































































































































































































Model No. 120 Reprinted from:
THE AMERICAN JOURNAL OF PATHOLOGY
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Lead Nephropathy

Human Disease: Acute and Chronic Lead Nephropathy

Animal Model:  Lead Nephropathy in Gerbils Following Short-
and Long-Term Administration of Lead Acetate

Contributed by: Curtis D. Port, DVM, PhD, IIT Research Institute, 10 West Thirty-fifth
Street, Chicago, lllinois 60616.

Biologic Features

Although the most commonly used laboratory animal for the study of
the toxicity and cellular effects of lead has been the rat,*¢ it has disadvan-
tages as a model. The rat is afflicted with spontaneous enzootic pneumonia
and progressive nephropathy, and tumors of the kidney are induced by
the administration of lead.®® Short- and long-term lead administration
studies ® suggest that the Mongolian gerbil (Meriones unguiculatus)
may be a more useful model to study acute and chronic cellular effects of
lead in the human.

Gerbils fed diets containing 1.0% lead for 2 weeks had approximately
three times as much lead in the kidney as did rats fed the same diet (Table
1). After 12 weeks on diets containing 0.5% lead or 0.25% lead, the
amount of lead present in the gerbil kidneys was four to six times greater
than that in the rats.

The kidneys from gerbils fed a diet containing 0.25% lead acetate were
examined histologically at 2-week intervals for 12 weeks. Intranuclear
inclusions were first noted in the epithelial cells of the proximal con-
voluted tubules near the medullary junction at 4 weeks. Approximately
two inclusions per high-power field were counted. After 12 weeks of
treatment, 50 inclusions per high-power field were present. The inclusions
in some nuclei were very large, and some nuclei contained multiple
inclusions. A gradual increase in the number of tubules that were either
devoid of epithelium of contained only a few lining cells was noted. At 12
weeks of treatment, this corticomedullary area of empty-appearing tu-
bules had become prominent (Figure 1).

Transmission electron microscopy confirmed the increase in number
and size of nuclear lead inclusion bodies over the 12-week period. At 10 to
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. Table 2—Mean Hematologic Values of the Animals Killed at 30 Months

RBC wBC

Hgb (X 10°cu  (X10%cu  HCT MCH MCV

Group Sex N (g/100) mm) mm) (%) (z9) (cu u)
Lead 0.25% F 2 9 6 1 32 16 54
Lead 0.125% M 2 11 7 11 38 15 53
F 3 9 6 8 32 14 52
Control M 2 11 5 8 38 22 79
F 1 14 7 6 47 21 68

suitable to study the effects of small quantities of lead on kidney cellular
function.

The requisite for an animal model to study chronic lead poisoning is
apparent because the nature of the delayed effects, especially in regard to
chronic nephritis, remains controversial.!"*'* The chronic nephropathy
and microcytic hypochromic anemia resulting from the long-term ad min-
istration of lead to the gerbil are comparable to those observed in man.
These findings indicate that the gerbil may be a useful animal model to
study chronic lead poisoning in man.
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HANDBOOK: ANIMAL MODELS OF HUMAN DISEASE

Abiotrophy, hereditary, neuronal, 99
Acrylonitrile, induced adrenal apoplexy, 101
Adenocarcinoma, clear-cell in mice, 116
DMH-induced in colon of rats, 42
endometrial, in aged rabbits, 21
Adenosis, vagina and cervix, 116
Aflatoxin, 35, 36
African swine fever, 23
Agammaglobulinemia, Swiss-ty pe, 83
Agenesis, bilateral, of tibia, 118
renal, due to hypervitaminosis A, 13
sacrococcygeal, 16
Alcoholic fatty liver, 30, 50
Aleutian mink disease, 23, 33
Alphaj -antitrypsin deficiency, 112
Amyloidosis, 17
Anemia, equine infectious, 63
hemolytic, 62
hemolytic, inherited, 7, 41
hemolytic, viral induced, 63
Anencephaly, due to hypervitaminosis A, 13
Angiostrongylus cantonensis, 79
Anomalies (See also Malformations)
aganglionic megacolon, 71
congenital, due to hypervitaminosis A, 13
deafness, 34
dysraphism, spinal, 88
in Manx cat, 16
of facioskeletal structures, 34
pigmentary, in cat, 34
sex chromosome, 5
syndactyly, 90
testicular feminization, 61
tibial hemimelia, 118

Antihemophilic factor, (AHF), deficiency of,
12

Anus, imperforate, due to hypervitaminosis A,
13

Apoplexy, adrenal, acrylonitrile-induced, 101
Arteritis, 33
Arthritis, due to Mycoplasma, 46
juvenile, rheumatoid, 92
rheumatoid, 46, 92
Asthenia, canine cutaneous, 73
Autoimmune disease, 40
Autosomal trisomy, 65

