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The purpose of this study was to evaluate the validity of the single injection of inulin (PCIn) 
compared with standard exogenous creatinine clearance (CCr) in dogs with renal artery stenosis. 
Two methods for evaluating glomerular filtration rate (GFR), after single bolus intravenous 
administration of inulin, were assessed in 15 dogs with renal artery stenosis to reduce blood flow 
ranging from 30% to 80%. The first method was calculated by determination of plasma clearance of 
inulin using the quotient of the administered dose of inulin (1 g) divided by the area under the 
plasma inulin concentration vs. time curve (PCIn1) while the second method was calculated using a 
two-compartment model (PCIn2). The relationship between CCr and the plasma concentration of 
inulin 75 minutes (C75) after single bolus intravenous administration of inulin was also determined. 
Results indicated a significant correlation between either of PCIn1, PCIn2 or C75 with conventional 
CCr. These results support the evaluation of GFR by using PCIn and plasma inulin concentration 
values in dogs with acutely reduced renal blood flow. 
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Evaluation of glomerular filtration rate (GFR), the gold standard of renal function, is not 
routinely done due to the inconvenience of timed urine collection.  Thus, plasma concentration of 
endogenous creatinine and blood urea nitrogen (BUN) are used while they are insensitive and only 
detect reduced renal function after it is advanced. Standard methods to measure GFR include 
clearance of endogenous creatinine, exogenous creatinine or infusion of inulin (Finco et al., 1981).  

The endogenous creatinine was used in place 
of endogenous creatinine clearance in order to 
eliminate the inaccuracy caused by non-
creatinine chromogens (DiBartola, 1992). 
Collection of urine samples at repeated 
intervals and the infusion of creatinine or 
inulin are inconvenient and have limited the 
use of GFR.  The development of a single 
intravenous injection of agents and repeated.
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blood sampling avoids the need to collect urine (Van den Brom and Biewenga, 1981; Gleadhill et 
al., 1995; Moe and Heiene, 1995).  This method has been used with many substances including 
iohexol, Cr51-EDTA and 99M Tc-DTPA (Van den Brom and Biewenga, 1981; Moe and Heiene, 
1995; Brown et al., 1996; Gleadhill and Michell, 1996).  These methods require experienced users, 
repeated blood sampling and expensive equipments. 

Brown (1994) studied the renal function using a single injection of inulin in dogs with 
chronically reduced renal mass.  Results showed a positive correlation with the single injection of 
inulin when compared to standard creatinine clearance.  The same inulin method was used to 
evaluate GFR in normal dogs, dogs with suspected renal disease, and those with azotemic renal 
disease (Haller et al., 1998). 

While the single injection of inulin has been proven valid in dogs with chronic renal mass 
reduction, there are no reports of GFR measurement in dogs using a model of acute reduction of 
renal blood flow as seen in acute renal failure, acute urinary obstruction, and prerenal azotemia 
while the number of nephrons is intact.  The purpose of this study was to evaluate the validity of the 
single inulin injection in dogs using an acute renal artery stenosis model. 

 
Materials and Methods 

Experiments were performed in 15 male mixed breed dogs, weighing between 12-20 kg.  All 
dogs were clinically normal with normal plasma creatinine (Cr) and BUN values (between 0.68-
2.04 mg % and 7.0-26.6 mg %, respectively).  The dogs were divided into four groups. Group 1 
(n=5), group 2 (n=5), group 3 (n=3), and group 4 (n=2) had experimental renal blood flow reduction 
by 30, 50, 70, and 80%, respectively.  In group 3 with 70% renal blood flow reduction, urine flow 
rate was minimal, thus, 200 ml of normal saline solution was infused intravenously in order to 
promote urine formation, so creatinine clearance (CCr) could be measured.  Experiments were 
performed when dogs were anesthetized with thiopental sodium at the dose of 20 mg/kg and 
anesthesia was maintained on halothane inhalation.  The measurements of GFR were performed 
after renal clips were applied and the clips were maintained throughout the 2- hour experiment. 

