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Abstract

Knotek Z., K. Hauptman, Z. Knotkovd, P. Hdjkova, P., F. Tichy: Renal Disease
Haemogram and Plasma Biochemistry in Green Iguana. ActaVet. Brno 2002, 71: 333-340.

Haemogram and plasma biochemistry were investigated in 20 green iguanas suffering from
renal disease. Anorexiawas present in 15 (75%) patients, frequently associated with limited hind
leg movement (50%). Constipation as a secondary complication of the colon compression by the
enlarged kidneyswas observed in 8 (40%) iguanas. Swelling of the hind legs appeared in 6 iguanas
(30%). The post-mortem examination revealed renal oedema, tubular necrosis, tubular and/or
interstitial nephritis, renal gout with tophi formation in 62.5%, 62.5%, 40.0% and 37.5% iguanas,
respectively. Evaluation of the haemogram reveal ed in these pati ents heterophilia, eosinophiliaand
azurophilia (means 5.3, 0.6 and 0.9 G/I, respectively), the number of heterophils and eosinophils
haveincreased significantly (p <0.05). Mean valuesfor the packed cell volume, RBC counts, WBC
counts, basophils and monocytes (0.351/1, 1.2 T/l, 12.8, 0.4 and 0.8 G/I, respectively) were within
physiological ranges, the number of lymphocytes (4.7 G/I) waslower (p < 0.05) than normal ranges
for healthy iguanas. Mean values for total protein, ALT, GGT, glucose, cholesterol, calcium and
potassium in plasma were within physiological ranges for green iguanas. The concentrations of
creatinine, AST, uric acid and phosphorus (61.07 pmol/Il, 5.02 pkat/l, 306.70 pmol/I and 5.95
mmol/l, respectively) in green iguanas with renal disease were increased (p < 0.05), whereas the
activity of ALP (0.38 pkat/l) was decreased (p < 0.05). As a consequence of the elevated
phosphorus levels the P:Caratio has increased significantly to 3.52 (p < 0.05). Evaluation of the
haemogram as well as plasma biochemistry may be regarded as a useful tool in the diagnosis of
renal failurein green iguanas.

Reptiles, kidney, gout, nephritis

Renal diseaseisacondition that isfrequently diagnosed post-mortem in different species
of herbivorouslizards. There are many different factorsthat can predisposeto renal disease
in reptiles. Chronic metabolic problems caused in green iguanas by basic mistakesin their
nutrition in captivity as well as poor husbandry are frequently observed and result in
different formsof renal disease (Wright and Cooper 1981; Troyer 1984). Renal failure
and metastatic calcification are major causes of death of adult iguanasin captivity (Boyer
et al. 1996; Ball et a. 1999). Clinical signs associated with renal disease may vary, but
usualy include lethargy, inappetence, depression, general weakness, tremor and paresis
(Boyer eta.1996; Antinoff 2000). Theprocessisusually chronicandthereforeagradual
reduction in appetite and activity, ataxia, problems with fecundity and fertility, retarded
weight gain or gradual weight loss could be observed by the owner.

There is still a paucity of information concerning the pathogenesis of renal disease in
reptiles. Renal disease in the form of glomerular, tubular and/or interstitial failure is
frequently missed by the clinician (Zwart 1992). Acute inflammation of the kidney can
result in adramatic heterophilia and monocytosis (azurophilia), whereas chronic bacterial
nephritis causes minor elevations of the total white blood cell count. Acute renal disease as
a primary disease may be associated with elevations of several enzymes including AST
(aspartate aminotransferase), GGT (y-glutamyltransferase), ALP (alkaline phosphatase),
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ALT (alanineaminotransferase) and L DH (lactate dehydrogenase). Chronic renal diseasein
reptiles is associated with elevation of plasma concentrations of phosphorus and uric acid
and alteration of the phosphorus.calcium ratio (Boyer et a. 1996).

The aim of this study was to characterise the haematological profile and plasma
biochemistry in green iguanas with rena disease and to establish the value of these
laboratory methods for diagnostic purposes.

