,504 
322.5 

2,279 
683.4 

1,218 
314.3 
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TABLEA2 

Hematology Data for Female-A Swiss (CD-l ®) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 

Dose Reticulocytes Neutrophils Lymphocytes Monocytes Eosinophils Basophils LUCh 

(105/mm3) (103/mm3) (103/mm3) (103/mm1 (103/mm3) (103/mm3) (103/mm3) 

0+0 4.1 2.62 4.67 0.17 0.15 0.02 0.05 
0.96 1.584 1.137 0.069 0.081 0.013 0.054 

200 + 0 4.2 1.10** 4.21 0.11 0.22 0.01 0.03 
0.89 0.444 1.272 0.054 0.161 0.007 0.014 

400 + 0 4.6 1.19** 4.31 0.14 0.16 0.01 O.04i 

1.56 0.600 0.897 0.083 0.092 0.007 0.029 

0+ 80c 4.6 2.65 5.10 0.20 0.23 0.02 0.07j 

1.49 2.058 1.014 0.089 0.217 0.018 0.114 

200 + 80 4.3 1.19** 4.78 0.12 0.20 0.02 0.04 
1.29 0.600 1.39S 0.058 0.140 0.008 0.019 

400 + SOd 5.4 1.07** 3.90 0.09 0.21 0.01 0.04 j 

2.11 0.771 0.975 0.051 0.116 0.009 0.022 

o + 320c 3.9 2.83 5.43 0.13 0.16 0.03 O.OS 
1.09 1.224 1.837 0.065 0.134 0.015 0.046 

200 + 320e 3.~ 1.66 4.29 0.11 0.25 0.01 O.OS 
1.67 0.995 I.S9O 0.060 0.163 0.011 0.053 

400 + 320f 2.4 0.91 3.22 0.09 0.10 0.00 0.02k 
2.53 0.692 1.636 0.107 0.153 0.006 0.007 

0+ 640c 5.7 3.S5* 6.70 0.18 0.16 0.07 0.25** 
2.08 I.S18 1.606 0.080 0.066 0.102 0.218 

200+~ 

400 + 640g 

* Significantly different (psO.05) from the vehicle control group using analysis of variance followed by Dunnett's test 
** PsO.O! 
a Daily gavage doses of AZT + rifabutin (mglkg per day). For each parameter, the mean is presented above the standard deviation; n=20, unless 

otherwise noted. 
b WBC counts corrected for RBC test counts greater than 10 per 100 WBCs 
c n=12 
d n=14 
e n=15 
f n=3 
g No data were available due to 100% mortality in this group. 
h Large unstained cells 

n=19 
j n=l1 
k n=2 

AZT and Rifabutin 
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TABLE A3 
Hematology Data for Female-B Swiss (CD-l®) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinationsa 

Dose WBCb 

(103/mm3) 
RBC 

(106/mm~ 
Hgb 

(gldL) 
Bet 
(%) 

MCV 
(fL) 

MCH 
(pg) 

MCHC 
(g/dL) 

Platelets 
(103/mm3) 

0+ OC 

200 + OC 

400 + Od 

0+ 80c 

200 + 80c 

400 + 80 

o + 320e 

200 + 320 

400 + 320f 

0+640 

200 + 640 

400 + 640 

4.92 
1.452 

5.85 
1.577 

5.44 
1.838 

5.46 
1.376 

5.66 
1.506 

5.55 
1.550 

6.45 
1.793 

6.06 
0.985 

6.71 
1.853 

5.44 
1.645 

6.40 
2.859 

8.46 
5.618 

8.44 
0.542 

7.91 
0.538 

8.28 
0.614 

8.83 
0.913 

8.05 
0.758 

8.31 
0.671 

8.66 
0.697 

7.98 
0.514 

8.35 
0.744 

8.37 
0.727 

7.63* 
1.025 

7.33** 
0.982 

14.5 
0.81 

14.0 
0.58 

14.5 
0.98 

14.7 
1.10 

14.3 
0.98 

14.8 
0.83 

14.5 
1.17 

14.2 
0.70 

14.5 
1.40 

13.8 
1.13 

13.6 
1.81 

12.9 
1.90 

43.4 
2.18 

42.4 
1.43 

44.1 
2.70 

43.6 
2.64 

43.3 
3.38 

44.2 
2.08 

44.3 
3.29 

43.6 
2.30 

45.4 
4.37 

42.1 
3.56 

42.9 
4.66 

42.1 
5.81 

51.4 
1.70 

53.8 
2.76 

53.3 
2.79 

49.7 
3.10 

54.0 
2.83 

53.4 
3.14 

51.2 
2.58 

54.7** 
2.72 

54.4* 
2.77 

50.3 
1.53 

56.6** 
4.06 

57.4** 
1.85 

17.2 
0.49 

17.8 
1.02 

17.5 
0.89 

16.7 
0.78 

17.8 
0.73 

17.9 
0.93 

16.8 
0.71 

17.8 
0.75 

17.4 
0.71 

16.5 
0.65 

17.8 
0.79 

17.6 
0.53 

33.4 
0.64 

33.0 
0.95 

32.9 
0.99 

33.7 
1.29 

33.0 
1.09 

33.5 
0.66 

32.8 
0.96 

32.5 
0.63 

32.0** 
0.94 

32.9 
1.00 

31.6** 
1.79 

30.7** 
1.09 

1.262 
279.3 

1,522 
259.9 

1.262 
276.2 

1,358 
258.2 

1,267 
343.8 

1,242 
266.3 

1,455 
286.2 

1,352 
268.5 

1,545 
551.9 

1,644 
485.9 

1,608 
488.3 

1.786 
608.4 
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TABLEA3 
Hematology Data for Female-B Swiss (CD-l®) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations 