Avian reovirus disease, 66

Birth defects, of central nervous system, 55

Index to Fascicles 1—6
Numbers refer to Model Numbers

Bluetongue-vaccine-virus infection, in lambs, 15
Bronchitis, chronic, 96

Calcification, cerebral, due to cytomegalovirus,
84

Calf, newborn, induced diarshea in, 75
sacrococcygeal agenesis in, 16
spina bifida in, 16

Campylobacter (Vibrio) fetus, 72
Cancer, breast, 54
Capillaria hepatica, 105

Carcinoma, clear-cell vagina and cervix, 116
embryonal, 10
hepatocellular, 35, 36
medullary thyroid, 43, 102
urinary bladder, due to Schistosoma haema-
tobium, 115

Cardiomyopathy, 28, 49
Cardiopulmonary disease, 31
Carrageenan-induced ulcerative colitis, 113

Cat, amyloidosis in, 17
deafness in, 34
gammopathies in, 57
globoid cell leukodystrophy in, 9
male, tortoiseshell, 5
Manx, sacrococcygeal agenesis in, 16
Manx, spina bifida in, 16
pigment abnormalities in, 34
porphyria in, 6
retinal degeneration in, 45
Siamese, GM, gangliosidosis in, 52

Cattle, Angus, mannosidosis in, 44
Angus, pseudolipidosis in, 44
Aryshire, lymphedema in, 24
Friesian, cerebrospinal lipidosis in, 87
Friesian, GM gangliosidosis in, 87
Galloway, tibial hemimelia in, 118
hereditary syndactyly in, 90
lymphosarcoma in, 56
medullary thyroid carcinoma in, 43
pancreatolithiasis in, 37
porphyria in, 6
venereal vibriosis in, 72

Cervix, adenosis of, 116
clear-cell carcinoma of, 116

Chicken, muscular dystrophy in, 22, 51
obese strain (OS), 85
thyroiditis in, 85

Chimpanzee, Down’s syndrome in, 25
Escherichia coli infection in, 100
gonorrhea in, 97

Cholelithiasis, 74

Christmas disease, 12

Chromosome, sex, anomalies, §

Cirrhosis, in lipotrope-deficient rats, 50

Cleft lip, due to hypervitaminosis A, 13
Cleft palate, due to hypervitaminosis A, 13

Colitis, ulcerative, induced with degraded carra-
geenan, 113

Coonhound paralysis, 1

Cor pulmonale, 31
Creutzfeldt-Jakob disease, 20, 33
Crigler-Najjar syndrome, 26
Cushing’s disease, 89

Cushing’s syndrome, 89

Cyclic neutropenia, 32

Cystic fibrosis, 14
Cytomegalovirus, 84

Deafness, congenital, in cat, 34
Defects, birth, of central nervoué'system, 55

Deformities, reduction of extremities in thalid-
omide syndrome, 29

Diabetes
107

insipidus, hereditary hypothalamic,

Diabetes mellitus, 70, 81, 106
Diarrhea, infantile, 75

Disease, Aleutian mink, 23, 33
autoimmune, 40
avian reovirus, 66
cardiopulmonary, 31
Cushing’s, 89
Hirschsprung’s, 71
immunoproliferative, 63
Krabbe’s, 9
Lafora’s, 18
Marek’s, 23
Milroy’s, 24
Niemann-Pick, 117
periodontal, 108
round heart, 49, 112
varicella-like, 69
viral, antigenic modulation, 63
von Willebrand’s, 110
Werdnig-Hoffman, 99

Dog, Alaskan malamute, anemia in, 41

amyloidosis in, 17

coonhound paralysis in, 1

Cushing’s-like syndrome in, 89

cyclic neutropenia in, 32

distemper-associated demyelinating en-
cephalomyelitis in, 68

Ehlers-Danlos syndrome in, 73

gammopathies in, 57

globoid cell leukodystrophy in, 9

gly coproteinosis in, 18

GM, gangliosid osis in, 39

hemophilia in, 12

hypervitaminosis A in, 13

Lafora’s disease in, 18



lymphedema in, 24
saccrococcygeal agenesis in, 16
Shetland sheepdog, rheumatoid arthritis in,
92
spina bifida in, 16
Swedish Lapland, hereditary neuronal abio-
trophy in, 99
syndactyly in, 90
systemic lupus erythematosus in, 27
von Willebrand’s disease in, 110
Weimaraner, spinal dysraphism-syringo-
myelia in, 88
Down’s syndrome, 25
Dubin-Johnson (Sprinz-Nelson) syndrome, 2
Duck, amyloidosis in, 17