 
Renal blood flow reduction protocol 

Reduced blood flow in both kidneys was achieved by clipping both renal arteries with silver 
clips.  Bilateral paravertebral incisions were made and both kidneys were exposed retroperitonially 
and the silver clips were applied on both renal arteries.  An ultrasonic flow probe (Ulsonic, Cornell, 
USA) was placed around the renal arteries proximal to the clips.  The degree of renal arterial 
stenosis was controlled by adjusting the clip to reduce renal blood flow reading from the flow meter 
by 30% to 80%.   
 
Procedures for measurements of GFR. 
Creatinine clearance measurement.  After induction of anesthesia, intravenous catheters were 
placed into the lateral saphenous vein and jugular vein.  A urethral catheter was introduced into the 
urinary bladder for urine collection.  The solution of Cr dissolved in NSS (2.5 g%) was 
administered at the dose of 40 mg of Cr per kg body weight by intravenous bolus administration via 
the saphenous catheter.  Continuous intravenous infusion of Cr dissolved in NSS (0.3 mg of 
Cr/min/kg) was delivered by infusion pump at the rate of 2 ml/min throughout the  period  of  study.  
After 40 minutes equilibration, the bladder was emptied.  The three consecutive 20-minute urine 
collections were made.  The heparinized blood samples were collected from the jugular catheter at 
the midpoint of each urine collection. 
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Plasma inulin clearance measurement.  A single bolus injection of 1 g. of inulin dissolved in 
normal saline solution (20 ml of 5% w/v) was administered intravenously through the saphenous 
catheter 20 minutes after the creatinine infusion was begun as described by Brown (1994).  The 
heparinized serial blood collections were performed at 1, 15, 30, 45, 60, and 75 minutes after inulin 
administration via jugular catheter. 

 
Analysis of clearance.  Creatinine concentrations in urine and plasma samples were analyzed using 
the Jaffe reaction.  Urinary creatinine clearance (CCr) was calculated using standard clearance 
formula.  The CCr for each dog was taken from the mean value for the 3 clearance periods.  Plasma 
inulin concentration was analyzed using anthrone colorimetric technique (Young and Raisz, 1952).  
Calculations of the plasma inulin clearance (PCIn) were performed by both an analysis of total area 
under the plasma disappearance curve of the indicator and a method of two-compartment model.  
The formal model (PCIn1), was calculated by dividing the administered dose of inulin (1 g) by the 
area under the curve of plasma inulin concentration versus time curve (AUC) as described by Hall 
and coworkers (1977).  The AUC was taken as the sum of A1 (the area under the curve from t = 0 
until t = 75 minutes) and A2 (the area under the curve from t = 75 until t = ∝) as described below:  

 
PCIn  = 1,000 mg/AUC 
             75 

A1 = Σ  0.5 ⋅ [C(ti) + C(ti-1)] ⋅ (ti- ti-1)  
                                     t = 0 

A2 = ∫∞75 C(t) ⋅ e-k∆tdt = C(75)/k 
 
Where C(ti) = plasma inulin concentration at t = i, k = rate constant of the second 

exponential part of the curve.  The value of k was obtained by least squares analysis of the graph of 
the natural logarithm of the plasma inulin concentration vs. time as described by Hall et al. (1977) 
using the final 3 plasma inulin concentrations. 

The latter model, PCIn2, the plasma inulin clearance was calculated by two-compartment 
model using all six blood samples and the equation derived from Sapirstein and his colleagues 
(1955) as follow.  

 
GFR = D/ (A/a + B/b) 
 
Where  GFR = glomerular filtration rate 
 D      = the dose of drug kg bodyweight-1 

A      = intercept of the rapid component 
 B      = intercept of the slow component 
 a       = the rate constant of the rapid component 
 b       = the rate constant of the slow component 
In addition, to compare CCr with PCIn1 and PCIn2, the plasma inulin concentrations at 75 

minutes, C75, were measured to evaluate renal function.  
 
