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Effect of sulfa drugs on kidney function and renal scintigraphy
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SUMMARY AT A GLANCE

This experimental study in rabbits showed
that sulfa drugs cause deteriorations in
renal function, by affecting both
reabsorption and excretion of renal tubule.
The drugs also induce pharmacokinetic
changes by delaying Tmax as well as Tip.

ABSTRACT:

Aim: The sulfonamide group is widely used for bacterial diseases including
kidney and urinary tract infections. The present study investigates the effect
of a sulfa drug on kidney function and renography studies by using a
radionuclide.

Methods: Renography studies were performed on New Zealand white
rabbits. Each rabbit was injected with 48.1 MBq technetium-99m
mercaptoacetyltriglycine (**"Tc-MAG-3). Dynamic images were acquired
using a gamma camera. Radioactivity time curves were generated from the
regions of interest, time to peak activity (Tmax) and time from peak to 50%
activity (Ty2). Each rabbit served as its own control. The sulfa drug was given
to these rabbits for 7 days (i.v injection 130 mg/kg daily in two divided doses;
i.e. the single dose is 65 mg/kg), then dynamic images were acquired.
Results: Treatment with sulfa shifted the experimental curves to the right of
the control curves. This result showed that there was a delayed renal uptake
of #™Tc-MAG-3 and its clearance. Calculated averages of Tm.x were 2.2 £ 0.3
and 5.9 £ 0.5 min; while for T,, were 3.1+0.3 and 8.4+ 0.6 min for control
and sulfa-treated rabbits, respectively (n = 20; P < 0.05).

Conclusion: Our results indicate that sulfa drug induced pharmacokinetic
changes because of delaying both the Tmax and T,,,. Sulfa drug has an effect
on the reabsorption from the renal tubules and the excretion process of
PmTc-MAG-3 which is excreted almost exclusively by the renal tubules.
Therefore, sulfa drug causes a deterioration in kidney function and an
alteration on radionuclide renography.

Sulfa drugs are the first class of antibacterial preparations
approved for widespread use. They possess bacteriostatic
effects."? The chemical structure of sulfa is very close to
p-aminobenzoic acid. Therefore, they compete with it for the
enzyme dihydropteroate synthetase, which is important in
the formation of folic acid. Folic acid is required for the
synthesis of precursors of DNA and RNA both in bacteria and
in mammals. While mammals obtain their folic acid in their
diet, bacteria need to synthesize it.> Sulfa drugs are rapidly
excreted and soluble in urine so they are used to treat infec-
tions of the urinary tract.* The sulfa drugs have a low solu-
bility in the body fluids. After filtering out of the blood into
the urinary fluid of the kidney, they are normally concen-
trated five times or more through the reabsorption of water
from the filtrate by the kidneys.* The sulfa drugs may exceed
their solubility and precipitate in the urinary system. More-
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over, kidney dysfunction and decrease in renal excretion
lead to accumulation of sulfa drugs and their metabolites and
this significantly increases the risk of their nephrotoxic
action up to severe interstitial nephritis and necrosis of renal
tubules.® Sulfa drugs can be used to treat the infection of
many body organs. Infection of the kidney (pyelonephritis)
and the ureters also can be treated by sulfa. Chronic toxicity
from sulfa drugs is more important than acute toxicity,
because it can lead to renal failure.® The most significant
form is kidney toxicity, which occurs after several days of
therapy because the kidneys fail to excrete the sulfa properly.

In the last few years, high-dose sulfa therapy has been
widely used for treatment of several important diseases such
as toxoplasmic encephalitis in AIDS patients.” As a conse-
quence, sulfa nephropathy has become increasingly com-
mon.® Sulfanilamides are used also to treat meningococcal
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meningitis.” Halogenated sulfonamide derivatives have the
potential for developing antimycobacterial agents against
many strains exhibiting multidrug resistance.!”

Nuclear radiology is valuable in assessing the pathophysi-
ology of a variety of organ systems. Pharmacological inter-
ventions are often employed in radionuclide imaging to
monitor the physiological changes, which in turn facilitate
the diagnosis and clarify the effect of drugs on any organs
such as the kidney.!!

