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Bernard Bihari, MD: Low-dose Naltrexone for 
Normalizing Immune System Function

 CONVERSATIONS

Bernard Bihari, MD, (1931-2010) was the discoverer of the 
clinical effects of low-dose naltrexone (LDN) in humans. In his 
groundbreaking clinical trial of patients with HIV/AIDS at 
Downstate Medical Center in 1985-86, Dr Bihari discovered 
the significant effectiveness of low-dose naltrexone in protect-
ing the battered immune systems of those who were infected. 
With that knowledge, he entered private practice in an attempt 
to counter the then untreatable disease. As Dr Bihari explains 
below, the immune-system normalizing effect of the drug 
application he discovered applies to a wide range of autoim-
mune disorders.

This interview was provided by Dr Bihari’s widow, from a 
videotape discovered after his death. The interview was tran-
scribed and curated by Julia Schopick, author of Honest 
Medicine (http://www.honestmedicine.com) and champion of 
effective, cost-efficient treatments that are neglected by current 
practice.  (Altern Ther Health Med. 2013;19(2):56-65.)

Dr Bihari: My medical training started at Harvard Medical 
School. I graduated in 1957. Then, I trained in internal 
medicine at one of the Harvard teaching hospitals in Boston, 
Beth Israel, and then in neurology at Massachusetts General 
in Boston. Then, I went to the National Institutes of Health 
for 2 years doing brain physiology—brain research. I did 
another residency training in psychiatry in New York, at 
Columbia Presbyterian Medical Center and then, over the 
following 5 or 6 years, I got very involved in working in drug 
addiction. By 1974, I was the [New York] City Addiction 
Commissioner. I ran all the programs that the city funded for 
addicts. In 1978, the governor and the mayor met, when the 
governor took over management of the city’s addiction pro-
grams, because the city was in a budget crisis. Mayor Koch 
saved about $8 million and I moved to the city health depart-
ment as a deputy commissioner. I was the only deputy 
medical commissioner. I basically ran the city health depart-
ment for about 3 years. Then I moved to King’s County 
Hospital, where I ran a cluster of addiction programs for 
drug addicts and alcoholics. By the early 1980s, as the 
acquired immune deficiency syndrome (AIDS) epidemic 
began, I got very concerned about it. I was seeing large num-
bers of the heroin addicts I was treating die. I had a couple of 
friends who died of human immunodeficiency virus (HIV) 

in the late 1980s. I got very concerned about what I saw as a 
major epidemic—a worldwide epidemic—coming over time. 
That is my background, up to the point where I started doing 
this research. 

QUESTION: Can you talk about working with methadone?

Dr Bihari: My first job with city government [in New York] 
was running all of the city health department’s methadone 
programs—there were 41—shortly after the methadone sys-
tem had been put in place. While I was doing that, the mayor, 
Abe Beame, moved the addiction services agency into the 
health department, and I took over the management of all 
the addiction programs: the drug-free and the methadone 
programs. And I ran both for about 4 years. I was one of the 
early proponents of methadone and, because of my job in 
city government, for a couple of years I was a major spokes-
person for methadone—which in subsequent years, I had 
mixed feelings about. Then I became more broadly involved 
in drug addiction and alcoholism as a public health problem. 
Then, later, I shifted my energy to AIDS.

Q: How did your connection with naltrexone begin?

Dr Bihari: In 1984, the National Institute on Drug Abuse 
finished the development of naltrexone as an adjunct to 
treating heroin addicts. Its purpose was to block the heroin 
high with the hope that it would become a very useful treat-
ment for heroin addicts. It works in heroin addicts by block-
ing the receptors in cells, mostly in the brain in that situa-
tion. Heroin uses primarily the pain receptors. They are all 
called opioid receptors: those that are involved in pain relief, 
and relief of fear. It’s a designer drug, really. It was designed 
in the laboratory to block those receptors and prevent heroin 
from having access to them. So addicts would take 50 mg a 
day in the morning and couldn’t get high for hours. It would 
take a very large amount of heroin to overcome the high. 
And when the drug came out, I was interested in trying it. I 
gave it to about two dozen heroin addicts who had recently 
stopped using heroin. None of them would stay on it. At the 
doses involved, it caused anxiety, depression, irritability. 
They couldn’t sleep, and even minor stresses that they could 
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handle the day before, they couldn’t handle on days that they 
took naltrexone in the morning. So it was out on the market, 
and has remained so since, but has been relatively little 
used.

One of the things I did know from its development, 
which I had followed closely because I was treating addicts, 
is that naltrexone, when taken in these high doses, would get 
the body to triple its production of endorphins. Endorphins 
are the hormones that [the mechanism of] heroin mimics. 
They have a number of functions in the body. They relieve 
pain; they relieve fear. They’re the hormones we use when 
we’re teenagers to cope with social situations and other anx-
iety-producing situations. It’s really endorphins that relieve 
the anxiety. 

They also play a major role during acute stress. For 
example, an animal that is 
attacked in the jungle—his body 
responds by pouring out large 
amounts of endorphins, and in 
parallel, of corisol, which is a 
cortisone-related hormone. The 
endorphins in that situation not 
only relieve the pain, so that when 
the animal gets injured he’s not 
distracted, they relieve the fright. 
They also shift blood from the 
whole gastrointestinal tract to the 
muscles and brain, which need it 
during a fight. And, most impor-
tantly, they boost the immune 
system so that the immune cells 
double very quickly and the 
immune functions all improve 
with the large amount of endor-
phins poured out, so that if the 
animal gets injured, it’s much less 
likely to get infected and there 
will be better wound healing. 

Because of its role in regulat-
ing immune function, I got inter-
ested in it in the mid-1980s. In 1985, as I saw the AIDS epi-
demic expanding, I decided to shift my research energies 
from addiction to AIDS, and in particular, to look for some-
thing that might boost immune function. I knew that the 
immune system was regulated almost entirely by endor-
phins, and that also the endorphin production was markedly 
increased by naltrexone. My colleagues and I worked to find 
some way of using that ability of naltrexone to raise endor-
phins, but without the downside of naltrexone blocking the 
endorphins, the purpose being to find a way to raise endor-
phins to boost immune function. Along the way, we tested 
endorphin levels in 10 people with AIDS and found they 
were extremely low—less than 30% of normal. So the hor-
mones that people with AIDS need the most, to have the 
immune system fight the virus—those hormones are lacking. 
So, what we did was to do what’s called a “dose ranging trial” 

to find the best dose of the drug to use to raise endorphins 
without blocking them at the same time.

We measured the endorphin rises with different doses of 
naltrexone. We got the same rise with 50 mg, 10 mg, 5 mg, 
and 3 mg. What we were looking for was the smallest dose 
that could produce a full naltrexone-induced endorphin rise, 
if taken late at night. The reason the hour is important is that 
90% of the endorphins are made in the middle of the night, 
between 2:00 and 4:00 in the morning. If a small dose of 
naltrexone is taken in the late evening, generally at bedtime, 
endorphin production is boosted as much as threefold, 
300%. The naltrexone itself is gone in about 3 hours, but the 
endorphins remain elevated all the next day. So the naltrex-
one doesn’t significantly block the endorphins but does cause 
them to rise. If someone with low endorphin levels starts 

taking low dose naltrexone (LDN) 
every night, their endorphin lev-
els will triple and stay tripled as 
long as they’re taking the drug.

The first thing we did was a 
placebo-controlled trial in people 
with AIDS, in which half of the 
patients got the drug and the 
other half got a placebo. They 
didn’t know who was getting 
what. We started a foundation 
and raised a little less than $1 
million to do the trial. The trial 
took about 9 months. At the end 
of the trial it was clear that the 
people on the drug—once we 
broke the code—were doing 
much better than the people on 
the placebo. They had many fewer 
deaths—many fewer opportunis-
tic infections that are the cause of 
death for people with AIDS. Their 
immune system cells, particularly 
the T-helper cells, which are the 
ones most damaged by HIV, 

dropped significantly less in people on the drug than in 
people on the placebo. And it looked very promising. 

In the course of the trial, I got a call from a friend who 
was experiencing a recurrence of her non-Hodgkin’s lym-
phoma, which had been treated 5 years earlier with chemo-
therapy, which had produced a remission. Then, 5 years later, 
while I was doing this trial, she had a recurrence. Her hus-
band had just died of prostate cancer. He had had a lot of 
chemotherapy, and had been quite ill with it, and she had 
very negative feelings at that point about chemotherapy. 
When her oncologist suggested that she get another round of 
chemotherapy, he also told her that her tumor was much less 
likely to respond than it did the first time because lympho-
ma, in particular, tends to mutate against chemotherapy. So 
the second round of chemotherapy is not as effective as the 
first. The third is not as effective as the second. She called me 
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and said, literally, “Do you think that your AIDS drug would 
help my cancer?” I had just read a paper in which mice had 
been injected with human lymphoma cells. It was a breed of 
mouse that does not reject human cells because of its own 
immune system, and in this study the mice were all given 
lymphoma cells—human lymphoma—and died. Then a sec-
ond group of mice were given lymphoma cells and were first 
given a single dose of an endorphin—a beta-endorphin. Half 
of the mice, when given lymphoma cells, did not get lym-
phoma. The other half did, but it grew much more slowly 
than in the first group. The researcher who did the study 
speculated that the endorphin that he gave was working on 
the cancer by directly affecting opioid receptors on the can-
cer cells, which are the receptors for endorphins, as they are 
for heroin and morphine-like painkillers.

Q: Just a single dose?

Dr Bihari: Yes, just a single dose, given in the abdomen.

Q: It acts on the system very quickly then?

Dr Bihari: Yes. But that single dose was enough so that when 
the tumor cells were injected into the mice shortly after that, 
they didn’t take in half the cases. And in those that did, the 
cancer had been modified enough so that they grew much 
more slowly—with a single exposure. Since then, there’s been 
a lot of research studying the relationship between endor-
phins and cancer in laboratory animals and in the test tube. 
There are a large number of studies, and the studies that 
involve giving beta-endorphin (the endorphin from the pitu-
itary gland), metenkephalin (an endorphin made in the 
adrenal gland), and LDN. The LDN works by inducing the 
body to make more of both endorphins, so they work simi-
larly to the direct injection of endorphins. All three are effec-
tive in markedly reducing the number of cancers that take in 
mice. Or, once the cancer has been injected and has started 
growing, in producing remission. That’s been true of almost 
every cancer that has been studied in mice—with pancreatic 
cancer, colon cancer, cancer of the head and neck, lympho-
ma, Hodgkin’s disease and in a wide range of malignancies 
that have been injected into mice. The person doing the bulk 
of that research—the investigator doing it—is a PhD who 
believes that all cancers have opioid receptors. He’s gotten 
responses with all the cancers that he’s treated with endor-
phins or LDN in laboratory animals. The question arose as to 
whether the effect on cancer was a direct effect of the endor-
phins on the tumor or worked through the intermediary 
effect on the immune system, because it’s well known in sci-
entific circles that endorphins boost immune function. In 
order to separate that out, he did two studies in which he 
grew cancer cells in the test tube, where there is no immune 
system. One was colon cancer, and the other was pancreatic 
cancer. And in both settings the cancer was grown in a nutri-
ent solution, and the cancers were growing rapidly. Adding 
small amounts of metenkephalin, the adrenal endorphin, to 

a Petri dish, in both cases led to cell-killing in cancer cell 
death. Both cancers were destroyed by the endorphins. So, in 
that case, there was no immune system intermediary. That 
supported his belief that endorphins work by activating the 
opioid receptors and producing what’s called apoptosis, 
which is the term for programmed cell death, induced in this 
case by endorphins—primarily cell death that occurs while 
the cells are dividing. Of course, cancer cells divide much 
more rapidly than any other cells in the body. Curiously, 
chemotherapy also works through apoptosis, through a dif-
ferent mechanism—not through the opioid receptors, but 
mostly on the cell nucleus through other intermediaries. 
One major difference is that, since chemotherapy works pri-
marily on the DNA of the cell as it’s dividing directly, it also 
works—besides on cancer cells—it works on other cells of 
the body.

