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Background: Cadmium is known as a unique heavy metal compared to others, due to its long 
half-life, low discharge from the body, toxicity at low concentrations and accumulation in tissues.

Methods: The effects of chronic and acute Cadmium (Cd) exposure were investigated on the 
morphology and histopathology of 24 field rats (Millardia meltada). The rats were divided into 
two groups of 12 each, then sub-divided into: one control and two treatment sub-groups with 
Cd in the feed or water. The treatment subgroups received either 15 mg/kg (low) or 30 mg/kg 
(high) Cd concentration in the feed. 

Results: Hemorrhagic spots and fibrosis were observed in the liver of Cd treated rats compared 
to the controls. Also, necrosis, dilation, and calcinosis occurred in the renal tubules of the 
treatment groups compared to the controls. The levels of hemoglobin, red and white blood 
cells, hematocrit, and mean corpuscular hemoglobin were reduced, while mean corpuscular 
volume and hemoglobin concentrations were increased.

Conclusion: This study reports the morphological, pathological and hematological 
abnormalities in the blood, liver and kidneys of rats due to Cd toxicity, which may be considered 
as the biomarkers of cadmium toxicity in other experimental mammals.
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Introduction

eavy metals are dangerous to health 
of organisms and ecosystem. Environ-
mentally, persistent and high toxicity of 
heavy metals is hazardous to the health 
of organisms [1]. Cadmium is considered 

as a major toxic, industrial and environmental pollutant. 
Cadmium is used in industries due to its physical and 
chemical properties [2]. As cadmium enters the body 
[3], it accumulates in various organs and systems, caus-

ing damage to such organs as brain, lungs, blood system, 
bone, liver, spleen, pancreas and testis [4-6].

 In the kidneys, cadmium causes severe toxicity and de-
fects to the glomeruli and proximal tubules, and leads 
to aminoaciduria, glycosuria, calciuria, phosphaturia, 
and Fanconi syndrome [7]. Cadmium can be absorbed 
back into the glomerular filtrate due to the interaction of 
Procalcitonin (PCT) receptors [8]. The biological life of 
cadmium is 15-30 years [9], which warrants the study of 
its toxic effects in various organ systems under chronic 
and acute cadmium exposure.
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Millardia meltada (M. meltada), a stable animal be-
longing to the rodent family Muridae, is commonly 
found in Pakistan, Bangladesh, India, Nepal and Sri Lan-
ka. The combined length of head and body is 13-16 cm 
with a 12-14cm tail [10]. It is yellowish to brownish gray 
dorsally and whitish ventrally. It lives in tunnels typical-
ly situated in embankments at the peripheries of fields. It 
is dispersed from Baluchistan to Khyber Pakhtunkhwa 
(formerly NWFP) and in some areas of southern Punjab 
[11]. The aim of this study was to investigate the effects 
of chronic and acute cadmium exposure on the morphol-
ogy and histopathology of the blood, liver and kidneys of 
field rats (Millardia meltada), which may be considered 
as biomarkers of cadmium toxicity for other mammals.

Materials and Methods

Chemicals: All of the chemicals used were of analyti-
cal grades. Cadmium chloride (CdCl2; MERCK, CAS≠ 
10108-64-2; Germany) was obtained from Bio-Control 
Lab, Department of Zoology, Wildlife and Fisheries, 
University of Agriculture, Faisalabad.

Animals and Maintenance: The rats (M. meltada) 
were captured from wheat fields, and the study was un-
dertaken at Bio Control Lab, University of Agriculture, 
Faisalabad. Pathogen-free rats were selected and were 
assigned to this study. They were housed under conven-
tional conditions, in suspended stainless-steel cages fit-
ted with a wire-mesh floor and front. The room tempera-
ture was kept at 22±2° C with the relative humidity at 
40%-70%. A 12 h light/dark cycle was maintained, and 
the number of circulated air changes was about once ev-
ery 10 h. Prior to the experiment, all rats were fed the 
basic diet without any additions. Drinking water was 
supplied in glass bottles, which were cleaned once daily. 
Food and water were provided ad libitum. All of the 
prevalent ethical guidelines of the University of Agricul-
ture at Faisalabad were followed with regard to animal 
care and experiments.