Dysentery, bacillary, 86
Shigella, 86

Dysgammopathies, 33

Dysraphism, spinal, 88

Ehlers-Danlos syndrome, 73
Endocardial fibroelastosis, 31, 49
Endocarditis, bacterial, 4
Endometriosis, 80

Epilepsy, myoclonus, 18

Equine infectious anemia, 23
Escherichia coli, 75, 100

Exencephaly, in mice with trisomy 12, 65
Factor VIII (antihemophilic factor), 12

Factor 1X (plasma thromboplastin component
factor), 12

Fatty liver, 30, 50

Ferret, effects of methylazoxymethanol acetate
on brain development of, 55

Fetal death, 65
Fetal growth retardation, 64
Fish, carp, diabetes mellitus in, 106
platy/swordtail hybrids, malignant mela-
noma in, 98
rainbow trout, hepatocellular carcinoma in,
36

Fly, Drosophilia melanogaster, neuroblastoma
in, 95

‘Fructose intolerance, heriditary, 58

Gallstone, cholesterol, 74

Gammeopathies, monoclonal, 57

Gerbil, mongolian, lead nephropathy in, 120
Gilbert’s syndrome, 8

Globoid cell leukodystrophy, 9

Glomerulitis, immunologically mediated, 63
Glomerulonephritis, immunologically mediated,

33
viral, 19

Glutathione synthetase deficiency, 94
Glycoproteinosis, neuronal, 18

GM gangliosidosis, in cats, 52
Type 11, in cattle, 87

GM3 gangliosidosis in dogs, 39
in pigs, 104

Goat, transmissible mink encephalopathy in,
20

Gonorrhea, 72, 97
Granuloma, egg, due to Capillaria hepatica, 105

Guillain-Barre syndrome, 1

“Guinea pig, hypervitaminosis A in, 13

ulcerative colitis, carrageenan-induced, 113
Hamster, golden, hypervitaminosis A in, 13
lymphocytic choriomeningitis in, 23
muscular dystrophy in, 51
Syrian, benzo(a)pyrene-induced tumors in,
53
Syrian, cardiomyopathy in, 28
Syrian, muscular dystrophy in, 22
transmissible mink encephalopathy in, 20
Hemimelia, tibial, 118
Hemophilia A, 12
Hemophilia B, 12

Hepatitis, active, chronic, 76
infectious, 33

Hirschsprung’s disease, 71
Hog cholera, chronic, 19
Horse, anemia in, 63
combined immunodeficiency in, 83
lymphosarcoma in, 56
Hydranencephaly, 15, 55

Hydrocephalus, congenital communicating, 38

Hydrocephaly, due to vitamin A deficiency, in
rabbits, 38

Hydronephrosis, due to hypervitaminosis A, 13
Hyperadrenocorticism, 89

Hyperbilirubinemia, congenital, 2, 8, 26
Hypercortisolism, 89

Hyperlipidemia, Type 4, 91

Hypertension, 91
pulmonary, 31

Hyperthermia, malignant, 111

Hypertrophy, bronchial gland, isoprenaline-in-
duced, 96

Hypervitaminosis A, 13

Hypoplasia, cerebellar, 55
Immunodeficiency (severe), combined, 83
Immunoproliferative disease, 23

Impairment, developmental, 65

Infection, central nervous system, 79
persistent viral, 63

Jaundice, obstructive, 77

Kernicterus, 26

Klinefelter’s syndrome, §

Krabbe’s disease, 9

Kuru, 20, 33

Lafora’s disease, 18

Lamb, bluetongue-vaccine-virus infection in, 15
Lead poisoning, 11, 120

Leukemia, 56
lymphocytic, 60

Leukosis, 56
Lipidosis, cerebrospinal, 87
Lipodystrophy, cerebrospinal, porcine, 104

Lipo-proteinosis, pulmonary alveolar, 67
silica-induced, 67

Lissencephaly, 55
Lithiasis pancreatica, 37

Liver, alcoholic fatty, 30, 50
Lymphedema, congenital hereditary, 24

Lymphocytic choriomeningitis, 23

Lymphoma, Burkitt’s, 60
malignant, 56
malignant, herpesvirus-induced,
human primates, 60
malignant, in rabbits, 60

in non-

Lymphosarcoma, 56
Malaria, 78
Malformations (See also Anomalies)
cerebral due to bluetongue-vaccine-virus in-
fection, 15
congenital, brain, 55
congenital, of viral etiology, 15
due to thalidomide, 29
Malignant lymphoma, 56, 60
Mannosidosis, 44
Marek’s disease, 23
Medulloblastoma, 95
Medulloepithelioma, 95
Megacolon, aganglionic or hypoganglionic, 71
Melanoma, malignant, 98
Meningoencephalitis, due to Naeglerig, 48
eosinophilic, due to Angiostongylus canto-
nensis, 79