Chemotherapy side effects are all related to effects on 
the more rapidly growing cells. That’s why there’s hair loss, 
and that’s why the white blood count drops. Both involve 
tissues that are growing more rapidly. Nails stop growing 
during chemotherapy. Metenkephalin or beta-endorphin, by 
raising endorphins, work in these animal settings, directly 
on the cancer cell. And since the endorphins are hormones 
naturally present in the body, they don’t have the same side 
effects. In fact, they basically have none. 

One of the factors involved is that all the studies that 
have been done, that I’m aware of, of endorphin levels in 
people with cancer, show that endorphin levels are quite 
low—generally less than 30% of normal, just as they are in 
people with AIDS. So, the hormone that the body most 
needs to fight the cancer is lacking. And giving endorphins, 
or LDN to raise endorphins, serves as a means of restoring 
normal endorphin levels in people with cancer. And that 
appears to have the possibility of producing remissions in 
some cancers—even restoration to relatively normal levels. 
One of the implications is that one of the causes of cancer 
may be a drop in endorphin levels. The endorphin levels may 
first drop, and by dropping, deprive the body of its most 
important defense against cancer, which is direct cell-killing 
by endorphins, indirectly depriving the body of another 
defense against cancer, which is through immune system 
cells, called killer cells—natural killer cells, what are called 
CD8, cytotoxic killer cells. Both are low when endorphins 
are low. Both are enhanced by the presence of normal levels 
of endorphins, as are all immune functions. So a drop in 
endorphins would reduce the immune system’s surveillance 
against cancer and its ability to kill cancer cells as they arise. 
The lack of endorphins would also deprive the body of the 
their direct cell-killing effect on cancer cells. There have been 
some studies that don’t completely tie up the answers to 
these, but raise possibilities and might explain it. A number 
of studies have shown that cancers frequently arise after peri-
ods of grief. For example, the point in life at which the risk 
of cancer is the greatest is the year after the death of a spouse. 
The rate of cancer development 12 months after the death of 
a spouse is the highest of any point in one’s lifetime. Also, 
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cancers are more frequent as people get older, and that’s 
probably both because of a decline in immune function as 
you get older and a decline in endorphin levels as you get 
older. There have also been some studies, not as easy to 
prove, but that suggest that cancer often arises from 1 to 4 
years after a period of sustained chronic stress, which even-
tually lowers endorphins. To the extent that stress plays a role 
in cancer development, it likely does it through the interme-
diary of reducing endorphin levels and thereby depriving the 
body of its defenses against cancer.

Q: We always hear about endorphins as they relate to exer-
cise.

Dr Bihari: That’s a very good way to boost endorphins and 
boost immune function. There is no question that people 
who do aerobic exercise—the kind of exercise associated 
with cardiovascular fitness—have raised endorphins. That’s 
been demonstrated. One interesting study was carried out in 
San Francisco in people with AIDS, all of whom were going 
to gyms. They were divided into two groups—all men: men 
who went to the gym regularly just for bodybuilding pur-
poses and did relatively little aerobic exercise; and men who 
went to the gym on a regular basis to do aerobic exercise 
with much less attention to bodybuilding and weight train-
ing. Both groups had AIDS. Both groups started out with the 
same level of disease progression. Over a 5-year period, the 
death rate in the group who were going to the gym for body-
building was double that in the group who were doing aero-
bic exercise. The number of opportunistic infections—the 
serious infections that kill people with AIDS—was much 
higher. And it wasn’t because of a harmful effect of body-
building. It was rather that the aerobic exercise, by raising 
endorphins, strengthens immune function and thereby helps 
to sustain the immune system’s ability to fight HIV. That’s the 
one study I know of that closely ties exercise with better 
health, or reduced disease, in a disease that is associated with 
low endorphins.

Q: Can higher doses of naltrexone promote tumor growth?

Dr Bihari: I only know that anecdotally. For example, I had 
one patient with AIDS, who developed a lymphoma. [The 
patient] was on naltrexone and other antiviral drugs against 
the virus and, without any other specific treatment for the 
lymphoma, was stable for 3 years. The pharmacy that was 
making his LDN suddenly started sending him 50-mg tablets 
instead of 3-mg capsules. Within 8 weeks, his lymphoma 
started growing and he died within 6 months. This happened 
simultaneously with the employment of a new pharmacist 
who didn’t understand that naltrexone should be used in two 
different doses and mistakenly gave him the wrong dose. The 
patient didn’t realize it. I hadn’t seen him in some time, since 
he had moved away from New York. When he got sick again, 
he came to see me and discovered this at around the same 
time. He’d been on 50-mg tablets for about 4 months. His 

cancer had started growing again after 2 months on the high 
dose. And he was having other side effects from the high-
dose naltrexone, too. He had depression and insomnia. He 
assumed these were all due to other things going on in his life 
and to the fact that he had AIDS. But, in fact, as soon as he 
dropped the dose back to 3 mg, those side effects disap-
peared, but his cancer was now growing very rapidly. He was 
given some chemotherapy, but it didn’t work and he died 6 
or 7 months after this change in dosage. Beyond that one 
experience, I don’t have definitive evidence that high doses 
would accelerate cancer growth, except, if what I’ve been say-
ing is true—that endorphins play a major role in the body’s 
defenses against cancer—then blocking them would do the 
same as depriving one of endorphins, if you block them 
completely. So it makes sense, theoretically, that high doses 
would accelerate the development of cancer. Nobody’s tried 
that, obviously. He tried it accidentally. 

Q: Would he have been a prime candidate for the meten-
kephalin?

Dr Bihari: Metenkephalin might have been useful for him. It 
wasn’t really available. Theoretically, it’s not available now. It’s 
at the moment not a licensed drug anywhere in the world. 
There have been several studies under FDA approval in the 
past of metenkephalin in people. There were a series of stud-
ies of metenkephalin used to treat cancer, each for short 
periods of time in individual patients. But in each case, there 
was only enough metenkephalin to treat people for 3 or 4 
months—enough to identify that there was some improve-
ment. Then, in 1990, the company that was funding these 
studies approached me to do a formal trial of metenkephalin 
as a treatment for AIDS and HIV infection. And I did. 

We did a placebo-controlled study of metenkephalin, 
giving it intravenously three times a week to people with 
HIV, all of them in the middle range of T cells. They didn’t 
have an AIDS diagnosis but were just short of it. In the 
course of the study, people’s immune function improved 
significantly, and there were no side effects. The only time we 
had a side effect was on one occasion when the research 
nurse working with me gave the intravenous infusion too 
quickly and the patient started sweating and had a slightly 
rapid heartbeat. We just lay him down, and he was fine in 
about 10 minutes. That’s the only time it ever produced side 
effects. 

Right now, there’s only one very small study going on 
with FDA approval of pancreatic cancer by a research group 
in Hershey, Pennsylvania. So far, they’ve started three people 
on metenkephalin, giving it once a week in very high doses. 
I don’t have any idea as to what they’re seeing. But it is the 
same institution where all the animal studies that I described 
were done. Clearly, Dr Ian Zagon, the PhD who did the ani-
mal studies, arranged for this trial. As a PhD, he can’t run a 
clinical trial, but two oncologists at his institution (at Penn 
State, their medical school in Hershey, Pennsylvania) are 
doing this trial. There are no other trials going on now. 
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Unfortunately, the company that funded the trial that I did, 
in people with AIDS, was not willing to continue funding an 
expanded drug development, although the FDA was quite 
interested. They actually used the results from the trial I did 
as a basis for identifying the drug as safe and nontoxic. But it 
was around the same time that several large drug companies 
were developing antiviral drugs for HIV, which have since 
come out and have been quite successful in affecting the 
course of HIV and AIDS, and I assume that the small drug 
company involved was not prepared to compete with them at 
that time. So, at the moment, there is no research at all going 
on for people with AIDS with metenkephalin. And the only 
research going on with people with cancer is this study in 
Hershey, Pennsylvania.

Q: How many people are involved in that study?

Dr Bihari: So far, three. I do not know how many they plan 
to do. It is being funded by the National Cancer Institute. I 
believe the amount of money is not on the order of funding 
that usually is supplied by drug companies that are investing 
in a drug based on patents and who expect to make a lot of 
money from it or hope to make a lot of money from it. This 
small study funded by the National Cancer Institute, which 
has funded all the research that Dr Zagon has done up to 
now. So they are interested enough to fund this small trial.

Q: The study you did was to determine the correct low dose. 
How many people were involved in that? And why was it so 
expensive?

Dr Bihari: There were 50 patients involved—51 by the time 
we stopped it. One-third of the patients got a low dose, one-
third got a higher dose, and one-third got a placebo of 
metenkephalin. It was expensive because clinical trials are 
very expensive. In this case, they involved visits to the 
research center three times a week with several staff mem-
bers—myself, another physician, and research nurses. Then 
[it included] the cost of infusions and the cost of the drug. It 
involved the data collection and the expense of filling out all 
the forms and of analyzing the results. Clinical research is 
extremely expensive. That trial cost about $600 000, with just 
50 patients. So a study large enough to demonstrate whether 
or not metenkephalin would work for AIDS or cancer would 
cost in the range of $10 million to $20 million. Now that it 
has been demonstrated as being safe and nontoxic, it would 
still cost at least $10 million to $20 million to do a large 
enough number of patients. The expenses of that kind of 
research are enormous.

Q: You don’t really need to do a study since naltrexone is 
legal, do you?