Materialsand M ethods

Animals

A total of 20 greeniguanas suffering from chronic diseasewereincluded in the study. Patientswerereferred to Small
Animal Clinic, Faculty of Veterinary Medicine, by private veterinariansin the Czech Republic. Thefirst step consisted
of athorough anamnestic record taking (age of the animd at the time of first clinical signs, duration of the disease,
associations with the environmental factors and feed intake, health status of other animals kept). Such signs as the
current temperament of thelizard, type of |ocomotion, appetite, faecesand urine character, nasal dischargeand hindleg
statuswere evaluated. On the basis of anamnestic data, aswell asthe physical examination of the patient, iguanaswere
characterised individually as anorectic lizard (AL), lizard with limited hind leg locomotion without any visible bone
deformations (LHLL) and lizard with hind leg swellings as a consequence of metabolic bone disease (MBD).

Blood collection

Blood samples for the determination of biochemical aswell as haematological profiles were collected from the
ventral coccygeal vein approximately one-third of the tail length from the cloaca (Redrobe and MacDonald
1999). The 23G x 1 Luer needlewasinserted at an angle of 30 to 60° and advanced until the needle hit the vertebral
body. A total of 0.5-1 ml of blood was collected.

Haemogram

Packed cell volume (PCV) was measured using microhematocrit capillary tubes. Total red blood cell and white
blood cells counts were performed manually, using a hemocytometer with Natt and Herrick”s solution. Blood
smears were prepared immediately, using a coverdip technique, and were air dried. The Pappenheim method of
biphasi ¢ stai ning with May-Griinwal d and Giemsa-Romanowski stainwasused. Differential leukocyte countswere
assessed by enumeration of 200 cellsin each smear. Thiswas donein 15 iguanas. The smears were viewed by the
Jenamed 250 CF microscope (Carl Zeiss, Jena, Germany) connected with the camera 3-CCD HV-C20 (Hitachi,
Denshi, Japan).

Plasma biochemistry

Blood samplesof eachiguanain heparinised tubes (Heparin Lé¢iva inj., Prague) were centrifuged and the plasma
removed. The plasma samples were transported to the laboratory of Faculty of Veterinary Medicine and analysed
on the day of collection. All plasma biochemical assays were performed using automated analyzers — the
concentration of total protein (TP), creatinine, glucose, uric acid, blood urea nitrogen (BUN), cholesteral,
phosphorus (P) and activities of akaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyltransferase (GGT) were performed by CobasMira analyzer (Roche); plasma
concentration of calcium (Ca) and potassium (K) was performed by Atomspec analyzer (Hilger 1550).

Histopathology

Biopsy specimensfor the histological examination, obtained during general necropsy of the dead iguanas, were
preserved in 10% neutral buffered formalin for 12 to 24 h and processed in a standard paraffin technique. Renal
tissue sections of 4 - 6 pm were stained using hematoxylin-eosin. Differentiation of inflammatory lesions,
determination of individual types of inflammation, classification of neoplasia, and preliminary diagnosis of
bacterial diseases were performed in a speciaised laboratory of the Department of Anatomy, Histology and
Embryology. Documentation of the histological pictures were evaluated using the magnification of 100 to 1000
and an Olympus BX-40 microscope equipped for photo-documentation by adigital camera Olympus 2000 Z.

Statistical analyses
Statistical analyses of haematological and plasma biochemical values were performed using the Stat Plus
software (Stat Plus, version 1.01, 1990, VUVelL Brno, Czech Republic).

Results

Clinical symptoms iniguanas with renal disease and the effect of treatment
Clinical signs associated with renal disease in the group of twenty iguanas have varied
(Table 1). Anorexia was present in 15 (75%) patients, frequently associated with limited

Basic char
Animal Subspecies !

1 Iguanai. rhinolopha
2 Iguana.i. rhinolopha
3 Iguanai. rhinolopha
4 Iguana.i. rhinolopha
5 Iguana.i. rhinolopha
6 Iguanai. rhinolopha
7 Iguanai. iguana

8 Iguanai. iguana

9 Iguanai. iguana
10 lguanaii. iguana
11 Iguanai. iguana
12 Iguanai. iguana
13 Iguanai. iguana
14 | Iguanai. rhinolopha
15 Iguanai. iguana
16 Iguanai. rhinolopha
17 Iguana.i. rhinolopha
18 Iguanai. iguana
19 Iguanai. iguana
20 Iguanai. rhinolopha