*
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Control Sulfa Drug

Fig. 1 Calculated mean values of time to Tmax and Ty, for the control rabbits
and after sulfanilamide treatment using technetium-99m mercaptoacetyl-
triglycine, *P < 0.05, **P < 0.01. Black bar, Tmax; lined bar, Tip.
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Uptake[2-3 min] 50.6 49.4
Peak Time [min] 2.2 2.2
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Sulfa and kidney

The aim of this study is to evaluate the effect of chronic use
of the sulfa drug on kidney function by using radionuclides.
The results will provide new evidence on their side-effects in
kidney.

METHODS

Experimental animals

Twenty adult male New Zealand white rabbits of the same age
(10 weeks) weighing 3-3.5 kg were studied. All animals were kept
on adequate food and water in our animal house facility. Experi-
ments were performed in accordance with guidelines approved
by the Institutional Animal Care and Use Committee of Kuwait
University.

Radionuclide imaging

Marginal veins in rabbits ears were connected to butterfly needles.
Each rabbit was anaesthetized with ketamine (40 mg/kg i.v). Addi-
tionally, 60 mL of normal saline were administrated i.v. The saline
was administrated 30 min prior to the administration of the radiop-
harmaceutical to further ensure adequate hydration. Renographic
studies were performed for all the rabbits (control) then after their
treatment with sulfanilamide. The treated rabbits were adminis-
trated 130 mg/kg sulfanilamide daily (in two divided doses, each
65 mg/kg) by i.v. injection for 1 week.

Each renographic study was performed using 48.1 MBq (1.3 mCi)
technetium-99m mercaptoacetyltriglycine (*"Tc-MAG-3). Studies
were acquired using a gamma camera (T55B-1473; Meridian
System, Denmark) equipped with a low-energy, high-resolution,

Right - Left
Uptake[2-3 min] 51.1 48.9
Peak Time [min] 10.2 10.8
T1/2 from Peak[min] -10.2 19.5
Perfusion Index 125.5 1524

Kidney 2-3 Min POSTVOID Img
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Fig. 2 Time-activity curves (renograms) for (a) control rabbit and (b) after sulfanilamide treatment using technetium-99m mercaptoacetyltriglycine. Note the delay

in peak and the delayed clearance of activity from kidneys.
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Fig. 3 Sequential functional images for (a) control rabbit and (b) after sulfanilamide treatment illustrate more retention of radioactivity in the kidneys after

sulfanilamide treatment using technetium-99m mercaptoacetyltriglycine.

parallel-hole collimator interfaced with a dedicated computer.
Rabbits were positioned after anesthesia in the supine position.
Dynamic images were acquired in the posterior projection for 2 s
frames for the first 1 min (flow phase) and every 30 s for the next
30 min (sequential functional phase) on a 64 x 64 matrix. Post-void
static images were acquired for 60 s on a 256 x 256 matrix. Regions
of interest were drawn over the whole kidneys and the urinary
bladder manually. Radioactivity time curves (renograms) were

212

automatically generated, and corrected for background of both
kidneys. Curves were drawn by using a Xeloris workstation (version
1.06; GE Medical Systems, Cleveland, OH, USA). The time to peak
activity (Tmay), time from peak to 50% activity (T),,) and the uptake
slope of each kidney were automatically calculated from the
renograms. The same protocol was repeated for the same rabbits
after sulfanilamide administration for 1 week using the same param-
eters and the same operator.
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Sulfa and kidney
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Fig. 3 Continued

RESULTS

Radionuclide imaging

Renograms were normal, sharp and exponential, with time
to peak of 2.1 £ 0.3 min and T;,; = 3.1 £ 0.3 min for control
kidney using **"Tc-MAG-3. After sulfanilamide administra-
tion, the overall function reduced with delayed cortical clear-
ance, and the renograms were shifted to the right. There was

© 2014 Asian Pacific Society of Nephrology

a delay of Tmax and prolongation of Ty, in all treated rabbits.
The values were 5.9%£0.5 and 8.4+0.6 min. (n=20;
*P < 0.05), (Fig. 1).