Dr Bihari: Naltrexone is a licensed drug, so physicians are 
allowed by the FDA to prescribe any licensed drug for what 
they call an off-label use. So the drug is approved for one 

purpose and used for another. Actually, there are a large 
number of drugs that are used in that fashion. A lot of the 
drugs cardiologists use, for example, were discovered to 
work for high blood pressure. Once they were licensed, they 
were also discovered to work for heart failure and for angina 
pectoris from coronary artery disease. A cardiologist friend 
of mine said that about 60% of the prescriptions he writes for 
heart patients are for off-label uses. In those cases, it’s usu-
ally for the same dose. In the case of naltrexone, the dose 
we’re using is 3 mg a day, so it’s for a much lower dose. So the 
off-label use is legal and medically acceptable. That doesn’t 
mean that the drug has been demonstrated to have efficacy 
or effectiveness for any of the diseases. It would require large 
trials done under FDA auspices that were large enough to 
prove statistically that the drug works. In AIDS, it would 
depend upon the particular trial, but the goal would proba-
bly be to markedly reduce the levels of breakthroughs against 
antiviral drugs—breakthroughs in the virus growth. And in 
various kinds of cancers the goals of the trials would be sur-
vival, regression of cancer, and so on. You would need a large 
number of patients for each trial for each use. It would prob-
ably cost $10 million to $15 million per study. So if you study 
LDN for several kinds of cancer, each study would cost sev-
eral million dollars. 

Q: Once the study is done, what would you expect to do?

Dr Bihari: Once the study is done, if the trial is large enough 
to show efficacy or effectiveness and the FDA decides to 
license it based on such a trial, and that they would play a 
role in proving the design of, then it would become an offi-
cially licensed drug at 3 mg for that particular purpose.

The two researchers with whom I worked to develop 
LDN were Vincent Ragone and Finvola Drury. Unfortunately 
they both have died since. I am working with other people 
now. But they were key to the drug’s development.

Q: What did each of them do?

Dr Bihari: We worked together in designing the trials. They 
were always present at the research center where the studies 
were done and helped collect the data. Basically, it was the 
research design that was most important—and the concep-
tualization.

Q: I am sort of surprised that Vincent died. I thought it kind 
of kept him going.

Dr Bihari: The one complication of AIDS that naltrexone 
doesn’t seem to prevent is AIDS dementia. Some of the new 
antivirals are very helpful for it. They’re now actually using 
one of the new Alzheimer’s drugs, which are quite successful 
in treating AIDS dementia, called HIV encephalopathy. The 
naltrexone, which he took as he got sicker, didn’t help with 
his dementia. But he never had problems with opportunistic 
infections. His T-helper cells, which are the key immune 
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system cells in the disease, never dropped, but the HIV 
encephalopathy was not prevented and he eventually died of 
that.

Q: Are they doing tests to determine someone’s endorphin 
level?

Dr Bihari: There is no good commercially available test for 
endorphins. We did, however, hire a laboratory scientist to 
run endorphin levels for us. There was a kit that the scientists 
purchased to do each endorphin level. They are quite expen-
sive. We did endorphin levels—10 tests. We did levels the day 
before starting naltrexone and the next afternoon in 10 
people with AIDS. And we did the same test in 10 people 
who didn’t have AIDS to demonstrate whether or not endor-
phin levels rose, which they did, 2.5- to threefold. The total 
cost was about $50 000 for just less than 50 blood tests.

Q: Do the blood tests have to be done in the middle of the 
night?

Dr Bihari: Actually, the best time to draw the blood would 
be in the afternoon at the same time every day—draw the 
blood before starting naltrexone, and then draw the blood 2 
or 3 days later at the same time in the afternoon. Ideally, if I 
had the funds, I would do it in a sizable number of people. I 
might try to do it in people who aren’t doing as well as I’d like 
to see, to see if they’re responding as well as someone else. 
There might be some small dosage adjustment that I would 
make. It is clear the dosage range is no less than 1.75 or 2 mg, 
and no higher than 4.5 or 5 mg. So the range at which it 
works is between 1.75 and 5 mg. Three mg is a good dose 
that covers almost everybody.

The longer you block the endorphins, the less time you 
have for the endorphins to do their job. The effectiveness is 
reduced because you have a longer period of blockade of the 
endorphins. So the ideal is to find a dose for each person that 
maximally increases the endorphins and minimally blocks 
them. And it is clear that 1.75 to 5 mg is the dosage range. It 
might be useful, eventually, to do endorphin levels to find 
where within that range somebody falls. Or alternatively, the 
way medicine is practiced, we usually give standardized 
doses of drugs—to give a standardized dose and then, for 
people who are not responding or not responding as well as 
we would expect, to measure endorphin levels at different 
doses to find if there is another dose somewhat higher or 
somewhat lower that would work better. But the range would 
be about the same. It is a very small window for dosage.

Q: I am confused about the blocking mechanism. I thought 
that naltrexone stimulated the endorphins.

Dr Bihari: It stimulates by blocking. It blocks the receptors 
for opiates for endorphins in the hypothalamus, the struc-
ture in the base of the brain. And when it blocks those, the 
hypothalamus begins producing larger amounts, in the 

middle of the night, of a complex prohormone called proopi-
omelanocortin. That’s a hormone that breaks up eventually 
into three hormones and goes down a small stalk into the 
pituitary gland. In the pituitary gland, it’s broken down by 
enzymes into beta-endorphin, a hormone called adrenocor-
ticotropic hormone (ACTH), and a melanin-stimulating 
hormone. So, that we know for sure. It induces the adrenal 
gland to make more enkephalin through a prohormone 
called proenkephalin. It causes the increase by blocking. 
What the blocking does is it gives the body a false message 
that the body doesn’t have enough endorphins, and so the 
body responds with exquisite sensitivity by making more. 
This is a foreign substance, and yet, this foreign substance 
induces the body to make more of a natural substance that’s 
in the body. So it works by blocking. By blocking, it causes an 
increase in endorphin production. That’s why the dose is so 
critical, because we could just give everybody 50 mg and get 
an increase, but 50 mg would block the endorphins [com-
pletely] and they wouldn’t do any good. So the ideal dose 
would be the dose that produces a maximal increase but a 
minimal blockade of endorphins in the periphery.

Q: When the endorphins are stimulated in the middle of the 
night, does that level stay through the day?

Dr Bihari: Beta-endorphin, we know does. Beta-endorphin 
has a very long life in the body. The term that’s used with 
hormones and drugs is half-life, which means how long it 
takes for half of a substance—a hormone or a drug—for the 
body to get rid of it—to leave. And the half-life of beta-en-
dorphin is about 20 hours. That means if you raise beta-en-
dorphin levels between 2:00 and 4:00 in the morning, you 
still have much higher levels all the next day into the next 
evening. Metenkephalin is harder to measure because when 
it’s produced, unlike beta-endorphin, it immediately goes 
into cells. It stimulates the opioid receptors and goes inside 
the cells. The levels that we measure are not as reliable the 
next day. Presumably the cells of the body contain larger 
amounts of metenkephalin, but you wouldn’t be able to tell 
easily by doing blood levels. I hope that we can.

Potentially there could be a value in using both together. 
The naltrexone would get the body to make more endor-
phins, both beta-endorphin and metenkephalin. Of the two 
endorphins, those are the two most common endorphins. 
There are others. There is one called dynorphin, whose func-
tions are less clear, that is present mostly in the testicles. But 
the two most important ones for enhancing immune func-
tion and for killing cancer cells are endorphins that have 
what are called delta opioid receptor effects. 

There are several different kinds of opioid receptors. The 
mu (m) receptors are the pain receptors—mu named after 
morphine. Those are in the brain. The delta receptors are the 
receptors present primarily in small amounts in the brain but 
present in many tissues in the body—in most tissues. The 
delta receptors play very little role, if any, in pain relief, but 
they do play a major role in not only controlling cancer, but 
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gest that naltexone prevents it. Also, four of my patients with 
AIDS, or HIV, who are taking naltrexone with antiviral drugs 
stopped the naltrexone after starting the new antivirals. And 
after they saw the dramatic effects of the new antivirals, all 
four developed this complication, which is called lipodystro-
phy, generally 7 to 10 months after stopping the naltrexone. 
All four resumed taking it, after calling me, and two of the 
four had a complete reversal of this lipodystrophy. A third 
one has had about a 70% reversal in the first 7 months. And 
the fourth one has had no more than about a 20% reversal 
after 1 year. So three out of four have had a good response in 
terms of clearing up of this complication.

Of 30 000 people, two-thirds are taking it for HIV; others 
are taking it to treat various kinds of cancer and autoimmune 
diseases—primarily those three kinds of disease.

Q: How about the autoimmune diseases?

Dr Bihari: I can only guess, but I’ve seen people with autoim-
mune diseases who respond to it. What is clear is that the 
immune system’s harmony and orchestration is disturbed in 
autoimmune diseases. What tends to happen in a large per-
centage of autoimmune diseases is that the T-helper cells, 
which are the ones that are most vulnerable in HIV, are 
impaired in their function. Their numbers don’t drop sub-
stantially, but their function is impaired. They are really the 
master cells of the immune system. They are the ones that 
orchestrate the actions of the others. When they are not 
functioning well, one of the functions of other immune sys-
tem cells that is very important is lost—that is, the ability the 
immune system has to distinguish between those chemical 
structures in the body that are “ME”—that belong to the 
self—and those that are foreign to the self. It is that ability to 
distinguish between self and nonself that allows the immune 
system to recognize bacteria as foreign, and attack them, or 
[attack] parasites or funguses or cancer cells, which mutate 
enough so they become foreigners—as foreign, almost, as 
bacteria or funguses, and become the object of attack by 
immune system cells. What happens, apparently, in many 
autoimmune diseases is that some of the immune system 
cells, in particular cells called macrophages and cytotoxic 
killer cells, lose the ability to make that distinction, usually 
with regard to one, or sometimes more than one, system of 
the body and they start attacking the body’s tissues. 

In multiple sclerosis, for example, the killer cells or mac-
rophages start attacking the myelin sheath, which insulates 
nerve fibers. And it is the attack of the immune system on the 
nerve fibers that causes the neurological impairments in 
multiple sclerosis. And there does appear to be significant 
benefit to using LDN in treating multiple sclerosis in terms 
of preventing further attacks of progression. And I assume, 
based on this kind of research, that it is working by enhanc-
ing the functioning of the T cells, thereby restoring the 
proper orchestration of immune function, thereby stopping 
the attack cells from attacking the insulation of nerve fibers. 

But it seems to work quite well in a range of autoim-

in many of the effects that I described before that endorphins 
have. For example, the receptors in the immune-system cells 
are primarily delta receptors. Most of the peripheral, sys-
temic effects of endorphins are mediated through the delta 
receptors. 

There is actually one endorphin receptor, the kappa 
receptor, that seems to be the receptor for the drug, phency-
clidine (PCP), and is present in the brain. PCP is a hallucino-
genic drug, and what the relationship is between that recep-
tor, brain function, and endorphins is very unclear. But there 
is one opioid receptor that is particularly responsive to PCP. 