Dose Reticulocytes Neutrophils Lymphocytes Monocytes Eosinophils Basophils LUCg 

(loS/mm3) (loJ/mm3) (103/mm3) (loJ/mm3) (loJ/mm3) (loJ/mm3) (103/mm3) 

o + OC 4.6 1.06 3.54 0.10 0.20 0.01 0.02h 
1.27 0.328 1.188 0.031 0.212 0.011 0.013 

200 + OC 5.5 1.07 4.48 0.10 0.15 0.02 0.03 
1.75 0.305 1.338 0.040 0.095 0.010 0.011 

400 + Od 6.1 1.02 4.11 0.10 0.18 0.Q1 0.02i 
2.46 0.481 1.530 0.051 0.088 0.008 0.015 

o + 80c 4.5 1.12 4.07 0.10 0.14 0.01 0.02j 

1.67 0.595 1.054 0.069 0.121 0.010 0.009 

200 + 80c 4.8 0.93 4.36 0.09 0.24 0.01 0.03h 

1.47 0.273 1.285 0.046 0.156 0.011 0.012 

400 + 80 5.5 1.09 4.06 0.11 0.26 0.01 0.03c 

2.05 0.385 1.130 0.048 0.167 0.007 0.016 

0+ 320e 5.4 1.19 4.92 0.12 0.19 0.02 O.03k 

1.78 0.525 1.387 0.087 0.171 0.012 0.012 

200 + 320 5.7 1.18 4.51 0.11 0.22 0.02 0.03c 

2.43 0.425 0.964 0.030 0.114 0.008 0.017 

400 + 320f 7.4 1.30 4.95 0.12 0.27 0.02 0.05 
6.16 0.391 1.469 0.053 0.225 0.014 0.056 

0+640 7.0 1.24 3.84 0.12 0.18 0.01 0.04c 

1.98 0.383 1.256 0.083 0.108 0.010 0.026 

200 + 640 7.3 1.43 4.53 0.13 0.26 0.02 0.03c 

4.73 0.698 2.215 0.065 0.210 0.011 0.024 

400 + 640 9.0 2.27 5.63 0.17 0.31 0.02 0.07j 

5.11 2.247 3.529 0.087 0.148 0.019 0.058 

* Significantly different (p:s:0.05) from the vehicle control group using analysis of variance followed by Dunnett's test 
** P:s:O.Ol 
a Daily gavage doses of AZT + rifabutin (mg/kg per day). For each parameter, the mean is presented above the standard deviation; n= 16, unless 

otherwise noted. 
b WBC counts corrected for RBC test counts greater than 10 per 100 WBCs 

n=15 
d n=20 
e n=17 
f n=12 
g Large unstained cells 
h n=13 


n=18 

j n=14 
k n=16 

AZT and Rifabutin 
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TABLEA4 
Clinical Chemistry Data for Male Swiss (CD-l®) Mice in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinationsa 

Dose ALP 
(lUlL) 

ALT 
(lUlL) 

AST 
(lUlL) 

SDH 
(lUlL) 

Bile Acids 
(",mol/L) 

0+ Ob 

200 + OC 

400 + OC 

0+ 80c 

200 + 80b 

400 + 80c 

0+320 

200 + 320d 

400 + 320 

0+640 

200 + 640d 

400 + 640 

56 
30.4 

55 
16.1 

69 
20.3 

53 
11.6 

59 
11.5 

52 
12.6 

43 
10.3 

66 
22.8 

43 
10.1 

64 
21.2 

63 
13.1 

67 
16.9 

26 
7.0 

23 
5.2 

29 
4.9 

24 
4.5 

25 
5.6 

24 
6.6 

35 
10.9 

36 
29.2 

41 
23.8 

65 
53.5 

31 
19.5 

21 
9.2 

71 e 

22.7 

5~ 
33.6 

71 
22.7 

64e 

13.9 

54e 

6.3 

55b 

20.7 

80 
31.1 

65 
17.1 

72 
17.8 

90e 

16.5 

74 
21.6 

57 
13.4 

20e 

4.4 

23e 

4.9 

24g 

5.9 

22i 
7.7 

1ge 

9.7 

27g 

8.0 

23e 

5.6 

22g 

8.6 

30e 

13.8 

17i 

6.4 

27g 

6.4 

25 
5.2 

15f 

10.7 

7h 

1.4 

13e 

9.2 

12i 
8.4 

12f 
7.4 

l8f 

18.2 

19i 

16.1 

17e 

13.3 

16i 

5.6 

12j 

9.7 

54**e 
37.9 

48*e 
8.0 

* Significantly different (p~0.05) from the vehicle control group using analysis of variance followed by Dunnett's test 
** P~O.Ol 
a Daily gavage doses of AZT + rifabutin (mg/kg per day). For each parameter, the mean is presented above the standard deviation; n=7, unless otherwise 