1AL (anorectic lizard), LHLL (limite

hind legs movement (50%).
Constipation as asecondary cc
wasobserved in 8 (40%) iguar
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Haematological \

Parameters | Units

Min.
PCV I 0.30
RBC T/ 0.80
Total WBC G/l 7.60
Heterophils G/l 4.20
Azurophils G/l 0.30
Lymphocytes | G/l 1.20
Monocytes G/l 0.10
Eosinophils G/l 0
Basophils G/l 0
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inwater by gastric tube) and cloaca-colon washing with lukewarm water. Eight of 20 (40%)
green iguanas died in spite of the treatment during the study. The results of general
necropsies and histopathologic examination of the renal tissues are reviewed in the table
(Table 4).

Haemogram

PCV, RBC counts, WBC counts and differential 1ekocyte countsin the peripheral blood
of healthy iguanas and those with renal disease are reviewed in Table 2. We have revealed
heterophilia, eosinophilia and azurophilia. The numbers of heterophils and eosinophils
increased significantly (p < 0.05). Mean values for PCV, RBC counts, WBC counts,
basophilsand monocyteswerewithin physiological ranges, the number of lymphocyteswas
significantly lower than normal ranges for healthy iguanas (p < 0.05).

Blood plasmabiochemistry valuesin hTe;aIabtlr?ygi guanas and iguanas with renal disease
Green iguanas with renal disease Healthy green iguanast
Parameter n=20

Min. Max. Mean = SD Min. Max. Mean
Total protein gl 29.10 78.00 53.51+ 15.96 220 78.2 56.1
Glucose mmol/| 0.23 25.43 10.07 + 6.81 83 16.5 12.1
Uric acid pmol/I 44.00 815.60 |306.70+212.88% 70.4 145.3 89.32
Creatinine pmol/l 21.90 91.10 | 61.07+24.78P 8.8 66.3 35.2P
BUN mmol/| 0.46 2.88 1.35+0.83 0.1 25 0.9
ALP pkat/I 0.07 1.27 0.38+0.33¢ 0.7 49 26°¢
ALT pkat/I 0.08 234 0.74+0.64 <01 12 0.8
AST pkat/I 0.10 19.99 5.02+5.824 <01 16 1.2d
GGT pkat/I 0.02 0.33 0.13+0.17 <01 <01 <01
Cholesteral mmol/| 0.84 11.20 529+ 3.62 25 8.9 6.3
K mmol/| 3.87 452 4.18+0.33 13 5.2 32
Ca mmol/| 0.87 3.38 2.06+0.78 22 35 33
P mmol/| 161 11.90 595+3.21¢ 14 31 16¢€

1Knotek et al. (1999)
aa(p<0.05 bb(p<0.05 cc(p<0.05 dd(p<0.05 ee(p<0.05

Plasma biochemistry

Results of plasma biochemistry analyses of healthy iguanas and iguanas with renal
disease are summarised in Table 3. Mean values for total protein, ALT, GGT, glucose,
cholesterol, potassium and calcium were within physiological for healthy green iguanas.
Mean concentrations of creatinine, uric acid, phosphorus and AST increased significantly
(p < 0.05), mean activity of ALP decreased significantly (p < 0.05). The P:Caratio was
changed dramatically (p < 0.05) as a conseguence of the altered phosphorus plasmalevels.

Discussion

Renal disease is a common problem of reptiles kept in captivity and a major cause of
reptile mortality (Antinoff 2000; K6lle and Hoff mann, 2001). The clinical signs of
severerenal failurein agroup of twelve greeniguanasincluded anorexia, lethargy, tremors,
dyschezia, bloat and paresisin 75%, 66%, 66%, 58%, 25% and 16%, respectively (Boyer

Histopathologic:

Animal Subspecies
1 Iguanai. rhinolopha
2 Iguanai. iguana
3 lguanai. iguana
4 lguanai. iguana
5 lguanai. iguana
6 Iguanai. iguana
7 lguanai. iguana
8 Iguanai. rhinolopha
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by nasal salt glands (Frye and Townsend 1993). It means that, for instance, urine
osmolarity does not correlate with kidney function (Miller 1998). Unlike ureotelic
mammals, uricotelic reptiles produce variable concentrations of urea, depending on the
level of dehydration. The serum urea nitrogen and creatinine may not elevate even in renal
failure (Divers et a. 1996). However, Boyer et al. (1996) have observed altered
concentrations of creatinine aswell asglucose, AST, ALT and potassium in the peripheral
blood of green iguanas with severe renal failure. In the group of twenty green iguanasin
thisstudy, mean valuesfor total protein and potassiumin plasmawerewithin physiological
ranges (K notek et al. 1999). The concentrations of creatinine and activity of AST were
increased significantly. These findings are in accordance with Boyer et a. (1996), even
with some differences in the physiological range. The plasma activity of ALP was
decreased; mean values for ALT, GGT, glucose, cholesterol and calcium were within
normal ranges for healthy green iguanas (Knotek et al. 1999). It is felt that serum
concentrations of uric acid, phosphorus and calcium could be useful indicators of renal
injury or insufficiency (Divers et a. 1996; Kohler 1996; Mader 1996; Divers 1997;
Miller 1998; Kolle and Hoffmann 2001). The normal uric acid concentrationsin the
blood serum of green iguanas are within theinterval of 70.2-145.3 umol/I. Elevated serum
phosphorus concentrations and changesin the P:Caratio may occur in renal insufficiency.
The normal phosphorus and cal cium concentrationsin the blood serum of iguanas are 1.4-
3.2 mmol/l and 2.5 — 3.5 mmol/l, respectively (Knotek et al. 1999). Elevated uric acid
levels may indicate aminoglycoside intoxication, septicaemia and nephrocalcinosis
(Zwart 1992). However, uric acid level scan benormal in reptilessuffering primarily from
renal disease. While an elevated uric acid still remains a reliable indicator of renal
pathology, it may not elevate until the later stages of renal disease (Antinoff 2000). The
P:Caratio seems to be a much more sensitive parameter. Thisratio is altered at an earlier
stage of renal disease as compared to uric acid (Kdlle and Hoffmann 2001). The
pathological condition of kidneys results frequently in profound calcium metabolism
disturbance (Zwart 1992; Miller 1998). Renal disease is assumed when the plasma
concentration of phosphorus is higher than plasma cal cium concentration, and when both
parameters are altered significantly (K 6l1e and Hoff mann 2001). Boyer et al. (1996)
observed that the mean values for calcium were lower than normal range for healthy
iguanas. We have seen the same tendency, however without statistical significance. We
have confirmed, in accordance with the authors cited, increased plasmalevels of uric acid
and phosphorus. As a consequence of the altered phosphorus levels the P:Ca ratio was
changed significantly in greeniguanaswith renal disease. Thisisin accordancewith results
published by Divers (2000). Werecommend to examinethe plasmaconcentrationsof uric
acid, phosphorus and calcium (and to calculate the P:Ca ratio) in all anorectic green
iguanas, especially if chronic renal disease is suspected to be the cause.

Boyer et a. (1996) observed leukocytosis, heterophilia and high PCV in five iguanas
with renal failure. At our present study the mean values for PCV, RBC counts and WBC
counts were within normal ranges for iguanas. One potential problem is that the
haematological profile established for healthy green iguanas is laboratory-specific.
Leukocytosis, heterophiliaand high PCV described by Boyer et al. (1996) were 17.2 G/,
8.3 G/l and 0.37 I/1, respectively. The upper limit of leukocytesin the peripheral blood asis
seen on the haematol ogic reference range for clinically normal green iguanas published by
other authorsis 10.0—25.2 G/l (Divers et a. 1996; Harr et a. 2001). It is possible that
many healthy iguanas could be included mistakenly into the leukocytosis group. A similar
complication could have occurred in the case of PCV evaluation, as the reference ranges
published are 0.25 — 0.47 I/l (Divers et a. 1996; Harr et al. 2001). The number of
heterophilsin the peripheral blood of iguanas with renal failure described by Boyer et al.

(1996) seems to be high enou
published compilation of hagt
Mean vaues for heterophil:
significantly elevated. We fc
number of basophils and mon
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hemogramu a stanoveni biochemického profilu krevni plazmy u leguinii zelenych je
pfinosem v intravitilni diagnostice onemocnéni ledvin.
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