And there is some evidence that endorphins may play 
some role in controlling psychosis. I’ve actually seen exam-
ples of it—probably involving the PCP receptors, especially 
when I was treating a lot of methadone patients. When peo-
ple were slowly taken off methadone, about 3% to 4% became 
psychotic as the methadone dose was reduced. For those 
people, there tends to be a critical dose of methadone that 
prevents the psychosis. When you drop below that dose, it 
appears. So below a certain dose, generally in the 5 to 20 mg 
range, people would begin hearing voices, seeing things, hav-
ing very disturbed thinking, and developing—in some cas-
es—all of the symptoms of schizophrenia. Those are the 
people who had to stay on the methadone. Now, if metha-
done in those patients relieved their psychosis, it may well be 
that methadone has some effects on the receptors—the PCP 
opioid related receptors. In its absence, those receptors are 
too active and produce psychotic symptoms. And in its pres-
ence they are suppressed. But nobody has done a lot of fol-
low-up research. There has been some interest in investigat-
ing that relationship, but not enough, I think, to demonstrate 
what role endorphins and opioid receptors play in diseases 
like schizophrenia. They clearly play some role in some 
patients—people with schizophrenia.

Q: What kind of numbers are there of people who are using 
naltrexone?

Dr Bihari: As far as I can tell—mostly by calling pharmacies 
around the country—there are somewhere between 30 000 
and 40 000 people on LDN. From conversations with the 
pharmacists and with the physicians who are using it a lot, 
about two-thirds of them are taking it to treat HIV and 
AIDS, and in particular—more recently—with the purpose 
of trying to prevent or treat a complication of one of the fam-
ily of antiviral drugs for HIV called protease inhibitors. It is a 
complication in which fat metabolism is disturbed and fat 
redistributes itself so that people’s bodies become very dis-
torted in shape and their blood cholesterol and triglycerides 
go sky high. There is a disturbance in all aspects of fat metab-
olism, and naltrexone appears, anecdotally in my practice, to 
prevent that kind of complication—because not a single 
patient who I’ve treated with these new drugs, nearly 200, 
who are also on naltrexone, has gotten that complication. 
Around the world, about one-third of people on those drugs 
get the complication within 1 year, so that does strongly sug-
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cases, they are getting their own physicians to prescribe it. I 
certainly haven’t prescribed it to 30 000 people. I have, per-
haps, 800 or 900 at most, right now, whom I’m following on 
it. So a lot of people are on it through their own physicians. 
And one of the things that make it easy for physicians to 
prescribe it, once they read about it and think about it, is that 
the toxicity is really zero. There is absolutely no toxic effect at 
all. No side effects on a short-term, or a long-term basis, so 
there is no downside to it. And it is quite inexpensive. Most 
pharmacies charge $24 to $25 for a month’s supply, so it’s not 
toxic to the pocketbook either.

If a drug company got involved and got it approved at 3 
mg, that would become the official form. That would be the 
dosage and product for which insurance companies would 
pay. They wouldn’t pay for a pharmacist to grind it up and 
make 3-mg capsules. They would only pay for the officially 
approved drug manufactured by such-and-such a company. 
So if it does go through trials, the companies I’ve talked to all 
agree that it would not be a major impediment. What prob-
ably would happen is that the vast majority of people taking 
it would take the 3-mg capsules made by the company that 
owns it through the licensing, and only those people who 
don’t have insurance would have to pay larger amounts for 
the drug, because the price would certainly go up from the 
current compounding pharmacy price. For the people who 
have no insurance, it would be cheaper to have a pharmacist 
make it up. It won’t matter to them, because they are not 
going to get it paid for one way or the other. That probably 
would amount to 10% of the people taking it. So, if 90% of 
the people taking it are taking it in the form in which it has 
been approved, made by the company for which it’s been 
approved, then the company will make lots of money. That 
should not be an impediment.

Q: It seems to me that you’re in a position where you could 
avoid the whole FDA involvement.

Dr Bihari: People could avoid it—and do, since it’s legal for 
doctors to give it now. But it’s not going to be universally 
used for any disease until it’s licensed. Most physicians are 
not willing to prescribe it. So, until it’s shown in really good, 
scientifically designed studies to work, only then will it 
become widely known—widely understood. Only at that 
point would physicians not only prescribe it as routine for 
those diseases for which it works, but the follow-up research 
would be done to identify how it works, what it does, and 
what other diseases for which it might work. At the moment, 
it is a sort of haphazard system in which it has not really been 
proven that it works for anything except at high doses, 
although it appears to have some benefit at low doses. It 
really has to be proven in a scientific way. And I understand 
that, because I am a scientist. I’ve done sizable numbers of 
clinical trials and, although I have used other drugs off-label 
for patients, I would rather give people drugs that have gone 
through scientific study. But I wouldn’t hesitate to give a drug 
like this in a smaller dose that’s already licensed. It’s just a 

mune diseases: lupus, rheumatoid arthritis. That’s just anec-
dotal. None of these things have been demonstrated in large 
clinical trials. But it appears anecdotally in my practice that 
there are good responses to the drug in diseases like asthma, 
which is partly autoimmune; eczema, which is entirely auto-
immune; and psoriasis, which is an autoimmune disease. 
And several less common autoimmune diseases show good 
response, too. Although I haven’t had the opportunity to do 
endorphin levels on people with those diseases, I assume 
they are low, because it appears that restoration of normal 
endorphin levels causes reversal of the disease process.

Q: It must be frustrating to have this drug and not be able to 
get it out there.

Dr Bihari: No question. What I am frustrated about is not 
having the funds to do the proper clinical trials. What I am 
doing about that is to negotiate with drug companies that 
show some interest. If I find a drug company that is prepared 
to do the work involved and put out the funding involved—
the drug company would do clinical trials under FDA guide-
lines for each disease for which the drug appears to be useful. 
And once the drug was shown to be effective, if it is effective 
for each disease, the FDA would license it, and then it would 
become a licensed drug at 3 mg for that particular purpose. 
But doctors would also be able to start using it—using the 
3-mg capsules for other diseases, too, that they would very 
likely realize are related to the disease for which it’s approved. 
It is very frustrating to me, because from my own experience, 
it seems to be pretty clear that the drug has a lot of value. But 
it really doesn’t in a formal way, and in a way that will lead 
other physicians on a large scale to pick up and use it until it’s 
been officially approved by going through this process. That 
is frustrating. It takes a long time to find the right company 
to partner with to develop it.

Q: Could there possibly be a benefactor like Bill Gates?

Dr Bihari: Well, he would have the money. I calculated that 
doing the first three trials would cost about $50 million, but 
he would then need a company that has the capacity to not 
only test it, but to work with the FDA, to follow their guide-
lines, to bring it through the approval process—then to 
manufacture, distribute it, and advertise it. Only drug com-
panies and biotech companies have that capacity. So, funding 
could come from outside—venture capitalists, or even people 
like the Gates, who have set up large foundations. But even-
tually the money would have to go to a company that has the 
capacity to take all those steps and do it well.

Q: It seems like, if you got the word out about these 30 000 
people that are involved with this, that that would have some 
effect.

Dr Bihari: Well it is. The word is spreading through the 
Internet about it, and a lot of people are trying it, and in most 
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called hypericon has been extracted from the St John’s wort 
and added back in about 22-fold. So, since hypericon in the 
test tube is extremely effective against hepatitis C and hepati-
tis B, I had a company make this concentrated form up to use 
in treating people with those two kinds of hepatitis. And the 
combination of that with LDN looks very promising. It looks 
to me like the hypericon, the concentrated St John’s wort, 
looks to be the more important of the two ingredients. I think 
the naltrexone is helpful with any chronic infection, but the 
more dramatic element here is the hypericon. In the test tube, 
it really suppresses these two viruses. In people it seems to 
suppress hepatitis B and hepatitis C growth and markedly 
improve liver function. 

Q: So naltrexone is an all-purpose immune booster. 

Dr Bihari: Right. Naltrexone should be useful in treating any 
chronic infection—tuberculosis, for example; Lyme disease; 
certainly diseases like genital herpes, which I do have a pat-
ent for. It seems to be effective for people infected with geni-
tal herpes in preventing recurring attacks. So by boosting 
immune function, it appears to have benefit in a wide range 
of infections by increasing the immune system’s ability to 
control them. With hepatitis C, it’s hard to separate out what 
it does, because the hypericon acts as an antiviral.

Q: The more I learn about LDN, the more it seems like it 
should be like a vitamin.

Dr Bihari: (Laughs) It also could be viewed as a kind of 
snake oil! That’s the concern I have, that when you start talk-
ing about a drug that has such a wide range of potential val-
ues, sometimes people think you are a snake oil salesman. 
I’m really not. Each one of the things that I use it for involves 
diseases I have been treating for a long time. I have collected 
data as carefully as I can in my practice and it looks very 
promising for many things.

Q: Do you and your family take it?

Dr Bihari: Yes, I’ve been taking it for several years, because 
my grandfather died of colon cancer. My wife takes it because 
of a very strong family history of breast cancer. We have a 
number of friends who take it because of family histories of 
cancer. It seems intuitively obvious to them, as it does to me, 
that a drug that would effectively treat cancer should also 
help prevent it. Proving that would be a massive effort. You’d 
have to follow 50 000 people who are in high risk groups for 
5 to 10 years. One of the likely off-label uses once it’s approved 
will be by people who realize intuitively that it works to pre-
vent cancer, and they’ll start taking it. 
 
Q: And there is no reason you can think of to NOT take it?

Dr Bihari: There’s no downside to it. Of all the people I’ve 
given it to … First of all, with other physicians, if they run 

matter that the licensing by the FDA would not only make it 
immediately available to everybody. It would lead to insur-
ance reimbursement. It would lead to physicians understand-
ing what it is useful for. It would lead to more studies—
probably studies to extend its uses for other things that I am 
not even aware of—if it does turn out to work in these tri-
als.

Q: So right now you’re searching for a drug company?

Dr Bihari: Right now, I am looking for a drug company with 
which to negotiate for the purpose of having the company 
make a contractual commitment to do clinical trials for HIV 
and AIDS, at least two or three kinds of cancer, and autoim-
mune diseases; and to make a commitment to carry each use, 
if the drug is licensed—if the trials show effectiveness—to 
develop it for each use. Then, commit to manufacture it and 
market it and distribute it. To negotiate a contract with me so 
I can license patents to them so that they would be in a posi-
tion to make a sizable enough profit to make their investment 
worthwhile.

Q: What kind of success do you need in a trial?

Dr Bihari: The general standard is that the drug needs to be 
at least 5% better than a placebo. That’s all. A lot of drugs have 
been approved just for that small difference. And usually the 
clinical trials are designed with the assumption that it would 
be 5% better with large enough cases to demonstrate a 5% 
difference. The drug may well have more than that degree of 
effectiveness. But the standards really are 5%, particularly in 
a drug that has little or no toxicity.

