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Thesis summary

Mechanism of Preventing Chronic Renal Failure Progression
by Intake of Polyunsaturated Fatty Acid

Hiroki Muramatsu

Chronic renal failure (CRF) is general term that kidney diseases of renal function decreasing as long as by various
kind of kidney diseases. The number of patients undergoing dialysis in Japan has increased compared to those in
Western countries, the health expenditures have increased. Consequently, this increase has become a social problem.
Therefore, it is important to establish a method to delay the progression of CRF. Fatty acids are nutrients that are
consumed daily, which act not only as an energy source but also help to carry out various biological reactions through
receptors and other binding proteins. The intake of polyunsaturated fatty acids (PUFAs) is necessary because they
are difficult to biosynthesize in sufficient amounts in vivo. Arachidonic acids (ARA), omega-6 (0-6) PUFAs, are
involved in the development and maintenance of normal renal functions. Prostaglandin (PG), ARA metabolites, adjust
the blood flow to the kidneys, the amount of body water, and the balance of minerals concentration. Docosahexaenoic
acid (DHA) is omega-3 (0-3) PUFASs that has anti-inflammatory effects, protect against ischemic acute renal failure,
streptozocin-induced type 1 diabetes, and type 2 diabetic nephropathy in rodents. However, their effects on the
progression of CRF remain unknown. The current study aimed to assess the influence of ARA-and DHA-containing

diets intake in 5/6 nephrectomized rats.

Part 1: Influence of Polyunsaturated Fatty Acid Intake on Kidney Functions of Rats with Chronic Renal

Failure

In part 1: we assessed the effects on CRF progression of feeding ARA-or/and DHA-containing diets on rats with
5/6 nephrectomized. It is the first time to find that urinary albumin excretion was significantly increased with
nephrectomy, but it was attenuated by feeding with an ARA and DHA-containing diet. It has been known that an
increase in oxidative stress reduces renal functions. We found that lipid peroxide level was increased in the plasma
at 4 weeks after nephrectomy and it involved decreasing renal functions. Moreover, intake of ARA and DHA
containing diet suppressed lipid peroxide level in the plasma at 4 weeks after nephrectomy, there suggest that ARA
and DHA could suppress oxidative stress in the early time of renal failure and inhibit the progression of renal failure.
However, the oxidative stress level in the kidney was not assessed at the early stage of renal failure. Therefore, in the
part 2, we measured the oxidative stress in the kidney at 4 weeks after nephrectomy and assessed relation of oxidative

stress and renal functions.



Part 2: Suppressing Effects of Docosahexaenoic Acid-Containing Diets on Oxidative Stress and Fibrosis in 5/6

Nephrectomy Rats

The current study aimed to investigate the effects of ARA-or/and DHA-containing diets on oxidative stress in 5/6
nephrectomy rats. Oxidative stress levels in the kidney were found to be significantly increased at 4 weeks after
nephrectomy, this oxidative stress levels in the kidney to be associated with decreased renal function. On the other
hands, increasing of oxidative stress in the kidney at 4 weeks after nephrectomy was attenuated by intake of DHA
containing diet. Moreover, we found that this increasing of oxidative stress is involved with indoxyl sulfate (IS), an
uremic toxin. It has been reported that IS accumulation is involved with kidney inflammation and fibrosis. In this
study, we found that kidney fibrosis was significantly increased at 4 weeks after nephrectomy, increasing of oxidative
stress levels via IS accumulation in the kidney to be associated with kidney fibrosis. However, intake of DHA
containing diet has suppress effects on kidney injury via oxidative stress and kidney fibrosis at 4 weeks after

nephrectomy. We suggested that these suppress effect is prevented decreasing of renal function on CRF progression.

Part 3: Maintaining Effects of Arachidonic Acid-Containing Diets on Podocyte and Albumin Uptake via
Megalin of 5/6 Nephrectomy Rats

In part 2, intake of ARA containing diet suppress effect on urinary albumin excretion has been unclear. The current
study aimed to investigate the effects of ARA-or/and DHA-containing diets on podocyte on glomeruli and albumin
reabsorption via megalin on proximal renal tubule in 5/6 nephrectomy rats. In this part, we found that occurred foot
process effacement by using SEM. We suggested that this podocyte injury was occurred due to downregulate of
podocyte related proteins gene expression in 5/6 nephrectomy rats. Moreover, we found that these injuries were
suppressed effect by intake of ARA containing diet. It has been known that albumin is slightly filtrate from glomeruli
even if normal renal function, megalin uptake filtrated albumin to proximal renal tubule and prevent urinary albumin
excretion. Megalin expression in proximal renal tubule was significantly decreased in 5/6 nephrectomized rats. This
decreasing has been involved with decrease albumin uptake at proximal renal tubule. However, intake of ARA

containing diet has suppress megalin expression decreasing in 5/6 nephrectomized rats.

Summary: In this study, we found the first time that intake of DHA could suppress oxidative stress and fibrosis in
the kidney, intake of ARA could suppress podocyte injury and decreasing of megalin expression. Consequently, we
suggested that intake of DHA and ARA containing diet could suppress of urinary albumin excretion and prevent CRF

progression.
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