noted. 
b n=8 
c n=9 
d n=1O 
e n=6 
f n=4 
g n=7 
h n=2 


n=5 

n=3 
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TABLE AS 
Clinical Chemistry Data for Female-A Swiss (CD-l@) Mice in the Reproductive, Developmental, and General Toxicity 
Study of AZT and Rifabutin Combinationsa 

Dose ALP 
(lUlL) 

ALT 
(lUlL) 

AST 
(lUlL) 

SDH 
(lUlL) 

Bile Acids 
(ILmol/L) 

0+0 

200 + Ob 

400 + 0 

0+ 80c 

200 + 80 

400 + 80d 

0+ 320e 

200 + 320d 

400 + 320f 

0+ 640e 

200+~ 

400 + 64~ 

52 
10.8 

71 
21.4 

74 
20.9 

40 
8.5 

52 
11.1 

65 
17.4 

47 
11.8 

63 
25.4 

82 
3.0 

67 
24.6 

39 
16.6 

27 
7.5 

31 
12.1 

30 
5.8 

25 
6.8 

23 
7.4 

75* 
50.3 

97** 
65.9 

30 
18.2 

159** 
81.9 

118 
31.4 

87 
37.7 

99k 

47.5 

94 
16.7 

87 
23.1 

78 
30.7 

122 
45.7 

124 j 

78.2 

109 
58.3 

200 
120.6 

31b 

6.6 

26i 

5.2 

25k 

5.5 

231 

4.7 

27k 

3.5 

24m 

7.6 

30c 

9.4 

36n 

5.4 

29P 
1.4 

29q 

10.3 

I5h 

8.9 

llj 

6.3 

12e 

5.5 

12m 

3.3 

12k 
6.4 

151 

8.4 

19c 

9.3 

250 

11.2 

60** 
37.3 

31**m 
10.8 

* Significantly different (p~0.05) from the vehicle control group using analysis of variance followed by Dunnett's test 
** P~O.Ol 
a Daily gavage doses of AZT + rifabutin (mg/kg per day). For each parameter, the mean is presented above the standard deviation; n=20, unless 

otherwise noted. 
b n=19 
c n=l1 
d n=14 
e n=12 
f n=3 
g No data were available due to 100% mortality in this group.
h n=15 

n=18 
j n=13 
k n=17 
1 n=lO 
m n=8 
n n=7 
o n=9 
P n=2 
q n=6 



A-to AZT and Rifabutin 



B-1 

APPENDIXB 
LIVER WEIGHTS 

TABLE Bl Mean Absolute Liver Weights for Male and Female-A Swiss (CD-l@) Mice 
in the Reproductive, Developmental, and General Toxicity Study 
of AZT and Rifabutin Combinations . • • . • . • • • • . . . . • • • • • • . • • • • . . • • . • . • • .• B-2 
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TABLEBI 
Mean Absolute Liver Weights for Male and Female-A Swiss (CD-l@) Mice in the Reproductive, 
Developmental, and General Toxicity Study of AZT and Rifabutin Combinationsa 

Dose Male Female-A 

0+0 
0+80 
0+320 
0+640 
200 + 0 
200 + 80 
200 + 320 
200 + 640 
400 + 0 
400 + 80 
400 + 320 
400 + 640 

1.7940 ± 0.2359 
1.8280 ± 0.1468 
1.9620 ± 0.1526 
2.2410 ± 0.2725* 
1.7590 ± 0.1642 
1.7970 ± 0.1215 
2.0920 ± 0.3185* 
2.1690 ± 0.2907* 
1.7800 ± 0.1658 
1.9090 ± 0.2037 
2.0130 ± 0.2193* 
1.8580 ± 0.3247 

2.5388 ± 0.1378 
2.7959 ± 0.1668b 

2.6660 ± 0.5721c 

3.4033 ± 0.2499*d 
2.4057 ± 0.434ge 

2.4692 ± 0.3619f 

2.7300 ± 0.8778b 

-g 
2.2706 ± 0.4702 
2.1150.± 0.3142h 

1.4701 

* 
a 

b 
c 
d 
e 
f 
~ 

Significantly different (psO.05) from the vehicle control group by Dunnett's test 
Daily gavage doses of AZT + rifabutin (mg/kg per day). Mean absolute liver weights given in grams (mean ± standard deviation); for 
males, n=10; for females, n=16, unless otherwise noted. 
n=9 
n=1O 
n=3 
n=14 
n=13 
No data were available due to 100% mortality in this group. 
n=4 

n=l 
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