Meromelia, tibial, 118

Methylazoxymethanol acetate, effects on
brain development, 55

Mice (See Mouse)



Micrencephaly, 55

Micrognathia, due to hypervitaminosis A, 13
Microphthalmia, due to hypervitaminosis A, 13
Milroy’s disease, 24

Mink, Aleutian disease of, 23, 33
Ehlers-Danlos syndrome, in, 73
encephalopathy of, 20
muscular dystrophy in, 119

Mongolism, 25

Monkey (See also Primate, nonhuman)
Brazilian squirrel, cholelithiasis in, 74
diabetic syndrome in, 81
hemolytic anemia in, 62
howler, 2
hypervitaminosis A in, 13
lymphocytic choriomeningitis in, 23
owl, malaria in, 78
patas, varicella-like disease in, 69
rhesus, endometriosis in, 80
shigellosis in, 86
toxoplasmosis in, 3
transmissible mink encephalopathy in, 20

Monocrotaline, 31

Mouse, amyloidosis in, 17

aneria in, 7

avian reovirus disease in, 66

biliary obstruction in, 77

Capillaria hepatica, egg granuloma in, 105

cytomegalovirus-induced cerebral calcifica-
tion in, 84

diabetes mellitus in, 70

eosinophilic meningoencephalitis in, 79

estrogen-induced adenosis of vagina and
cervix.in; 116

fetal, autosomal trisomies in, 65

gammopathies in, 57

hepatitis, chronic, induced by reovirus Type
3,in, 76

hypervitaminosis A in, 13

lymphocytic choriomeningitis in, 23

meningoencephalitis in, 48

muscular dystrophy in, 22, 51

New Zealand, autoimmune disease in, 40

Niemann-Pick disease in, 117

nude, transplanted human malignant tumors
in, 109

Piebald, aganglionic megacolon in, 71

spotted mutant, aganglionic megacolon in,
71

Swiss, sacrococcygeal agenesis in, 16

Swiss, spina bifidain, 16

teratocarcinoma, ovarian in, 103

teratocarcinoma, testicular in, 103

teratoma, ovarian in, 103

teratoma, testicular in, 10, 103

X-linked testicular feminization of, 61

Yersinia enteritis in, 93

Mucoviscidosis, 14

Multiple sclerosis, 33, 68
Muscular atrophy, spinal, infantile, 99
congenital,

Muscular dystrophy, progressive,

22,51, 119
Myelocele, 16
Myocardial failure, 28
Neisseria gonorrhoeae, 97

Nelson’s syndrome, 89

Neoplasia, mammary, in dogs, 54
Neoplasm, ultimobranchial thyroid, in bulls, 43

Nephropathy, acute and chronic due to lead,
120

Neuroblastoma, genetic, 95
Niemann-Pick disease, Type C, 117
Otesity, genetic, 91

Obstruction, biliary, chronic, 77

Omphalocele, due to hypervitaminosis A, 13

‘Opossum, endocarditis in, 4

Orangutan, Escherichia coli infection in, 100

Osteosarcoma, 114
Maloney sarcoma virus-induced (MSV), 114

Oxygen toxicity, 59
Pancreatolithiasis, 37
Panencephalitis, subacute sclerosing, 33, 68
Periodontal disease, 108
Periodontitis, chronic, destructive, 108
Phenylketonuria, in rats, 47
Phocomelia, due to hypervitaminosis A, 13
Pig (See also Swine)
hypervitaminosis A in, 13
lymphosarcoma in, 56

Plasma thromboplastin component (PTC) fac-
tor, 12

Plasmodium falciparum, 18
Plasmodium malariae, 78
Plasmodium vivax, 18
Plumbism, 11

Pneumonia, bacterial, virus-induced, 66
enzootic in swine, 96

Poisoning, lead, 11, 120
Polyneuritis, idiopathic, 1
Polyradiculoneuritis, idiopathic, 1
Porencephaly, 15

