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Over the past several years our laboratory has made significant

contributions to the understanding of the mechanisms involved in the initiation

of acute renal failure (ARF). These studies have strongly emphasized the

correlation of structural and functional alterations following the administration

of a nephrotoxic dose (4 mg/kg s.c. ) of mercuric chloride (HgCl 2 ). The results

of these studies have been published as individual papers in a five part series.

In the first of these papers, McDowell et al. examined the structural-

functional correlation of proximal tubular damage following HgC12 administra-

tion. The authors showed that all segments of the proximal tubule underwent

initial sublethal changes. Despite the widespread nature of these early changes,

the injury progressed to necrosis by 24 hrs in only the pars recta (P 3 ) segment

of the proximal tubule. The functional studies performed at 6 hrs, however,

revealed that renal failure was already established at this time. This finding

disassociates the tubular necrosis seen in the P 3 segment from the initiation

of ARF, thereby minimizing the role played by tubular obstruction and back-

leak in this model. It was suggested by the authors that the early sublethal

changes in the first (P 1 ) and second (P 2 ) segments may result in a greatly

diminished sodium reabsorption and may be related to the pathogenesis of ARE

through a previously proposed feedback mechanism involving the macula densa

and renin release. According to this hypothesis, an increased NaC1 concen-

tration at the macula densa results in activation of a tubulo-glomerular feed-

back phenomenon involving renin release with resulting angiotensin II

production. Such a mechanism could result in the decreased glomerular

filtration rate (GFR), associated with ARF, by an angiotensin-induced



vasoconstriction of the afferent arteriole.

In the second paper, Zalme et al. examined 9 enzyme markers using

various histochemical techniques in an effort to demonstrate the extent of early

tubular changes following HgCl 2 administration. Decreased activities of

alkaline phosphatase and 5'-nucleotidase, two brush border enzymes, were

noted as early as 15 min post HgCI2 injection. This was followed very quickly

by a reduction in acid phosphatase, a lysosomal marker. At (, and 24 hrs all

enzymes studied showed decreased activity in all segments of the proximal

tubule. Although morphologically the P1 and P 2 segments of the tubule showed

minimal alterations, by 24 hrs severely decreased enzyme activities were

observed. These findings are consistent with the hypothesis that sublethal

changes occur in both the P1 and P2 segments which may result in decreased

sodium reabsorption, as described above.

In the third paper, Sato et al. examined the morphological changes in

the juxtaglomerular (JG) apparatus following HgCI2 administration. The authors

observed a two-fold increase in the total and deep juxtaglomerular granulation

index (JGI) as early as .O min. An increase in the JGI indicates either a

decrease in renin release or increased renin formation. However, by 1 and 6 hrs,

clear morphological evidence suggestive of increased renin iynthesis was observed,

supporting the latter possibility. By 24 hrs, hypergranulation and hypertrophy of

the JG cells was noted. The authors propose that the increased JG cell activity

may be attributed to activation of the tubuloglomerular feedback phenomenon.

In the fourth and fifth papers (in page proofs), Barnes et al. examined

the morphological and histochemical changes associated with two maneuvers

previously shown to functionally ameliorate HgCI2 -induced A RF.



In the first of these studies the protective effect of dithiothreitol (DTT)

was examined. DTT, an agent capable of chelating heavy metals, was admin-

istered i.p. at a dose of 15. 4 mg/kg thirty min following HgC12 . Administration

of HgCI 2 plus DTT resulted in similar but less severe lesions at 1 hr as did

HgC12 alone. However, a remarkable protective effect was evident in the PI

and P 2 segments of the proximal tubule at 3 hrs and throughout the remainder of

the study, with virtually no morphological or histochemical changes apparent.

Despite the protection seen in the early portions of the tubule, the P 3 segment

displayed widespread necrosis as seen in animals receiving HgClz alone. This

study again demonstrates the lack of correlation between tubular necrosis of the

P3 segment and the initiation of ARF, and more strongly implicates the role of

the sublethal changes in the P and P 2 segments.

In the second of these studies the effect of chronic salt loading on the

development of ARF was examined. Chronic salt loading is a method known to

result in a decreased renal renin content. Using both morphological and

histochemical methods the investigators observed that the administration of

HgCl 2 resulted in a similar degree of proximal tubular injury in both salt loaded

and water drinkir ... imals; yet the salt loaded animals deronstrated significant

functional protection. These findings are in concordance with a renin-angiotensin

mediated tubuloglornerular feedback hypothesis. According to this explanation,

protection is afforded the chronically salt loaded animals, despite the proximal

tubular injury, because the renin depleted animals are incapable of triggering

angiotensin production.

In summary, the recent work, from our laboratory concerning the patho-

physiology of' ARF has clarified several important points. We have shown



a clear dissociation of tubular necrosis and the initiation of ARF in this model,

This finding minimizes fh2 importance of both tubular obstruction and backleak,

in the initiation of HgC12 induced ARF. Instead, the importance of the sublethal

changes described in the P 1 and P 2 segments is emphasized. We suggest that

these changes may result in impaired electrolyte reabsorption which may act

as an initiating mechanism via tubuloglornerular feedback, Evidence indicating

the involvement of the renin-angiotensin system in such a feedback mechanism

has been obtained in the study of Sato et al., and the chronic salt loading

experiments of Barnes et al. It should be pointed out, however, that the

evidence at this point is circumstantial. Additional work is needed to more

clearly evaluate the role of this and/or other vasoconstrictor stimuli.
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