Clinical Observations: During the study, the animals 
were subjected to a clinical examination on daily basis. 
Abnormal signs and symptoms, such as loss of appetite, 
refusal to drink, characteristics of feces, development of 
abscesses and/or wounds, and loss of hair were taken 
into account and documented.

Experimental Design and Treatment: The rats were 
acclimatized to the laboratory environment for one 
week, and the 24 animals were divided into two groups 
of 12 rats each. Then they were subdivided into one con-
trol and two treatment subgroups with Cd in added to 

the feed or drinking water. The treatment subgroups re-
ceived either 15mg/kg (low) or 30mg/kg per (high) Cd 
concentration in their feed. 

Observations and Analyses: The rats were weighed 
daily and observed for their health condition and behav-
iors. Changes in the morphology such as the fur texture 
and color, and behavioral responses to tapping stimuli 
were documented. The food and water intakes were 
measured on a daily basis throughout the study. Also, 
few rats were reallocated among the groups in order to 
equalize the mean body weights at baseline.

Application of Bait: The pellet feed containing Cd 
was given to the rats in the experimental sub-groups 
only. The control rats were given Cd-free feed over the 
two months trial. Data representing food and water in-
takes were recorded on a daily basis.

Determination of Cd Concentration in Tissues: Af-
ter Cd exposure, blood samples were taken, animals were 
sacrificed, the kidney and liver tissues (1g each) were re-
moved and placed in polypropylene vials, containing 10% 
formalin. The tissues were grounded and homogenized in 
5ml normal saline before digestion in a mixture of 60% hy-
drochloric acid and 70% nitric acid. The digest was allowed 
to cool and filtered through Whatman’s filter paper, leaving 
a whitish residue. The filtrate was made up to 50ml, using 
distilled water and refrigerated until further analyses. The 
concentration of Cd was analyzed, using an atomic absorp-
tion spectrophotometer.

Histopathological Evaluations: The Bancroft and 
Gamble method [12] was used for the histopathological 
examination of the tissue samples. The collected tissues 
were fixed in 10% buffered formalin for 3 days. To re-
move the fixative, tissues were washed over night in run-
ning tap water. The water in the tissue samples was re-
moved by placing them in a series of ethanol as follows: 
50% for 7 h, 70% and 100% for 4 h, absolute ethanol I 
and II for 1h each, , and ethanol plus xylene for 45min. 
The tissues were cleared from dehydrating agent by im-
mersing them in xylene (xylene I for 30 min and xylene 
II for 15 min). The tissues were then embedded in melted 
paraffin I, II and III for 2 h, each. 

After the paraffin infiltration process, the tissue sam-
ples were embedded in paraffin wax in a special plastic 
mold to make blocks for further microscopic examina-
tions. Sections were then made into thin slices (5 µm) 
on a microtome, floated on surface of a warm water 
bath at 50-55° C, and were mounted directly on slides 
and numbered corresponding to the tissue specimens. 
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Thin smears of albumin were coated on the slides, and 
were dried at 37-40° C for 2-3 hours. The slides were 
incubated in an oven at 45-50° C for 30-60 minutes and 
then stained with hematoxylin and eosin stains (H & E). 
Slides were subsequently examined by light microscopy 
at 200 X and 400 X magnification for histopathological 
studies.

Blood Analyses: Blood samples were collected in 
EDTA tubes after dissection of the rats for the weekly 
evaluation of following parameters:

Hemoglobin (Hb; g/dL): Sahli’s method [13] was 
used for the estimation of hemoglobin concentration.

Hematocrit (Hct) / Packed Cell Value (PCV) (Hct 
or PCV; %): Microhematocrit method [14] was used 
for the determination of packed cell value.

Mean Corpuscular Volume (MCV; fL): MCV was 
worked out from RBC counts and PCV, using the follow-
ing formula:

 MCV= PCV(%)×10
RBC(106/µl)  = femto liters (fL)

Mean Corpuscular Hemoglobin (MCH; pg): MCH 
was calculated by following formula:

MCH= =pgHb(g/dl)×10
RBC(106/µl)

Mean Corpuscular Hemoglobin Concentration 
(MCHC; g/dl): MCHC was calculated by the following 
formula: 

MCHC= =g/dlHb(g/dl)×10
PCV (%)

Total Red Blood Cells Count (106/µL): A hemocy-
tometer counting chamber was used to count the red 
blood cell numbers.