But, with the results I’m getting with HIV and AIDS 
with combining LDN with antiviral drugs—also for people 
with cancer and autoimmune diseases—it looks anecdotally, 
from the point of view of a private practitioner, it looks like 
it’s a lot more effective than 5% over placebo—probably in 
the range of 60% to 70% effective. I would say that LDN has 
an overall effectiveness of 50% to 70%. That is my impression. 
Unfortunately, being the developer of this, I don’t know how 
biased I am in my observations, nor does anybody else. So 
this kind of anecdotal information can’t serve as the basis for 
licensing. It really requires that the trials be done by some-
body else in each field for each disease with people who 
specialize in that disease. I have had experience doing 
research—clinical trials for that disease. But these trials have 
to be done by people who have no financial interest, which 
obviously I do. That would provide much more credibility for 
the results, which my results lack, because of the nature of the 
way I’m involved with it.

Q: You’re also using it for hepatitis C?

Dr Bihari: Yes, I am. With hepatitis C, it is hard for me to 
identify how much it does, because I’m using it with purified 
extract of St John’s wort, the plant in which an ingredient 
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into what they consider side effects, they always call me 
because my name is so associated with it. The only side effect 
I have seen is a very small percentage of people find that on 
3 mg their sleep is poor. All they need to do is lower the dose. 
It simply means that the 3-mg dose is too high for them 
because they are more sensitive to it. Generally lowering it to 
2 mg is enough—lowering to 2 mg or 1.5 mg is enough to 
eliminate the sleep disturbance. That is literally the only side 
effect that I’ve seen. I’ve had two women on it for 14 years, 
one with multiple sclerosis, and one who had a metastatic 
melanoma and has been in remission. Both have stayed on it, 
simply to make sure their disease doesn’t recur. They have 
had no side effects at all. I have been on it for 10 years—my 
wife, for close to that. I have had a number of AIDS patients 
on it for as much as 12 to 14 years with no side effects at all. 
There is no downside to it. 
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Coronaviruses are one of the largest groups of viruses that we know about in medicine, and it has an extensive range of

natural hosts. Recently, newly evolved Coronaviruses have posed a massive threat to public health causing a worldwide

pandemic.  The novel coronavirus that causes COVID-19 sparks an inflammatory immune response that is essential to

control and eliminate the infection, however, certain immune responses can cause a decrease of gas exchange in the lungs.

This causes a huge problem because oxygenation of the blood is essential for human life and is the basis for maintaining

function of all major organs. So, will low dose naltrexone target certain immunological markers to ensure that the body does

not injure itself during the fight against coronavirus?

Naltrexone is a pure opioid antagonist with activity and many opioid and non-opioid receptors. It is currently used for alcohol

use disorders, opioid addictions and obesity. Naltrexone can be used for several different disorders depending on the

dosage that is used, and the effects might differ when the doses are changed. Higher doses of naltrexone can be used for

impulse control disorders and several other addictions. However, Low Dose Naltrexone (LDN), has been studied and shown



promise in the treatment of many diseases such as Crohn’s disease, multiple sclerosis, and chronic fatigue syndrome. Dr.

Bernard Bihari, known to some as the father of Low Dose Naltrexone, completed research that showed LDN was used to

boost endorphin levels in patients by 3X. These endorphins levels can improve immune function and might be used to help

at-risk patients to fight off the Novel Coronavirus infection.

To understand how medications attack and destroy the virus, we need to understand how the virus gets inside the body,

how it infects the host, and how it is transmitted to others. Like many other infectious diseases, Coronavirus enters the body

through direct contact with direct mucous membranes such as eyes, mouth, or nose. When the virus gets into the body, it

will use the body’s own cells to replicate and spread. When the body recognizes the foreign virus, it will send in many

natural defenses. These natural defenses will cause a fever, cough, inflammation, possible mucous production, and other

symptoms. The virus can then spread from an infected person to others through droplets from a cough, sneeze, or contact

with another person. That is why it is essential to follow social distancing guidelines, wash your hands regularly, disinfect

areas high touch areas, stay home if you are sick, and wear a mask when you need to go out in public.

The next issue that we need to tackle is clarifying the process of the virus replication and the triggering of the important

immune responses. To understand this process, we need look at the shape of the coronavirus.

The coronavirus uses its membrane to protect itself from attack. The spike coming from the outside of the membrane is

used to connect to the body’s cells and insert replicating data into the cells to continue to make more of the virus.

The body will recognize the infection and send a variety of immune responses to attack the invader. The body has several

natural defenses that are activated by Coronavirus. Some of the defenses are toll-like receptors, IL-6, transforming growth

factor beta, and many other pro-inflammatory defenses in the body. These defenses will attack the virus by using

complicated pathways and mechanisms. These mechanisms will trigger fever, irritation and inflammation in the lungs, and



cough which are the main symptoms of the COVID-19 disease.

Toll Like Receptors (TLR) have several downstream effects when they become activated by an agonist like coronavirus.

The downstream products include tumor necrosis factor alpha, IL-6, and inflammatory factor nitric oxide (NO). When low

dose naltrexone blocks these TLRs, it inhibits the production of these inflammatory cytokines and acts as an

immunomodulator through the suppression of innate immune cells.

Low Dose Naltrexone (LDN) has been proven to reduce several pro-inflammatory cytokines in the treatment of other

diseases, but due to the recent discovery of this novel virus, we are unsure of the effectiveness of LDN on this virus. In one

study where LDN was used to decrease fibromyalgia pain, the treatment group found reduced plasma levels of many

inflammatory cytokines that are also released during immune response to COVID-19. These people found 18% reduction in

overall symptoms, and the study suggests that that LDN plays a key role in the reduction of several key pro-inflammatory

cytokines and symptoms.

The proposed mechanism by which LDN would work to effectively inhibit the coronavirus from causing severe illness is

complicated and theorized. This means that the lungs would become less inflamed and have a larger amount of useful

surface area in which oxygen could be passed from the lungs into the blood. When considering the mechanism of the

Coronavirus, and the inhibitory effects of LDN, we are proposing the use of LDN to promote treatment and prophylaxis of

this new infectious virus. Dr. Phil Boyle, an Irish physician has also proposed the immune enhancing effects of LDN for

COVID-19 prophylaxis at doses of 3 mg to 4.5 mg nightly. He claims that daily LDN acts to normalize one’s immune system

and could perhaps downregulate an overactive immune system in a time of infection.






When considering the possible benefits in contrast with the risks of using LDN, we should consider prior research to

evaluate the likelihood of LDN causing severe adverse reactions. A meta-analysis was conducted analyzing the adverse

effects of LDN compared to placebo. This study analyzed 11,194 patients and concluded that LDN does not increase the

risk of serious adverse effects over placebo. These studies confirm the overall safety profile of oral LDN in the treatment of

patients with varying doses and disease groups. This shows that the use of LDN in patients who are at-risk of contracting

COVID-19 safe and highly advantageous.

A vaccine for the novel coronavirus is underway but could take months to years to finally hit the market. However, LDN is

available now. With limited treatment options for the Novel Coronavirus and the severity of the disease, it is imperative to

search for therapeutic options to improve immune health and reduce the spread of COVID-19. Low Dose Naltrexone could

be used as an immune boosting agent for those who are at high risk of contracting the COVID-19 disease. Those who

should be considered for this Low Dose Naltrexone therapy include the elderly, those who are immunocompromised, and

those who have structural lung disease.

See this gallery in the original post
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ABSTRACT
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the cause of Coronavirus Disease
(COVID-19) that has resulted in a global pandemic. At the time of writing, approximately 16.06 million
cases have been reported worldwide. Like other coronaviruses, SARS-CoV-2 relies on the surface Spike
glycoprotein to access the host cells, mainly through the interaction of its Receptor Binding Domain
(RBD) with the host receptor Angiotensin-Converting Enzyme2 (ACE2). SARS-CoV-2 infection induces a
profound downstream pro-inflammatory cytokine storm. This release of the pro-inflammatory cytokines
is underpinning lung tissue damage, respiratory failure, and eventually multiple organ failure in
COVID-19 patients. The phosphorylation status of ERK1/2 is positively correlated with virus load and
ERK1/2 inhibition suppressed viral replication and viral infectivity. Therefore, molecular entities able to
interfere with binding of the SARS-CoV-2 Spike protein to ACE2, or damping hyperinflammatory cyto-
kines storm, blocking ERK1/2 phosphorylation have a great potential to inhibit viral entry along with
viral infectivity. Herein, we report that the FDA-approved non-peptide opioid antagonist drug, naltrex-
one suppresses high fat/LPS induced pro-inflammatory cytokine release both from macrophage cells
and Adipose Tissue Macrophage. Moreover, Low Dose Naltrexone (LDN) also showed its activity as an
ERK1/2 inhibitor. Notably, virtual docking and simulation data also suggest LDN may disrupt the inter-
action of ACE2 with RBD. LDN may be considered as a target as the treatment and (or) adjuvant ther-
apy for coronavirus infection. Clinical toxicity measurements may not be required for LDN since
naltrexone was previously tested and is an approved drug by the FDA.
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Introduction

Coronavirus Disease 2019 (COVID-19) is a major health con-
cern, clinical symptoms of the disease vary from a mild ill-
ness, acute respiratory issues to multi-organ failure (Wang
et al., 2020; Zaim et al., 2020). Older age, diabetes, cardiac
diseases predict poor prognosis in COVID-19 patients (Fang
et al., 2020; Madjid et al., 2020). Although much is known
about the mortality of the COVID-19, however, details of the
cellular responses to this virus are not known.

Several preclinical and clinical trials data have indicated an
elevated cytokine/chemokine response in severe COVID-19
patients and identifies cytokine storm as the most potentially
dangerous event for mortality (Coperchini et al., 2020; Rahmati
& Moosavi, 2020; Zhang et al., 2020). Several kinases in the
MAPK/ERK (mitogen-activated protein kinases/extracellular sig-
nal-regulated kinases) pathway are essential for viral replica-
tion. ERK1 and ERK2 phosphorylate HIV-1 proteins and
enhance viral infectivity (Cai et al., 2007). The phosphorylation
status of ERK1/2 is positively correlated with virus load and
ERK1/2 inhibition suppressed viral replication and viral infectiv-
ity (Cai et al., 2007). Some preclinical findings have suggested

targeting the ERK1/2 pathway to halt the viral replication and
severity of SARS-COV-2 (Mizutani, 2010).

SARS-CoV-2 uses the homotrimeric spike glycoprotein as
the main protein that interacts with the host by binding to
host cell receptors (ACE2) to mediate virus invasion for cell
entry. Some recent studies have highlighted the important role
of ACE2 in mediating entry of SARS-CoV-2 (Hoffmann et al.,
2020; Walls et al., 2020). A recent report also recognized several
critical residues in RBD, including its Receptor-Binding Motif
(RBM) that directly contacts with human ACE2 (Lan et al.,
2020). An in-vitro study using HeLa cells also reinforced the role
of ACE2 in mediating entry of SARS-CoV-2, where HeLa cells
expressing ACE2 are susceptible to SARS-CoV-2 infection
whereas those without ACE2 are not. Furthermore, in-vitro
binding measurements, experiments showed that the SARS-
CoV-2 RBD binds to ACE2 with an affinity in the nanomolar
range, indicating that the RBD is a key functional component
that is responsible for the binding of SARS-CoV-2 by ACE2 and
can be considered as a target for the treatment of coronavirus
infection to block SARS-CoV-2 from entering host cells (Lan
et al., 2020; Walls et al., 2020).