Figure 2 illustrates an example of renographic studies of
one rabbit using **"Tc-MAG-3 before and after sulfanilamide
administration. After the treatment, the curves shifted to the
right compared to the control curves indicating that there
was delayed renal uptake of *"Tc-MAG-3 and clearance of
radioactivity. Conversely, Figure 3 illustrates sequential
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Fig. 4 Sequential perfusion images of (a) control rabbit and (b) after sulfanilamide treatment.

functional images of the same rabbit before and after
sulfanilamide. Clear delays in the appearance of the bladder
and in the clearance of renal activity are evident.

In all the flow studies, the kidney appeared at the same
time as the appearance of the aorta as shown in Figure 4.
This indicates that the blood flow to the kidney is not affected
by sulfanilamide administration. Both left and right kidneys
have the same results in all renograms. The mean split func-
tion is 49.9 £ 0.1 and ranged 49.6-50.4%.

214

DISCUSSION

Treatment with sulfanilamide is sometimes indicated in
patients suffering from nephritis or in those with infections
which may lead to renal disease. It is known that the
kidney has an increased susceptibility to being damaged
by this drug.*'? The sulfa drugs are widely used as
antibacterial agents for many other conditions. These drugs,
however, can cause hypersensitivity and severe skin rash,
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toxicities which are now associated with the presence of
the aniline structure (4-amino). Sulfanilamide metabo-
lite 4-hydroxylaminobenzenesulfonamide (4-HABSA) was
formed in the kidney. It was suggested that 4-HABSA plays
an important role in the rat renal damage in vitro.">'* Sulfa
drugs are known to possess low water solubility, and may
precipitate in renal tubules in the face of dehydration. A
major side-effect of sulfa therapy is the occurrence of crys-
tallization in the urinary collecting system.*!>!¢ A previous
report studied two cases of sulfadiazine-induced obstructive

© 2014 Asian Pacific Society of Nephrology

nephropathy that were diagnosed with ultrasound (US).
Renal US demonstrated layered clusters of echogenic shad-
owing material presumed to be sulfa crystals which cleared
when the crystalluria resolved. These sulfa calculi can lead
to subsequent obstructive nephropathy.'® Sulfa medica-
tions, although used in a variety of antibacterial, anticon-
vulsant and diuretic applications, can further complicate
urinary calculi-associated problems, among others, by the
crystalline aggregates in these drugs. Generally, however,
the solubility of sulfa drugs and their ability to induce
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calculi is significantly increased by higher urinary pH levels.
This potentially serious complication can be managed easily
with conservative treatment.!'” Clinicians should be aware
of this complication as it is expected to occur more fre-
quently as more patients are treated with sulfa drugs.
Radionuclide renography can be used to evaluate the
perfusion and function of kidney. The rapidly excreted
radiopharmaceuticals are used to assess individual renal
function. The interval between radiotracer administration
and excretion of activity into the collecting system, is a
measure of cortical function. Delayed appearance of the col-
lecting system is associated with renal insufficiency.'®*! The
interval between radiotracer administration and maximum
cortical activity is another parameter of function. It is meas-
ured from the time-activity curve. This study investigated
the effects of sulfanilamide on kidney function using the
tubular agent *"Tc-MAG-3 and showed delay in Tm. and
Ti2. The effect was threefold delay after sulfanilamide treat-
ment compared with controls. The mechanism that results in
this difference was not noticed or studied before. This study
showed that sulfa drug has an effect on the reabsorption
from the renal tubules and the excretion process of **™Tc-
MAG-3 which is excreted almost exclusively by the renal
tubules. Therefore, the adverse effects of sulfa drug are not
only via the formation of calculi as known, but due also to
induction of pharmacokinetic changes. Therefore, it is con-
cluded that sulfa drug causes a deterioration in kidney func-
tion and also an alteration on radionuclide renography.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the Public Authority
for Applied Education and Training for the provision of grant
no. HS-07-01 and the authors also would like to acknowl-
edge the Nuclear Medicine Department, Faculty of Medicine,
Kuwait University for the experimental facilities.

REFERENCES

1. Locke A, Main ER, Mellon RR. Anti-catalase and the mechanism
of sulfanilamide action. Science 1938; 88 (2296): 620-1.

2. Smadel JE, Swift HF. The effect of prolonged administration of
sulfanilamide on rats with nephrotoxic nephritis. J. Clin. Invest.
1939; 18: 757-62.