Calculations: The number of RBCs per cubic millili-
ters (µL) of blood was calculated by taking into account 
the following multiplication factor. Multiplying factor 
=200×10×25=50,000.

Total White Blood Cells Count (103/µL): A hemocy-
tometer was used to count the white blood cell numbers. 
The following multiplication factor was used to calcu-
late the number of WBCs per cubic milliliter (mm3) of 
blood: Multiplication Factor =20×10×1=200.

Statistical Analyses: Minitab V. 17 was used for the 
analysis of data with Mean±SD, two factorial CRD, 

ANOVA, and Tukey’s tests to measure the variation and 
correlation among the groups and subgroups. The statis-
tical differences were considered significant at P<0.05.

Results

Morphological and Behavioral Changes: During 
the 1st month of the study, after the administration of 
Cd at low dose (15 mg/kg/D), the rats’ fur texture re-
mained smooth and soft, the color remained blackish, 
and all rats actively responded to sound stimuli (knock-
ing on cages). During the 2nd month, fur texture became 
somewhat hard and coarse but there was no change in 
the color. During the two months, rats showed fast to 
slow responses to the stimulus. At a daily high Cd dose 
(30 mg/kg), the fur color turned light blackish and the 
texture became coarse. No such changes were observed 
in the control rats.

Physiological Changes

Effect of Cd on Feed, Water Intake and Body Weight: 
The feed consumption of rats exposed to low and high 
Cd decreased significantly as compared to that in the 
controls. Water intake was significantly increased 
(P<0.05) in feed+Cd (Group T2) as compared to 
water+Cd (Group T4) and the controls (Group T6). The 
control group had significantly higher body weight com-
pared to those in the feed+Cd (Group T2) and water+Cd 
(Group T4). The rats fed with 15mg/kg Cd had signifi-
cantly higher (P<0.05) body weight compared to those 
that received 30mg/kg Cd (Table 1).

Histopathology

Effect of Cd on Rat Liver: In the control group, the 
liver lobules contained normal hepatocytes, parenchy-
ma, fine hepatic cords and sinusoidal spaces. The hepa-
tocyte nuclei were normal with fine chromatin observed 
in the nucleoli (Figure 1A). In the treated rats, the hepat-
ic tissues developed many pathological changes, such as 
scattered chromatin and small nuclei compared to those 
seen in the controls. The cytoplasmic vacuolization of 
hepatocytes was prominent in rats treated with high 
Cd dose, with nuclear pyknosis, cell membrane rup-
tures, indistinct nuclei, nucleoli, and chromatin strands. 
Also, clear vacuoles were observed around the nuclei 
plus hemorrhagic spots, widespread fibrosis, interstitial 
mononuclear cellular infiltrations in the hepatocytes. 

In low Cd group, mild degrees of vacuolar degenera-
tions were observed in the cytoplasms. The hepatocytes 
nuclei appeared pyknotic sporadically, indicative of cell 
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necrosis. A mild degree of cellular infiltration was noted 
throughout the hepatocytes, with mild to moderate conges-
tion present in the parenchyma (Figures 1B & 1C). Inter-
cellular necrotic gaps in the hepatic lobules appeared dis-
tinctly in high Cd dose group compared to those observed 
in the low Cd group. Also, moderate degrees of vacuolar 
degenerations were seen and the sinusoidal spaces were 
diminished due to cellular swelling in high Cd group. 

Also, there were numerous cell infiltrations throughout the 
parenchyma with sporadic pyknotic nucleoli in the hepa-
tocytes, indicative of necrosis. Congestion in the hepatic 
parenchyma was also found and the hepatic portal showed 
atrophy with sinusoidal dilations (Figurs 1D & 1E).