There is a very fast ongoing search for therapeutics acting
on SARS-CoV-2 (Hussain, 2020). Depending on the activity,
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the therapies can be divided into majorly main categories:
(1) Inhibiting the viral RNA synthesis and replication, (2)
Deterring the virus from binding to human cell ACE2 recep-
tors, (3) Reinstating the innate immunity, and (4) Blocking
the host’s specific receptors or enzymes. Despite many
experimental and computational studies currently exploring
all of these categories, to date, there is no confirmed effect-
ive treatment specifically available for COVID-19.

In this study, we report that the FDA-approved non-peptide
opioid antagonist drug (Vickers & Jolly, 2006), naltrexone in
low dose (LDN) suppresses high fat/LPS induced pro-inflamma-
tory cytokine release both from macrophage cells and Adipose
tissue macrophages (ATMs). The naltrexone is already an FDA
approved drug and thus the pharmacology (pharmacokinetics
and pharmacodynamics) of naltrexone is well known and
reported elsewhere (Gonzalez & Brogden, 1988; Toljan and
Vrooman, 2018). LDN also showed activity as an ERK1/2 inhibi-
tor. Moreover, virtual docking and simulation data also suggest
LDN may disrupt the interaction of ACE2 with RBD. As a reliable
COVID-19 vaccine is unlikely to available before the maximal
infection of COVID-19 has occurred, it is essential to establish
therapeutics for the COVID-19 patients, based on our data, we
proposed FDA-approved LDN can be used in combination or
as an adjuvants therapy to treat mild to moderate symptomatic
COVID-19 patients

Research design and methods

Drugs and chemicals

Naltrexone hydrochloride was obtained from MP
Biomedicals (151725).

Cell lines and culture treatment

Murine macrophage (Raw264.7) cell line was cultured in
RPMI media supplemented with 10% fetal bovine serum and
1% penicillin-streptomycin

Cell viability

Cell viability assay was carried out in Raw264.7 cells using
MTT dye (3-(4, 5-dimethyl thiazol-2yl)-2, 5-diphenyl tetrazo-
lium bromide) as reported earlier (Dogra et al., 2019). Cells
were seeded in a 96-well plate and allowed to grow over-
night. Further cells were treated with varying doses (0, 2, 5,
10, 15, 20, 30, and 40 mM) of the LDN for 24 h. Post-treat-
ment, 10 ml of MTT (5mg/ml stock in PBS) was added to all
the wells. The formazan crystals thus formed were solubilized
in 200 ml DMSO and the absorbance was recorded using
(Infinite M200 Pro TECAN).

RNA isolation and gene expression profile

Raw264.7 cultured cells were treated with 5 lM of LDN in
the presence and absence of LPS. RNA was isolated from the
cells using RNA-Xpress reagent (HiMedia-MB601) and 1 mg of
RNA was reverse-transcribed (using iScript cDNA Synthesis

kit- Bio-Rad). Real time PCR was carried out following stand-
ard procedures using SYBR green (Bio-Rad) using mouse pri-
mers indicated in Supplementary table S4. Expression levels
were calculated using the 2-DDCT method with 18S rRNA as
an internal control (Livak and Schmittgen, 2001).

Western blot analysis

Raw264.7 cultured cells were incubated with LDN (0 and
5 mM) in the presence or absence of LPS. After treatment,
cells were lysed in RIPA buffer containing 1% protease- phos-
phatase inhibitors. Protein concentration was determined by
BCA assay reagent as described in the manufacturer’s
(Thermo Scientific-23227) manual. Protein was loaded on
SDS-PAGE and electro-blotted on to PVDF membranes. The
membrane was incubated in 5% milk blocking solution for
2 h at room temperature (RT) and probed against primary
antibody (1:2000 diluted in TBST; After washing with TBST,
the membrane was incubated with HRP conjugated IgG sec-
ondary antibody for 2 h and visualized by chemilumines-
cence. A list of antibodies is provided in supplemental
experimental procedures (Table S3).

ATM isolation and analysis

Mice were euthanized chemically and epididymal fat was proc-
essed for isolation of ATM. 1 gram of adipose fat was rinsed in
PBS and minced to small pieces in HEPES-DMEM buffer con-
taining 10mg/ml BSA. The suspension was centrifuged at
1000 g for 10min and the resultant supernatant was pipette off
to fresh tubes. 1mg/ml of collagenase type-IV and 50U/ml
DNAse-II were added to this suspension and incubated at 37 �C
for 45 mins with moderate shaking, filtered through 250-
micron filter and the resultant solution was centrifuged again
at 1000 g for 10 mins. Floating cells contained adipocyte and
pellet are SVC. RBC lysis buffer was added gently to disrupt the
sedimented pellets and centrifuged at 1000 g for 10min at
4 �C. Fat macrophage cells were isolated by using BD IMag
anti-mouse CD11bþmagnetic beads through positive selec-
tion under the magnetic field. The percentage purity of macro-
phage isolation was determined by FACSCANTO II flow
cytometer using APC tagged CD11b monoclonal antibody. The
isolated macrophage was processed for RNA isolation, cDNA
synthesis and various M1-M2 markers were evaluated using
real-time PCR.

Structure preparation and molecular docking

The experimentally solved SARS CoV-2 RBD-ACE2 complex
(PDB ID: 6M0J solved at 2.45 Å) was obtained from PDB (Lan
et al., 2020). The ligand naltrexone (PubChem CID: 5360515)
was extracted from the PubChem database. An attempt was
made to dock to explore the binding mode of naltrexone
onto the binding interface of the RBD-ACE2 complex using
AutoDock version 4.2 (Morris et al., 2009) and AUTODOCK
tools 1.5.6. Before docking, the protein was prepared by the
removal of small molecules and waters. Then, polar-hydrogen
atoms were added to the structure followed by Gasteiger

2 A. CHOUBEY ET AL.

https://doi.org/10.1080/07391102.2020.1820379
https://doi.org/10.1080/07391102.2020.1820379


charges calculation. Ligand centered map was generated
with a spacing of 0.375Å and grid dimensions of
46� 46� 46 Å3 (x-y-z) covering the biding interfaces residues
(which includes the receptor-binding motif viz., RBM) of the
complex (coordinates of central grid point of maps:-34.512,
20.978, 4.521). Default settings were used for all other
parameters while performing docking with the number of
GA run to 100. From the resultant docked conformations, the
top-ranked conformation with the least free energy of bind-
ing, hydrogen-bonding and interatomic-bonding pattern was
selected for further optimization by employing long term
MD simulation. PyMOL (The PyMOL Molecular Graphics
System, Version 2.0 Schr€odinger, LLC.) and BIOVIA Discovery
Studio Visualizer version4.5 were employed used to visualize
the inter-molecular contacts between naltrexone with RBD-
ACE2 complex.

In order to perform target prediction calculation and com-
parative analysis, we docked two reported inhibitors of ACE2
named SSAA09E2 (CID: 2738575) and Bisoctrizole (CID:
3571576) using the same parameters employed for naltrex-
one with ACE2-RBD complex through AutoDock (Adedeji
et al., 2013; Patil, 2020).

Molecular dynamics simulation

To study the dynamic behavior, stability, and conformational
flexibility RBD-ACE2- naltrexone complex, all-atoms MD simu-
lations were performed as reported previously (Dehury et al.,
2014; 2017; Girdhar et al., 2019). CHARMM36 force fields
were used for topology building of protein in
GROMACSv2019.4 package (Abraham et al., 2015). The ligand
topology was derived from CHARMM General Force Field
(https://cgenff.umaryland.edu/) (Vanommeslaeghe and
MacKerell, 2012). The structure was solvated in a cubic water
box in TIP3P water model. The system charge was electro-
neutralized by adding 0.15M NaCl to the solvated system. To
eliminate bad contacts in the complex system energy mini-
mization was done with the steepest descent algorithm in
5,000 steps. The non-hydrogen atoms of the ligands were
restrained, and system equilibration was done in two steps
including NVT and NPT ensembles in 10 ns at 300 K in atmos-
pheric condition (1 atm). Finally, production MD was per-
formed 100 ns at 300 K with a 2-femtosecond (fs) time step
using Leapfrog integrator. The resultant trajectory was
explored to understand the structural dynamics of the com-
plex system through various utility toolkits of GROMACS.
Stability parameters including backbone root mean square
deviation (RMSD), the radius of gyration (Rg), Ca-root mean
squared fluctuations (RMSF), and intermolecular hydrogen
bond (H-bond) distributions were computed for the complex
system. 2D graphs were plotted using XMGrace, while, inter-
action images were plotted using BIVIA DSV and PyMOL.

Statistical analysis

All the data presented is as mean± SEM of three individual
experiments unless specified. Comparisons between means

were performed using Student t-test for unpaired data within
two conditions.

Results

LDN treatment diminishes LPS induced cytokine storm

Cytokine storm is a very commonly observed factor in most
severe COVID-19 patients and also one of the leading causes
of mortality (Coperchini et al., 2020; Rahmati and Moosavi,
2020; Zhang et al., 2020). Peripheral blood of severe COVID-
19 patients has also shown a high level of cytokine storm
(Wu and Yang, 2020). Keeping in mind the ability of lipopoly-
saccharide (LPS) to cause sepsis and triggers an uncontrolled
systemic inflammatory response in murine macrophage cells
(Ramos-Benitez et al., 2018), we treated macrophage cells
with LPS (1mg/ml) in the presence and absence of LDN
(5 mM). The dose of LDN chosen is non-toxic (Figure S2) as
found in cell viability using MTT (4,5-dimethylthiazol-2-yl-2,5-
diphenyltetrazolium bromide) assay following the standard
protocol (Dogra et al., 2019).

Results demonstrated that LPS treatment significantly
induced expression on pro-inflammatory cytokines (IL-1b, IL-6
and mcp-1) whereas, LDN significantly inhibited LPS expression
of IL-1b, IL-6 and mcp-1 in macrophage cells (Figure 1(A)). Next,
we tested the possible involvement of LPS in inducing the
release of pro-inflammatory cytokines, and we also determine
the effects of LDN on release of pro-inflammatory mediators in
LPS induced macrophage cells (Figure 1(B)). Conditioned media
from LPS challenged macrophage cells showed a significantly
enhanced release pro-inflammatory mediators (IL-1b, MCP-1
and IL-6) and interestingly we found that LDN treatment attenu-
ated LPS induced IL-1b, MCP1 and IL-6 level (Figure 1(B)). These
data suggest that LPS induced macrophage cells, to release -
pro-inflammatory mediators, and LDN treatment can signifi-
cantly abrogate LPS induced release of pro-inflammatory media-
tors in media. Adipose tissue macrophages (ATMs) is closely
linked to this inflammatory condition which leads to numbers of
diseases and the ability of High Fat Diet (HFD) feeding on
increased LPS uptake and trafficking to macrophages and other
targets are well known (Hersoug et al., 2016). Hence in this
study, we investigated the effect of HFD on proinflammatory
markers expression in purified ATMs. Expression of pro-inflam-
matory markers such as IL-1b, MCP-1 and IL-6 was induced
(Figure 1(C)) whereas LDN attenuates HFD induced pro-inflam-
matory cytokines expression. Altogether, this data clearly shows
that LDN treatment may protect (by reducing elevated M1 cyto-
kines) against inflammation.

