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Your Body’s Savings Account Gone Rogue
Cell Senescence and Diseases of Aging
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The Issue
Our bodies constantly need repair and maintenance.  It takes millions of cells and millions of chemical interactions to maintain the human body. During that process, individual cells wear out and tissues become damaged. Then they need to be repaired or replaced.
The body has a way of sensing when there are enough raw materials in our diet available to perform repair and maintenance. However, that process doesn’t stop if we stop eating food. In that event, another process is activated. Existing structures in the body that need to be broken down and removed are used for repair and maintenance.

Meet mTOR and AMPK
mTOR is molecule in the body that picks up chemical signals when there is an abundance of raw materials coming in from food to manage growth, repair and maintenance. In other words, when mTOR “turns on” it signals to the body that enough food has been eaten to provide raw materials to build up new structures or to repair damaged ones. mTOR is strongly activated by insulin and by certain amino acids from the proteins we eat.
When mTOR is not activated, another signaling molecule called AMPK springs into action. When AMPK is activated, the recycling process is strongly activated to provide raw material for energy and ongoing, day-to-day maintenance. AMPK is activated when outside sources of raw materials become less available. This recycling process is called autophagy, literally “self-eating”.
Why doesn’t the body just automatically rid itself of these damaged, worn-out cells? Our ancestors’ bodies provide an easy explanation.  Seasonal food scarcity and famine were common occurrences in our not-so-distant past. Senescent cells-cells that are alive, but not functioning properly- may be kept in the body for this very reason. These cells can be used as “food” when the real thing is scarce, like a biological “savings account.” Until recent times, given the common human condition of food insecurity, it would be foolish just to throw these potential raw materials away.
AMPK is activated when glycogen levels are depleted and when insulin levels are low. Glycogen is the storage form of glucose or blood sugar. Glycogen is depleted if you fast beyond 18-24 hours, or less if you exercise. Both carbohydrates (sugar and starch), and protein will stimulate insulin release. When you haven’t eaten carbohydrates or protein for awhile, insulin levels will drop, inhibiting mTOR and activating AMPK.

Balance Between Tissue Growth and Tissue Breakdown
The body’s need for repair and maintenance never stops.  However, a balance is needed between using the raw materials from the food we eat or receiving those raw materials through autophagy. It is not good to use just one of those processes. Relatively constant mTOR activation will prevent autophagy. That leads to an accumulation of defective cells, misfolded proteins and defective mitochondria. These defective structures are not entirely benign. More on this a bit later.
What is truly needed is a cyclic, rhythmic pattern of obtaining our raw material from food intake and from autophagy. There can be daily, weekly, and seasonal rhythms. Modern society provides a constant overabundance of food. Without autophagy, there is no “breathing out” for our bodies. Constant food intake does not allow our bodies to utilize autophagy in a meaningful, healthful way. When too many damaged cells collect in the body, its “savings account” can turn toxic. 

Proper Cycling
As noted, cycling mTOR activation and growth with AMPK activation and autophagy can be done on a daily, weekly, and/or seasonal basis. Our ancestors typically experienced feast and famine on a regular basis.
mTOR is strongly activated by the branched chain amino acids, most especially leucine. Leucine is abundant in meat, poultry and fish. It is abundant in dairy products, which makes sense because dairy is especially helpful in helping an animal to grow relatively quickly. Vegetarian sources of protein are relatively less abundant in leucine. mTOR is also strongly activated by insulin, which in turn is activated by the presence of carbohydrates. Refined carbohydrates, certain starches, fruit juice, sodas and the like are especially problematic here.
A diet that is close to what we would consider deprivation but not quite into starvation levels--especially if combined with physical exertion-- will result in a very regular inhibition of mTOR and a strong AMPK activation, which leads to a vigorous process of clearing defective or “senescent” cells. This is likely what is at the foundation of the relatively excellent health and prolonged lifespans of so-called “Blue Zone” communities. 
The diet of Blue Zone peoples is skimpy by most standards: low in protein and low in calories. It is unlikely that most people would be willing to regularly eat what could seem to be a deficient, almost punitive diet.