Effect of Cd on Rat Kidneys: No histological changes 
occurred in kidneys of the control group with normal ar-
rangement of proximal and distal convoluted tubules, re-

Table 1. Effect of Cd on the food and water consumption and body weight (g) of field rats

Variable Treatment Group 1
(15 mg/kg/Day)

Group 2
(30 mg/kg/Day) Mean

Food intake

T2 554.75±43.79 554.75±52.45 554.75±33.00B

T4 689.50±25.34 580.75±46.53 635.13±29.19B

T6 860.00±45.48 903.00±12.69 881.50±23.47A

Mean 701.42±33.88A 679.50±40.07A -

Water intake 

T2 2058.00±31.42 2075.50±40.80 2066.75±24.97A

T4 1359.25±95.57 1370.25±124.36 1364.75±75.78C

T6 1449.00±223.81 1799.00±135.09 1624.00±134.1B

Mean 1622.08±101.48A 1748.25±85.14A -

Weight

Control 73.34±1.39ab 75.26±1.42a 74.30±0.99A

Feed+Cd 71.93±1.85ab 63.98±2.27c 67.96±1.50B

Water+Cd 68.57±2.44bc 52.65±3.27d 60.61±2.16C

Mean 71.28±1.12A 63.97±1.57B -

Means sharing different letters (Small letters “a, b, c and d” represent comparison among interaction means; Capital letters “A, 
B, and C” represent the overall mean differences) in a row or in a column are statistically significant (P<0.05)

T2= weight of bolus consumed (g) by feed+Cd group; T4 = weight of bolus consumed (g) by water+Cd group T6= weight of 
bolus consumed (g) by the rats in the control group

Table 2. Cadmium accumulation in the liver and kidneys of field rats

Variable Treatment Group 1
(15 mg/kg/Day)

Group 2
(30 mg/kg/Day) Mean

Cd Accumulation in Liver

Feed+Cd 26.27±0.51 35.34±0.37 30.81±0.53B

Water+Cd 27.13±0.31 36.72±0.21 31.93±0.49A

Mean 26.70±0.30B 36.03±0.22A -

Cd Accumulation in Kidneys

Feed+Cd 24.76±0.36 33.64±0.68 29.20±0.57B

Water+Cd 29.14±0.37 36.38±0.31 32.76±0.42A

Mean 26.95±0.33B 35.01±0.39A -

Means sharing similar letters (A and B) in a row or in a column are statistically significant (P>0.05) 
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nal corpuscles, collecting duct and Henle’s loop. The renal 
parenchyma tubular epithelial cell, nuclei and glomeruli 
had normal appearances. The glomerular capillary loops 
were thin and delicate, and the endothelial and mesangial 
cells were normal in morphology and number, with the 
urinary spaces appeared clear (Figure 2A).

In Cd treated groups, the kidneys appeared pale, tis-
sue lesions were observed in the medulla and cortex, 
with necrosis, dilation and calcinosis seen in the tubules. 
Massive local hemorrhage and destruction of the base-
ment membrane occurred in the renal tissue. There were 
abnormal renal structures, thin epithelial layer and lu-

Table 3. Effect of Cd on the blood parameters of field rats

Variable Treatment Group 1 (15 mg/kg) Group 2 (30 mg/kg) Mean

Hemoglobin (g/dl)

Control 12.37±0.111a 12.37±0.111a 12.37±0.076A

Feed+Cd 9.65±0.061b 9.52±0.069b 9.58±0.048B

Water+Cd 8.63±0.057c 7.51±0.030d 8.07±0.148C

Mean 10.22±0.332A 9.80±0.418B -

Red Blood Cells (106/µl)

Control 7.89±0.022a 7.89±0.022a 7.89±0.015A

Feed+Cd 6.35±0.016c 6.72±0.036b 6.54±0.051B

Water+Cd 5.16±0.012d 5.17±0.010d 5.17±0.008C

Mean 6.47±0.233B 6.59±0.232A -

Hematocrit (%)

Control 0.443±0.021 0.443±0.021 0.448±0.015A

Feed+Cd 0.443±0.015 0.499±0.025 0.471±0.016A

Water+Cd 0.400±0.019 0.398±0.026 0.399±0.016B

Mean 0.428±0.011A 0.446±0.016A -

White Blood Cells (103/µl)

Control 13.89±0.040 13.89±0.040 13.89±0.028A

Feed+Cd 13.55±0.015 13.56±0.016 13.55±0.011B

Water+Cd 13.51±0.014 13.48±0.020 13.49±0.012C

Mean 13.65±0.039A 13.64±0.040A -

Mean Corpuscular Volume (fL)

Control 60.33±0.009d 60.33±0.009d 60.33±0.006C

Feed+Cd 61.45±0.040b 61.71±0.048a 61.58±0.045A

Water+Cd 60.80±0.059c 61.51±0.037b 61.15±0.097B

Mean 60.86±0.098B 61.18±0.128A -

Mean Corpuscular Hemoglobin (pg)