LDN treatment attenuates LPS induced ERK1/2
phosphorylation

ERK1 and ERK2 mitogen-activated protein kinases (MAPK)
play a critical role in the regulation of cell proliferation and
differentiation in response to mitogens and other extracellu-
lar stimuli. Mitogens and cytokines that activate MAPK in
cells have been shown to activate virus replication (Cai et al.,
2007). The cytokine storm is a well-known factor that is

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 3

https://cgenff.umaryland.edu/


increasing the severity and mortality in COVID19 (Coperchini
et al., 2020; Rahmati and Moosavi, 2020; Zhang et al., 2020).
Moreover, the phosphorylation status of ERK1/2 is positively

correlated with virus load and reduced ERK1/2 phosphoryl-
ation suppressed viral replication significantly, thus reduced
viral load (Cai et al., 2007). We pre-treated the cells with LDN
and were exposed to LPS for 18 h. As shown in Figure 1(D),
the phosphorylation of ERK 1/2 was increased after LPS
exposure which was significantly suppressed by LDN treat-
ment (Figure 1(D)). This finding suggests that LDN can acts
as an inhibitor for ERK1/2 activation and may reduce the
infectivity of virions.

In-silico studies revealed LDN interacts with the
receptor-binding motif of SARS-CoV-2-RBD

The latest research shows that the spike-receptor binding
domain (RBD) sequence of SARS-CoV-2 interacts with host
receptor ACE2 and this RBD-ACE2 complex plays a key role
in virus invasion and virulence. Based on the current research
progress, the RBD-ACE2 complex is considered as a target for
the treatment of coronavirus infection to block SARS-CoV-2
from entering host cells.

To understand the mode of interaction naltrexone in the
binding interface of RBD-ACE2 complex, molecular docking
was performed using AutoDock. The docking scores of the
top ten complexes have been summarized in Table S1. As
evidenced by the top-ranked conformation (as shown in
Figure 2), the naltrexone prefers to bind in the cavity formed
RBD and ACE2 receptor. Tyr505 and Glu406 of RBD formed
two crucial hydrogen bonds with the naltrexone with an

Figure 1. (A) LDN prevents LPS induced pro-inflammatory cytokines expression and release Quantitative mRNA expression of indicated genes (mcp-1, il-6 and Il1b)
in murine macrophage cells. (B) ELISA of pro-inflammatory proteins (MCP-1, IL-6 and IL-1b) in conditioned media from LPS challenged murine macrophage cells in
the present and absence of LDN (C) Quantitative mRNA expression of IL-1b, mcp-1 and IL-6 in purified ATMs from all group mice. Values are expressed as
mean ± SEM (n¼ 3) from three independent sets of repeats (mean ± SEM ���p< 0.001, ��p, ^^p< 0.01 �p,�p< 0.05.) (D) LDN acts as EKR1 inhibitor and
improved insulin sensitivity in LPS treated macrophage cells. ERK1/2 (Immunoblot) in RAW cells treated with LPS (1ug/ml) in the presence and absence of LDN.

Figure 2. The docked conformation of naltrexone at the binding interface of
RBD-ACE2 complex obtained from AutoDock (A) and interface amino acid resi-
dues involved in non-bonded contacts are labelled (B). The residues labeled in
blue represent RBD and in pink are ACE2.
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atomic distance of 2.08 and 1.80, while, Arg403 formed elec-
trostatic contact. While the His34, Glu37, and Phe390 of
ACE2 displayed several hydrophobic contacts (mostly pi-alkyl
contacts) with naltrexone.

Further, we compared ACE2-RBD/Naltrexone binding affin-
ity with some recently reported potential ACE2-RBD inhibi-
tors. Both (SSAA09E2 and Bisoctrizole) displayed an affinity
score of �6.7 kcal/mol and �8.5 kcal/mol respectively with
the ACE2-RBD complex as compared to Naltrexone which
shows an affinity score of �6.01 kcal mol�1 (Figure S3).
Comparative analysis of docked conformation of two
reported inhibitors as compared to Naltrexone revealed that
the former two prefers to occupy the inner central cavity in
ACE2-RBD complex (close to the N-terminus contact inter-
face) and while Naltrexone occupied the core central surface
with a greater number of contacts with the RBD of SARS
Cov-2. As Naltrexone occupies the central interface of ACE2-
RBD complex, thus, it can be expected to break a greater
number of crucial contacts which in turn can inhibit the
binding of RBD to host receptor ACE2. Further in-vitro and
in-vivo studies are required to understand the efficacy of
these compounds to understand the molecular basis of anti-
coronavirus activity or inhibitory potential.

Trajectory analysis

The dynamics stability of the RBD-ACE2-naltrexone complex
was analyzed by performing all-atoms MD simulations of
100 ns in GROMACS. The backbone RMSD analysis provides
important information on the stability of protein and pro-
tein-ligand complexes and the time when simulation reached
equilibrium. The RMSD of the RBD-ACE2-naltrexone complex
displayed an average RMSD �2.46 Å throughout the entire
simulation (Figure 3(A)). Besides, the RMSD of ligand was
also found to be stable (red line in Figure 3(A)) with very

minimal deviation as compared to the starting conformation.
Overall, the complex system displayed the least backbone
deviation, indicates that docked conformation is accurate
and remained stable over the 100 ns timescale. Radiuses of
gyration assess the compactness of the system, where a
compact gyradius of �3.24 nm for the complex indicates the
consistent shape and size of the system during the simula-
tion (Figure 3(B)). The residue flexibility of protease and RBD-
ACE2/Naltrexone complex was examined by performing Ca
RMSF analysis of both the sub-units (Figure 3(C)). The aver-
age RMSF of ACE2 was found to be 0.14 nm, while for the
RBD it was reported to be 0.17 nm (for the receptor-binding
motif �0.16 nm). The receptor-binding motif of RBD dis-
played a high degree of flexibility and the residues partici-
pated in the ligand interaction also portrayed higher RMSF
indicating their participation in ligand recognition.

The intermolecular hydrogen bonds (H-bonds) between
interacting atom pairs in a protein-ligand complex plays a
vital role in the stability and molecular recognition process
(Dehury et al., 2014). The intermolecular H-bonds were calcu-
lated with respect to time during the 100 ns MD simulation
to see the dynamics stability RBD-ACE2-Naltrexone complex
(Figure 4(A)). Though we observed an increased differential
H-bonding during the initial 20 ns equilibration phase, how-
ever a stable trend with an average of �4.13 H-bonds are
noticed from 60 to 100 ns. Close inspection of snapshots
from MD revealed that some of the H-bonds were broken
out during MD simulation, but at a later stage they well
rewarded by new H-bonds, and hydrophobic contacts. This
may be due to the structural re-orientation of ligand naltrex-
one in the binding pocket. The structural superposition of
the docked complex with the cluster representative obtained
from clustering analysis displayed Ca RMSD of 0.65 Å
indicated that the complex retained its structural integrity
throughout the simulation (Figure 4(B)). However, close

Figure 3. Dynamics stability of RBD-ACE2-Naltrexone complex during 100 ns molecular dynamics simulation. (A) The root-mean square deviation (RMSD) of RBD-
ACE2-Naltrexone complex during 100 ns MD in aqueous solution. (B) The compactness of the measured by the radius of gyration profile of complex with respect to
time (C) The Ca-root mean squared fluctuation profile of the ACE2 and RBD during MD.
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observation of the ligand for the initial starting structure
used MD revealed that the ligand tends to reorient within
the binding site during MD (as shown in Figure 4(C)) but
form a close tight network of hydrogen bonds and non-
bonded contact with ACE and RBM of RBD. Analysis of the
cluster representative revealed the crucial residues of RBD
and ACE2 involved in the crucial interaction with naltrexone.
Lys417 and Asp405 from RBD formed two hydrogen bonds
with naltrexone, while Glu37 of ACE2-formed the lone hydro-
gen bond (Figure S2). Many electrostatic and hydrophobic
contacts were also observed in the complex (Figure S2)
where, Ile418, Gln409, and Tyr505 from RBD consistently
formed close contact with ligand indicates their strong par-
ticipation in the interaction mediated by naltrexone.

Discussion

As a reliable COVID-19 vaccine is unlikely to available before
the maximal infection of COVID-19 has occurred, it is essen-
tial to establish therapeutics for the individuals at moderate
and high risk of the disease. So far, anti-viral medication is a
major available option for COVID19 patients (Madjid et al.,
2020). LDN which showed properties like anti-inflammatory,
ERK1/2 inhibitory, and as well virtual docking and simulation
data also suggested LDN may disrupt the interaction of ACE2
with RBD. LDN has been gaining credibility in its ability to
halt the progression of several diseases without significant
side effects when administered in low dosage ( Toljan and
Vrooman, 2018; Younger et al., 2014; Low-Dose Naltrexone
for Pruritus in Systemic Sclerosis, XXXX ).

Spike is the main structural protein of coronavirus and
assembles into a special corolla structure on the surface of
the virus as a trimer. Spike is the main protein that interacts
with the host by binding to host cell receptors to mediate
virus invasion (Walls et al., 2020). Spike is cleaved into S1
and S2 by the host cell protease like TMPRSS2, etc. The main
function of S1 is to bind with host cell surface receptor;
ACE2 and the S2 subunit mediates virus-cell and cell-cell
membrane fusion (Walls et al., 2020). Spike structural integ-
rity and cleavage activation play a key role in virus invasion
and virulence (Lu et al., 2020; Walls et al., 2020). Therapeutic
strategies to block coronavirus from entering host cells by
targeting Spike proteins or specific receptors (ACE2) on the

host surface are valuable for the development of anti-viral
drugs (Hussain, 2020). It is anticipated that potential ACE2
inhibitors may not be suitable to use as drugs for treating
SARS-CoV-2 infection because the poor prognosis would be
induced by the inhibition of ACE2 enzyme activities, consid-
ering ACE2 is a protective role against lung injury. Recently,
the crystal structure of the receptor-binding domain (RBD) of
the spike protein of SARS-CoV-2 bound to the cell receptor
ACE2 has been reported (Lan et al., 2020). Lan et al men-
tioned there are 13 hydrogen bonds at the SARS-CoV-2
RBD–ACE2 interface, this involves multiple tyrosine residues
(Tyr436, Tyr449, Tyr489, and Tyr505) from the SARS-CoV-2
RBD to form hydrogen-bonding interactions with the polar
hydroxyl group (Lan et al., 2020).