Porphyria, 6

Primates, nonhuman (See also Monkey)
endocardial fibroelastosis in, 31
endometriosis in, 80
Escherichia coli infection in, 101
lead poisoning in, 11
marmoset, periodontitis in, 108
oxygen toxicity in, 59
shigellosis in, 86
thalidomide syndrome in, 29
urothelial lesions due to Schistosoma hae-

matobium in, 115
varicella in, 69

Pseudolipidosis in Angus cattle, 44

Pulmonary hypertension, 31

Pyorrhea, 108
alveolaris, 108

Rabbit, adenocarcinoma in, 21
gammopathies in, 57
hydrocephalus in, 38
hypervitaminosis A in, 13
malignant lymphoma in, 60

Raccoon, transmissible mink encephalopathy
in, 20

Rat, adenocarcinoma of colon in, 42

adrenal apoplexy, acrylonitrile-induced, 101

alcoholic fatty liver in, 30

arthritis in, 46

Belgrade, anemia in, 7

Brattleboro strain, diabetes insipidus in, 107

carcinoma, hepatic, primary in, 35

Fischer-344, interstitial cell tumor in testis
of, 82 ’

Gunn, hyperbilirubinemia in, 26

hypertensive, 91

hypervitaminosis A in, 13

lipotrope-deficient, cirrhosis in, 50

lipotrope-deficient, fatty liver in, 50

medullary thyroid carcinoma in, 102

New Zealand black, osteosarcoma in, 114

obese, 91

phenylketonuria in, 47

silica-induced pulmonary alveolar lipo-pro-
teinosis in, 67

sustained intraportal infusion with fructose
in, 58

uterine vessel ligation in, 64

Reovirus, Type 3, 76, 77
Retardation, fetal growth, 64
Retinal degeneration, central, in cats, 45
Retinoblastoma, 95
Round heart disease, in turkeys, 49, 112
Sacral dysgenesis, 16
Sacrococcygeal agenesis, 16
Saturnism, 11
Sclerosis, multiple, 33, 68
Scrapie, in sheep, 20
Scrapie-like disease of mink, 20
Sekoke, 106
Sheep, Corriedale, Dubin-Johnson syndrome in,
2
glutathione synthetase deficiency in, 94
lymphosarcoma in, 56
Merino, muscular dystrophy in, 51
sacrococcygeal agenesis in, 16
scrapie in, 20
Southdown, congenital hyperbilirubinemia
in, 8
spina bifida in, 16
Shigellosis, 86

Schistosoma haematobium infection, 115

Situs inversus, due to hypervitaminosis A, 13

Skunk, striped, transmissible mink encephalo-
pathy in, 20

Slow virus infections, 20

Spina bifida, 13, 16



Swine, (See also Pig)
arthritis in, 46
bronchitis, chronic, in, 96
fever (hog cholera), 19
lymphedema in, 24
malignant hyperthermia in, 111
pneumonia, enzootic in, 96
Poland China, von Willebrand’s disease in,
110
porphyria, in, 6
Yorkshire, GM4 gangliosidosis in, 104

Syndactyly, 90

Syndrome, Crigler-Najjar, 26
Cushing’s, 89
diabetic, 81
Down’s, 25
Dubin-Johnson, 2
Ehlers-Danlos, 73
Gilbert’s, 8
Guillain-Barre, 1
Klinefelter’s, 5§
Nelson’s, 89
thalidomide, 29
Waardenburg’s, 34
Waterhouse-Friderichsen, 101

Syringomyelia, 88

Systemic lupus erythematosus, 27, 40

Teratocarcinoma, 10
embryo-derived, testicular, ovarian, 103

Teratoma, 10
embryo-derived, testicular, ovarian, 103
testicular, in mice, 10

Testicular feminization, 61

Thalidomide syndrome, 29

Thrombocytopenic purpura, 27

Thyroiditis, Hashimoto, 85
spontaneous, hereditary autoimmune, 85

Tocopherol, deficiency of, 62
Toxicity, oxygen, in nonhuman primates, 59
Toxoplasmosis, 3
Transmissible mink encephalopathy, 20
Tumor, benzo(a)pyrene-indued, in Syrian ham-
ster, 53
interstitial cell, in testis of rat, 82
malignant transplanted, 109

neuroectodermal, primitive, 95

Turkey, round heart disease in, 49, 112

Vagina, adenosis of, 116
clear-cell carcinoma of, 116

Varicella, 69

Ventricular septal defect, due to hypervitamin-
osis A, 13

Vibriosis, bovine venereal, 72

Virus, encephalomyocarditis, M variant of, 70
Vitamin A, deficiency of, 38

Vitamin E, deficiency of, 62

Von Willebrand’s disease, 110
Waardenburg’s syndrome, 34
Waterhouse-Friderichsen syndrome, 101
Werdnig-Hoffman disease, 99

X-linkage, 61

Yersinia enteritis, 93

Yersinia enterocolitica, 93

Yersiniosis, 93