Control 18.22±0.027 18.22±0.027 18.22±0.018B

Feed+Cd 18.30±0.022 18.31±0.022 18.30±0.015A

Water+Cd 18.22±0.018 18.21±0.019 18.21±0.013B

Mean 18.25±0.016A 18.25±0.015A -

Mean Corpuscular Hemoglobin 
Concentration (g/dl)

Control 31.31±0.016b 31.31±0.016b 31.31±0.011A

Feed+Cd 31.24±0.015c 31.25±0.009c 31.24±0.008B

Water+Cd 31.39±0.014a 31.23±0.022c 31.31±0.024A

Mean 31.31±0.015A 31.26±0.012B -

Means sharing different letters, i.e, small letters “a, b, c and d” represent comparison among interaction means and capital let-
ters “A, B, and C” represent the overall mean differences in a row or in a column are statistically significant (P<0.05)
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men, and curly microvillus brush borders. In low Cd 
group, the renal parenchyma showed cell infiltrations 
and few pyknotic nuclei in the tubular epithelial cells, 
indicative of cell necrosis. 

In few slides, fluid was present in the lumen of the 
renal tubules with mild to moderate degrees of conges-
tion in the renal parenchyma (Figures 2B & 2C). In 
high Cd group, severe necrosis and degeneration in tu-
bules were observed, and the glomeruli were muddled 
with significant distortions in the Bowman’s capsules. 
The cellular integrity was compromised significantly 
in the proximal and distal convoluted tubules with dis-
rupted nuclei, pale cytoplasm and scanty chromatin ob-
served (Figures 2D & 2E).

Cadmium Concentration in Liver and Kidney Tis-
sues: The mean values of Cd accumulation in the liver 
and kidneys were significantly lower in low Cd group (15 
mg/kg) as compared to that in high Cd group (30 mg/kg). 
The mean Cd accumulation in the liver and kidneys were 
significantly higher in water+Cd group (P<0.05) than that 
in the feed+Cd group (Table 2). 

Effect on Blood Parameters: Hemoglobin was sig-
nificantly higher (P<0.05) in low Cd group (15 mg/kg) 

compared to that in the high Cd group (30 mg/kg). He-
moglobin was significantly higher (P<0.05) rats receiving 
water plus low Cd compared to that in the high Cd group. 
The control group had significantly higher (P<0.05) he-
moglobin compared to either group that received Cd in 
their feed or water (Table 3).

Red Blood Cell (RBC) numbers were significantly high-
er (P<0.05) in the high Cd group than in the low Cd group. 
The control group had significantly higher (P<0.05) red 
RBC compared to those receiving Cd in their feed or wa-
ter. The mean hematocrit value was significantly lower 
(P<0.05) in rats receiving Cd in water than those noted 
for Cd in the feed, and in the control groups. The mean 
White Blood Cells (WBC) value was significantly lower 
(P<0.05) in rats receiving Cd in either feed or water, than 
in the controls (Table 3).

The Mean Corpuscular Volume (MCV) significantly 
decreased (P<0.05) in low Cd group compared to that in 
high Cd group. Treatment with Cd in the feed significantly 
increased (P<0.05) the MCV compared to Cd present in 
the water, and the levels observed in the controls. 

A similar relationship was observed for the Mean Cor-
puscular Hemoglobin (MCH), i.e. the MCH was signifi-
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30mg/kg/day in feed; and e. Cd treatment with 30mg/kg/day in water.
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cantly higher when Cd was added to the feed than to the 
water. The Mean Corpuscular Heamoglobin Concentra-
tion (MCHC) was significantly higher (P<0.05) in low 
Cd group than in high Cd group. Also, treatment of rats 
with Cd in the water stimulated a significantly higher 
MCHC that Cd in the feed in both low and high Cd, 
compared to the controls (Table 3).

Discussion

Heavy metals are known to be hazardous to the health 
of organisms and ecosystem. Cadmium (Cd) is an en-
vironmental toxin of prevalent exposure and persistent 
toxicity [15]. The present study was conducted to in-
vestigate the effects of acute and chronic Cd exposure 
on the morphology and histopathology of field rats. We 
observed that the fur texture changed to some extent as 
hard and coarse and its color remained blackish (15 mg/
kg body weight/day). A light blackish fur color and hard 
and coarse fur texture were observed with the high dose 
of Cd (30 mg/kg body weight/day). The mean values for 
weight were also significantly declined with respect to 
the time and mode of exposure. The weight decline in 
rats was greater with high Cd than in low Cd treatment. 