3. Wood WB. Studies on the antibacterial action of the sulfonamide
drugs: The relation of p-aminobenzoic acid to the mechanism of
bacteriostasis. J. Exp. Med. 1942; 75: 369-81.

216

4.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Aiello SE, Moses MA. The Merck Veterinary Manual. Whitehouse
Station, NJ, USA: Merck Sharp & Dohme Corp, 2012.

. Perazella MA. Crystal-induces acute renal failer. Am. J. Med. 1999;

106: 459-65.

. Farifia LA, Palou Redorta J, Chechile Toniolo G. Reversible acute

renal failure due to sulfonamide-induced lithiasis in an AIDS
patient. Arch. Esp. Urol. 1995; 48: 418-19.

. Diaz F, Collazos J, Mayo J, Martinez E. Sulfadiazine-induced

multiple urolithiasis and acute renal failure in a patient with AIDS
and Toxoplasma encephalitis. Ann. Pharmacother. 1996; 30: 41-2.

. Becker K, Jablonowski H, Haussinger D. Sulfadiazine-associated

nephrotoxicity in patients with the acquired immunodeficiency
syndrome. Medicine 1996; 75: 185-94.

. Schwentker FF, Gelman S, Long PH. The treatment of

meningococcic meningitis with sulfanilamide. JAMA 1984; 251:
788-90.

Maresca A, Scozzafava A, Vullo D, Supuran CT. Dihalogenated
sulfanilamides and benzolamides are effective inhibitors of the
three B-class carbonic anhydrases from Mycobacterium
tuberculosis. J. Enzyme Inhib. Med. Chem. 2013; 28: 384-7.

. Mustafa S, Elgazzar AH, Essam H, Gopinath S, Mathew M.

Hyperthermia alters kidney function and renal scintigraphy. Am. J.
Nephrol. 2007; 27: 315-21.

Okumura K, Yamakita H, Kamiya A, Hori R. Effects of nephrotoxic
compounds on active uptake of drugs in isolated renal tubules in
rabbits. Biochem. Pharmacol. 1984; 33: 2055-9.

Eyanagi R, Shigematsu H, Yoshida K, Yoshimura H. Enhancement
of sulfanilamide N4-hydroxylase activity in kidney and liver
microsomes of rats by pretreatment with 3-methylcholanthrene
type-polychlorinated biphenyl. J. Pharmacobiodyn 1982; 5: 853-8.
Eyanagi R, Shigematsu H, Yoshida K, Yoshimura H. Metabolism
and nephrotoxicity of phenacetin and sulfanilamide. J.
Pharmacobiodyn 1985; 8: 95-105.

Komiya I. Urine flow-dependence and interspecies variation of the
renal reabsorption of sulfanilamide. J. Pharmacobiodyn 1987; 10 (1):
1-7.

Sasson JP, Dratch PL, Shortsleeve MJ. Renal US findings in
sulfadiazine-induced crystalluria. Radiology 1992; 185: 739-40.
Baakman M, Nouws JF, Vree TB. Pharmacokinetics of
sulphanilamide and its three acetyl metabolites in dairy cows and
calves. Vet. Q. 1987; 9: 143-54.

Jafri RA, Britton KE, Nimmon CC et al. Technetium-99m-MAG-3:
A comparison with iodine-123 and iodine-131 orthoiodihippurate
in patients with renal disorders. J. Nucl. Med. 1988; 29: 147-58.
Paul R, Kiiliainen H, Tarssanen L, Vorne M. [99Tc]MAG-3 gamma
camera nephrography in epidemic nephritis. Nucl. Med. Commun.
1991; 12: 15-25.

Heikkinen JO, Kuikka JT, Ahonen AK, Rautio PJ. Quality of
dynamic radionuclide renal imaging: Multicentre evaluation using
a functional renal phantom. Nucl. Med. Commun. 2001; 22: 987-95.
Lee WG, Kim JH, Kim JM et al. Renal uptakes of 99mTc-MAG-3,
99mTc-DTPA, and 99mTc-DMSA in rabbits with unilateral ureteral
obstruction. In Vivo 2010; 24: 137-9.

© 2014 Asian Pacific Society of Nephrology