Statistical analyses 

The data are expressed as mean ± SEM.  The student’s paired t-test was used to compare the 
differences between CCr and both PCIn1 and PCIn2.  The linear regression was used to evaluate 
relationship between CCr vs. both PCIn1 and PCIn2. Polynomial regression analysis was used to 
evaluate the relation between CCr and C75. 
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Results 
The clearance results obtained by CCr and PCIn methods are shown in Table I.  Renal artery 

clipping of 50% (n=5) resulted in reduction of CCr of 52% compared with 30% clipping.  When 
renal artery stenosis was performed to induce blood flow reduction for 70% (n=3) and volume 
expansion was required to maintain urine flow, a decline in CCr by only 13% was found versus 
30% blood flow reduction.  In group 4 (n=2), with 80% blood flow reduction without volume 
expansion, urine flow was not present and CCr could not be measured.  

By comparing the GFR using PCIn and CCr, it was found that in group 1 with 30% renal 
blood flow reduction, the CCr was not significantly different from results of either PCIn1 or PCIn2.  
In group 2 with 50% renal blood flow reduction, a significantly higher PCIn1 and PCIn2 was found 
comparing to CCr (P<0.05, both).  Group 3 with 70% renal blood flow reduction, the values of both 
PCIn1 and PCIn2 were not significantly different from CCr.  It was shown in this group that volume 
expansion caused higher GFR with increased CCr and PCIn by approximately 79% and 39%, 
respectively than dogs with 50% blood flow reduction.  In group 4 with 80% renal blood flow 
reduction, the lowest values of both PCIn1 and PCIn2 were found.  

Reduced renal blood flow by 50% resulted in gradual increased C75 values by 72% 
compared with group 1 with 30% renal blood flow reduction.  Volume expansion in group 3 
resulted in a decline in C75 by 31% comparing with group 2.  

 
Relationship between CCr and PCIn1 and PCIn2.  

The relationship between CCr and either PCIn1 or PCIn2 in all dogs (except group 4) are 
shown in Figure 1 (n = 13).  The linear regression analyses demonstrated the significant relationship 
with the R2 value of 0.828 and 0.836, respectively (P<0.001, both).  Volume expansion caused no 
differences in strength of relationships compared with renal arterial stenosis alone since the R2 
value between CCr and either PCIn1 or PCIn2 in dogs with renal arterial stenosis without volume 
expansion (group 1 and 2; n = 10) was 0.847 (P<0.001) and 0.844 (P<0.001), respectively. 

 
 Table I. Means ± SEM of creatinine clearannce (CCr), plasma clearance of inulin calculated by 
using an analysis of total area under the plasma disappearance curve of inulin (PCIn1), plasma 
clearance of inulin calculated by using two compartmental model (PCIn2), and plasma concentration 
of inulin at 75 minutes after intravenous administration of 1,000 mg inulin (C75) in animals after 
renal clip for decrease renal blood flow 30-80 %. 
 

 CCr 

(ml.min-1) 

PCIn1  

(ml.min-1)* 

PCIn2  

(ml.min-1)** 

C75  

(µg.ml-1) 

Clip 30% (n=5)      21.61 ±5.83      23.10 ±3.16      24.03 ±3.53      179.6 ± 34.7 

Clip 50% (n=5)      10.45 ±2.07      13.47 ±1.49†      13.54 ±1.44†      308.8 ± 40.9 

Clip 70% (n=3)      18.74 ±2.69      18.70 ±0.65      18.87 ±0.69      212.7 ± 19.2 

Clip 80% (n=2)        0.00 ± 0.00        8.54 ±1.12        8.00 ±1.17      432.0 ± 15.0 