Consequences of Over-activation of mTOR, Lack of AMPK Activation and Autophagy
I began to think about mTOR and AMPK while studying osteoarthritis. Almost from the beginning of my practice, I have wanted to know why joints “wear out” and develop this disease. All the early information I found on natural treatments of osteoarthritis was about the use of certain supplements. One immediate clue came in a comment by a nutrition-oriented doctor, who stated simply that if you have arthritis, you should stop eating sugar. There was no reason given. It just seemed to help. The next clue came many years later. I was reading Jason Fung’s material on fasting and he noted that people who fasted occasionally saw improvement in their arthritic joints.
The real breakthrough for me came when I read a paper that discussed energy metabolism in the cells of arthritic joints. This paper really rocked my understanding of arthritis and opened a whole new understanding of chronic, degenerative diseases in general.
What the researchers found was this:  Even though there was an abundance of oxygen in the tissues of arthritic joints, their cells were metabolizing as if there weren’t enough oxygen available. For the technically inclined, this is called “aerobic glycolysis.” It is a very inefficient way to make energy, with one unit of the basic raw material producing two units of energy. A normal metabolism takes this same unit of raw material and turns it into as many as 38 units of energy.
It occurred to me that this is the same metabolic pattern found in senescent cells. These are cells that have reached the end of their useful life cycle but haven’t been replaced yet. (Recall the savings account.) Osteoarthritis researchers have seen an over-accumulation of these senescent cells in joints. Significantly, these senescent cells don’t just sit there passively. They constantly give off a signal that they are defective or worn out and need to be replaced. This signal is a substance that causes a small amount of inflammation. When you have just a few of these cells needing replacement, the cumulative inflammatory effect is small. When you have a lot of these cells accumulating because of a lack of autophagy, the net result is chronic, low-grade, localized inflammation.
With that realization, a light went off for me. I did a search for senescent cells and osteoporosis. These cells are all over osteoporotic bone. I did a similar search for macular degeneration. There is good evidence that overaccumulation of senescent cells is an issue in this disease as well. At this point, I was on a roll. One of the hallmarks of many cancers is the shift to aerobic glycolysis. It is also possible that peripheral neuropathy has some relationship to excessive accumulation of senescent cells. There is good evidence that 4-5 days of partial fasting where you take in 500-600 calories per day can help reset autoimmune conditions in the body.
What seems obvious here is that diseases of aging are related to the accumulation of senescent cells. Because there is a relative lack of autophagy in modern, over-abundant diets, diseases of aging are much more abundant, striking at a relatively early age. This points toward a possible solution.

What To Do
This section is probably the hardest for me to write. The issue is that while we know the basics of mTOR signaling, autophagy and the role of insulin, we know very little of the specifics of what to do. We don’t know best practices. We don’t know dosage. We don’t know what works best for which people. There are differences- probably massive differences from one person to the next depending on personal and current life background and more importantly, hereditary background. 
There are some general ideas that are in what I call the “Won’t hurt, might help, not too expensive” category. Probably the best thing to do is to be your own scientist and try different strategies to see what feels good for you.
Autophagy is stopped by spikes in insulin from eating carbs, and by certain types of protein. That’s especially true with animal foods which are high in leucine. These are the main activators of mTOR. Autophagy is stopped by chronically elevated insulin levels. Insulin resistance is marked by chronic elevation of insulin. Blood sugar can remain normal for years while in insulin resistance develops starting to rise. Fasting insulin can remain normal in this setting as well. This is a problem because many people, even people who are quite thin, can have silent insulin resistance. Short of a glucose-insulin tolerance test, the best marker for early insulin resistance is your response to fasting. If you can’t miss a meal, if you must eat, if you get “hangry,” or if you get sleepy after you eat, you are likely dealing with a blood sugar problem. Please see the paper “Macronutrients and Health” on my website for more information on this.
Autophagy will not be stopped by fat intake. However, autophagy is promoted by a depletion of glycogen, the storage form of glucose. If you are ingesting fat, it may be that you will delay the depletion of glycogen because your body will use some of the fat for fuel. However, when you fast, the body opens its fat stores, so there is a relative plenty in fat even when you fast. Hence the uncertainty here. The science just hasn’t caught up yet.
Glycogen will be depleted if you do a full fast beyond 18-24 hours. It will be depleted more quickly if you exercise during the fasting period. It is good to do strength-type exercise during a fast because it signals to your body that you need the muscles to be maintained. At the same time, it will deplete glycogen which will trigger a robust level of autophagy.
A good solution in modern life might be to cycle food abundance with periodic fasting or partial fasting.  On a daily basis, time-restricted eating can be very helpful, even essential. Here you limit your food intake to six to twelve hours a day, with nothing caloric being consumed during the rest of the day while at the same time, generally avoiding snacks. Periodic fasts where you consume only water, tea or broth for twenty-four or more hours can be very helpful. Alternately, you might do partial fasts for a day or for several days on a regular basis, consuming 500-600 calories a day during this time. The occasional full fast for 3-5 days perhaps on a quarterly basis is something that is worth trying.
For more information on these and other approaches to fasting, there are numerous books available. Please refer to the articles on fasting and my own overview article on my website for more information.
Because this has not been researched, we really don’t know the “dose” needed to keep us healthy with minimum stress. It likely depends on how efficient people are at triggering autophagy. I would imagine that everyone is a bit different on this count.



Conclusion
There are always unforeseen consequences when there are big changes in the human condition. We have seen massive changes in both food quality and quantity in the last 150 years, leading to what could arguably be the most over-fed and undernourished people in the world. 
One of those unforeseen consequences is a marked increase in the incidence of chronic illness- the diseases of modern civilization. The tools to manage this will likely involve a move away from processed food. It will likely involve cycling between feasting and moderation, abundance and the occasional fast.
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