Effects on Food and Water Consumption: This study 
found that the feed and water intakes were decreased in 
rats treated with Cd. Similarly, it has been reported that Cd 
accumulates in liver, resulting in reduced Cd concentra-
tions in other organs [16] The intake ratio declined less in 
low Cd treated rats compared to those treated with high 
Cd. The intake ratio decreased significantly in rats which 
were given Cd in water as compared to those that were 
given Cd in th feed. Control group had significantly higher 
body weight compared to both feed+Cd and water+Cd 
groups. Our findings suggest that the addition of Cd to 
the feed and water adversely affects the animals’ appetite, 
digestion and ingestion. Our findings are consistent with 
those reported by other studies previously [16, 17]. 

Effects on the Liver: Liver is known to be a target or-
gan and exposure of liver to cadmium is critical for the 
induction of toxicity. Histopathology of tissues revealed 
that cellular lesions occurred in treated rats. In the low 
Cd dose group, mild degrees of vacuolar degenerations 
in the cells’ cytoplasm were observed. The hepatocytes 
showed pyknotic nuclei sporadically suggestive of cell 
necrosis. A mild degree of cellular infiltration was seen 
throughout the liver parenchyma. Mild to moderate con-
gestion was present in the parenchyma.

Wakeel J., et al. Morphology, Histopathology and Hematology and Biomarkers of Rats. Iran J Toxicol. 2020; 14(1):33-42.

Figure 2. Histopathology of kidney of rat

a. control; b. Cd treatment with 15mg/kg/day in the feed; c. Cd treatment with 15 mg/kg/day in water; d. Cd treatment with 
30 mg/kg/day in feed; and e. Cd treatment with 30 mg/kg/day in water
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In high Cd dose group, moderate degrees of vacuolar 
degenerations were seen and sinusoidal spaces were di-
minished due to cell swelling. Hepatic portals showed 
atrophy and sinusoidal dilation. These histological al-
terations may have occurred due to the formation of 
free radicals and per-oxidation of lipids due to Cd tox-
icity [18]. In this study, Cd was accumulated largely 
in the liver and kidneys in rats. This heavy metal was 
deposited in these tissues at higher concentrations if it 
was dissolved in the drinking water compared to being 
added to their feed [19]. 

Effects on the Kidneys: Histopathological observa-
tions revealed that Cd caused edema [20] apoptosis, 
necrosis and tissue degeneration in the kidneys [21]. In 
the present study, in low Cd dose group, renal paren-
chyma showed sporadic cell infiltration and pyknotic 
nuclei of tubular epithelial cells, indicative of necrosis. 
Fluid was also present in lumen of renal tubules occa-
sionally. Mild to moderate degrees of congestion were 
seen in the renal parenchyma. 

In high Cd dose group, severe tubular necrosis and 
degenerations were observed. Glomeruli were muddled 
and significant distortion in Bowman’s capsules was 
noted. Cellular integrity was compromised in proximal 
and distal convoluted tubules. Disrupted nuclei, paler cy-
toplasm and scanty chromatin were observed. It has been 
reported that Cd exposure affected the glomeruli similar 
to those observed in our study [22].

Hematological Effects: This study observed reduc-
tions in the Hb, RBC, WBC, Hct, and MCH parameters 
while increases in the values of MCV and MCHC. The 
high Cd dose decreased the number of RBC’s, leading 
to anemia. Similar results have also been reported previ-
ously [23]. The number of RBC’s was also reduced due 
to hemolysis, secondary to the Cd toxicity [24]. A re-
duction in the hemoglobin concentration has also been 
detected previously in rats treated with paracetamol [25] 
and cadmium chloride [26].

Conclusions

This study concludes that Cd causes morphological 
and physiological abnormalities as well as pathological 
effects on rats’ organ systems. Cadmium affects the blood 
by lowering the cell counts and the volume, leading to 
anemia. The morphology, histopathology and hematology 
outcomes of this study can potentially be considered as 
the biomarkers of Cd toxicity in other laboratory animals.
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