Values are mean ± SEM; n = number of dogs; *  calculated by means of an analysis of total area under the plasma 
disappearance curve of the indicator model (Hall et al., 1977); ** calculated by means of two-compartment model 
(Sapirstein et al., 1955); † values differ significantly (P<0.05) from CCr value.  
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Figure 1.  Relation between exogenous creatinine clearance (CCr) and plasma clearance of inulin, 
PCIn1 (top) or PCIn2 (bottom), in 13 dogs.  The regression relations for these measurements were 
PCIn1 = 0.592 CCr + 8.545 (P<0.001; R2 = 0.828) and PCIn2 = 0.647 CCr + 8.032 (P<0.001; R2 = 
0.836). 
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Figure 2. Relation between exogenous creatinine clearance (CCr) and plasma concentration of 
inulin at 75 minutes after bolus injection of inulin 1 g, C75 in 13 dogs.  The regression relation for 
these measurements was C75 = 414.1 – 194.6 CCr + 31.7 CCr2  (P<0.001; R2= 0.780). 

 
Relationship between CCr and C75 

The C75 values were closely related to CCr in a non-linear fashion (R2 = 0.780, 
P<0.001) (Figure 2), which is described by a polynomial equation: 

 
 C75 = 414.1 – 194.6 CCr + 31.7 CCr2     
 
The R2 in dogs with renal stenosis without volume expansion (group 1 and 2; n = 10) was 

similar (R2 = 0.795, P<0.005). 
 

Discussion 
We examined the relation between single-injection inulin clearance (PCIn) and exogenous 

creatinine clearance (CCr) in dogs with acute experimental renal artery stenosis.  The mean value of 
exogenous creatinine concentration in this study (groups 1 - 3) was 10.52 ± 1.21 (SE) mg/dl. The 
mean exogenous creatinine clearance in normal dogs was reported earlier to be between 3.96 - 4.02 
ml/kg/min (Finco et al, 1981). In the present study, the exogenous creatinine clearances under the 
influence of renal artery stenosis to reduce renal blood flow were 1.773 ± 1.011, 0.649 ± 0.294, and 
1.479 ± 0.231 ml/kg/min in dog with 30%, 50%, and 70% with volume expansion, respectively.  

In the present study, we calculated PCIn from both the models based on an analysis of total 
area under the plasma disappearance curve of inulin (PCIn1) and two-compartment model (PCIn2).  
A major finding is that PCIn1 and PCIn2 values are almost identical and highly correlated.  
Estelberger and his colleagues (1995) reported that a two-compartment model was found to be the 
best way to calculate GFR although Hall et al. (1977) reported that this method tended to 
overestimate  the  GFR  as  determined  by  standard  inulin  clearance.   Our results demonstrate the 
agreement of using both total area under plasma disappearance curve and the two-compartment 
model for estimating GFR.  
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When the renal artery was constricted, both PCIn1 and PCIn2 were slightly higher than CCr 
when blood flow reductions was 30% and 50% which may be due to higher plasma creatinine 
concentration caused by non-creatinine chromogens.  When renal stenosis was 70%, there was no 
urine flow; therefore, NSS was infused as a bolus and then at 1 to 2 hours, urine flow reoccurred.  
The fluid load reestablished urine flow rate so that urine could be collected for calculating CCr.  
Volume expansion has previously shown to increase GFR in dogs with renal vascular constriction 
by norepinephrine infusion into the renal artery (Arger et al, l999). 
 Results in group 4 dogs with 80% constriction showed that both PCIn1 and PCIn2 provided 
an estimate of extremely low GFR while the use of CCr was not possible due to lack of urine 
production.  This result indicates the advantage of using PCIn in this model with renal 
vasoconstriction.  

Although this technique is simple and relatively inexpensive and does not require urine 
collection, six timed blood samples may be a limiting factor.  The use of only one blood sample 
taken at 75 minutes (C75) would be a very attractive alternative, as previously suggested by Brown 
(1994).  In our study, the results using C75 were correlated well to CCr.  Therefore, measurements 
of C75 in dogs may provide a simple, readily performed, reliable alternative to urinary collection 
technique. 

It is concluded that the PCIn and C75 values are closely related to classical CCr in dogs with 
renal artery stenosis.  Thus, we recommend the use of either PCIn or C75 to determine the severity 
of acute reduction of renal function or dogs with anuria and an uncertain diagnosis of renal 
dysfunction. 
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