The latest research further strengthened that the spike-
RBD sequence of SARS-CoV-2 interacts with host receptor
ACE2 and this RBD-ACE2 complex plays a key role in virus
invasion and virulence (Walls et al., 2020). Based on virtual
screening results, LDN interacts with ACE2. Naltrexone pre-
fers to bind in the central cavity formed SARS-CoV-2 RBD
and ACE2 receptor. Tyr505 and Glu406 of RBD formed two
crucial hydrogen bonds with the naltrexone with an atomic
distance of 2.08 and 1.80, while, Arg403 formed electrostatic
contact. While the His34, Glu37, and Phe390 of ACE2 dis-
played some hydrophobic contacts (mostly pi-alkyl contacts)
with naltrexone. Overall this suggests LDN can strongly inter-
act with SARS-CoV-2 RBD, including its RBM may further
influence RDB- ACE2 binding, and host cell infectivity.

Therapeutic options for severe COVID-19 remain limited to
date, immunomodulatory agents that directly target the crucial
cytokines involved in COVID-19 may also help in alleviating
hyperinflammation symptoms, mild and severe cases in
particular(Zha, 2020). Corticosteroids are among the most com-
monly used drugs for immunomodulatory therapy of infectious
diseases. However, the use of corticosteroids in the treatment
of COVID-19 can cause host immune suppression and may
delay viral clearance (Stockman et al., 2006). Combination of
antibiotic, antiviral and steroid therapy exhibited respiratory
failure and required non-invasive ventilation (Wu et al., 2020).
Elevated plasma IL-6 levels have been reported and to be
predictive of a fatal outcome in COVID-19 patients (Coperchini
et al., 2020; Zhao, 2020). Other than corticosteroids,
Tocilizumab, a specific monoclonal antibody that blocks IL-6,

Figure 4. Inter-molecular hydrogen bond dynamics and structural superposition of the initial complex with the simulated RBD-ACE2-naltrexone complex during
100 ns MD. (A) Dynamics stability of RBD-ACE2-naltrexone complex with respect to inter-molecular hydrogen bonds along the 100 ns time scale. (B) Structural
superimposed view of the starting complex used for MD (green) and the snapshot obtained from clustering analysis (cyan) of MD trajectory during the last 50 ns.
(C) Inter-molecular contacts of the docked complex and MD simulated complex.
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has been recommended for use in severe or critically ill
patients. Tocilizumab specifically binds to IL-6 receptor and
blocks its signaling cascade (Tanaka et al., 2016). However, clin-
ical experience with tocilizumab in viral disease is very limited.
Moreover, high costs and safety risks may be a barrier to the
wide use of tocilizumab in the treatment of COVID-19.

Naltrexone hydrochloride is an FDA-approved non-peptide
opioid antagonist (Cornish et al., 1997). In 1995, the FDA
approved 50mg naltrexone (ReVia) for the treatment of alco-
hol addiction. Low Dose Naltrexone (LDN; dose between 1
and 5mg) is an immune-modulator, and a known TLR4 and
opioid receptor antagonist (Cant et al., 2017; Hutchinson
et al., 2008; Wang et al., 2016). Although naltrexone was syn-
thesized as an orally active competitive opioid receptor
antagonist, however, LDN exhibits paradoxical properties,
including analgesia and anti-inflammatory actions, where,
LDN simultaneously has an antagonist effect on non-opioid
receptors (TLR4) which have not been reported at higher
doses (Cant et al., 2017; Hutchinson et al., 2008; Wang et al.,
2016; Younger et al., 2014). Unlike high doses of naltrexone,
LDN has several mechanisms of action reported in the litera-
ture (The Uses of Low-Dose Naltrexone in Clinical Practice,
2020). LDN stimulates the release of b-endorphins by acting
on the opioid receptor (Gold et al., 1982; The Uses of Low-
Dose Naltrexone in Clinical Practice, 2020). LDN acts as a
TLR4 antagonist, in a human pilot study (4.5mg of LDN daily)
significantly reduced serum pro-inflammatory cytokines (IL)-1,
IL-2, IL-12, IL-18, etc (Parkitny and Younger, 2017).
Importantly, low cost, low side effects, no reports of LDN
interactions with other medications, and oral availability
make LDN as a lucrative option to be used as an immuno-
modulatory agent and may be considered for use in combin-
ation with antiviral drugs or hydroxychloroquine for the
treatment of severe or critical cases of COVID-19.

Our data provide a proof-of-concept for the potential
feasibility of repurposing of FDA approved non-peptide opi-
oid antagonist; naltrexone as host-targeted broad-spectrum
antiviral therapies to combat COVID-19 infections. The next
step will be to confirm data in COVID-19 patients. LDN alone
or as an adjuvant therapy with hydroxychloroquine or an
antiviral agent may give physicians more time to provide
supportive treatment for patients with COVID-19.
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Abstract: Naltrexone and naloxone are classical opioid antagonists. In substantially lower than
standard doses, they exert different pharmacodynamics. Low-dose naltrexone (LDN), considered
in a daily dose of 1 to 5 mg, has been shown to reduce glial inflammatory response by modulating
Toll-like receptor 4 signaling in addition to systemically upregulating endogenous opioid signaling by
transient opioid-receptor blockade. Clinical reports of LDN have demonstrated possible benefits in
diseases such as fibromyalgia, Crohn’s disease, multiple sclerosis, complex-regional pain syndrome,
Hailey-Hailey disease, and cancer. In a dosing range at less than 1 μg per day, oral naltrexone
or intravenous naloxone potentiate opioid analgesia by acting on filamin A, a scaffolding protein
involved in μ-opioid receptor signaling. This dose is termed ultra low-dose naltrexone/naloxone
(ULDN). It has been of use in postoperative control of analgesia by reducing the need for the total
amount of opioids following surgery, as well as ameliorating certain side-effects of opioid-related
treatment. A dosing range between 1 μg and 1 mg comprises very low-dose naltrexone (VLDN),
which has primarily been used as an experimental adjunct treatment for boosting tolerability of
opioid-weaning methadone taper. In general, all of the low-dose features regarding naltrexone
and naloxone have been only recently and still scarcely scientifically evaluated. This review aims
to present an overview of the current knowledge on these topics and summarize the key findings
published in peer-review sources. The existing potential of LDN, VLDN, and ULDN for various areas
of biomedicine has still not been thoroughly and comprehensively addressed.

Keywords: naltrexone; naloxone; low-dose naltrexone; fibromyalgia; Crohn’s disease; pain; glia

1. Introduction

Naltrexone is classically prescribed in daily doses of at least 50 mg to be taken orally.
This pure opioid receptor antagonist has been Food and Drug Administration (FDA)-approved for
medication-assisted treatment of alcoholism or opioid use disorders [1]. Following Dr. Bihari’s initial
off-label use of naltrexone in doses ranging from 1.5 mg to 3 mg as an adjunct therapy for acquired
immune deficiency syndrome (AIDS) in the 1980s, low-dose naltrexone (LDN) has been introduced
into clinical practice [2]. Due to the lack of large-scale clinical trials and standardized experiments
directed at finding proper indications for LDN, it has remained as an off-label option. After pioneering
applications, it has been widely accepted as an alternative medicine modality and is used to treat
various medical conditions among its proponents. An online search with LDN as a search term yields
more than half a million results [3]. Currently, it is almost sold as an everyday supplement by certain
pharmacies (e.g., [4]), which makes it a readily available compound with a daily dose costing less
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than one US dollar. It might seem that Dr. Bihari’s statement, on how LDN use without strong
evidence-based studies might turn it to ‘snake-oil’, has been fulfilled [2]. Fortunately, recent scientific
interest in LDN has increased, and a noticeable rise in peer-reviewed literature on the topic has been
noted. Even though a number of randomized controlled trials on LDN have appeared, other types of
research are still predominant. One of the latter has been a recent Norwegian pharmacoepidemiological
study encompassing a complete medication prescribing national database which demonstrated that
0.3% of the country’s entire population received at least one dose of LDN following an airing of an
LDN-related documentary on a popular television channel [5].

1.1. Aims and Purpose

The primary scope of this narrative review is to present scientific evidence evaluating LDN as a
treatment. Secondly, mechanisms of action pertaining to use of naltrexone or naloxone in lower doses
shall be discussed. Thirdly, the article should ideally present a comprehensive summary of up-to-date
knowledge on the usage of naltrexone or naloxone in low-range dosing, a first of this kind.

1.2. Methods

PubMed and Google Scholar database searches with terms ‘LDN’, ‘low-dose naltrexone’,
‘ultra low-dose naltrexone’, and ‘very low-dose naltrexone’, were performed. Results included all
articles published in English between 1 January 1980 and 1 July 2018, which were then scrutinized
and selected for reading if they belonged in the category of a peer-reviewed scientific publication
where naltrexone or naloxone were used in doses or concentrations considered substantially lower than
standard treatment, that is, less than a 5 mg daily dose. Both clinical and basic studies were included
in results and the final pool contained 85 papers, 71 based on (very) low-dose naltrexone/naloxone
and 14 on ultra low-dose naltrexone/naloxone. References include the entire pool of publications, as
well as additional resources that were pertinent for this narrative review. As a rule of thumb, clinicians
have used naltrexone in doses ranging from 0.5 mg to 4.5 mg daily in order to label it as ‘low-dose’,
while less than a microgram per day doses have been considered ‘ultra low-dose’. The values in between
are considered as ‘very low-dose’. The article abided by the aforementioned terminology and was
written in a narrative manner that is intended to cover all relevant basic and clinical data on these topics.
The narrative review form was chosen in favor of a systematic review due to several reasons. As a first
comprehensive topical review of its kind, it is primarily a qualitative analysis, evaluating best evidence
available. Most studies would get excluded with specific systematic criteria and the quality of evidence
is mixed. This review should serve as a resource for future study designs and conducting research.

2. Pharmacological Properties

Naltrexone and naloxone are well-known opioid antagonists used in chronic or acute states
of abuse [6], respectively. Both have been experimentally used in low-range dosing with different
goals and patient populations in regard to their pharmacological properties. It primarily pertains
to naltrexone when dosing ranges are considered to be ‘low-dose’ and ‘very low-dose’, due to the
preferred oral route of administration in clinical settings. Regarding the expression ‘ultra low-dose’,
naltrexone and naloxone may be considered almost interchangeably due to a number of clinical
studies indicating the intravenous route when assessing ultra-low dosing range. For in vitro
experimental conditions, it has been shown that naloxone and naltrexone act in a most similar manner
regarding pharmacodynamics for the pertinent clinical effects that are at the center of this review [7,8].
The authors of this manuscript aimed to give a clear, independent, and current interpretation on the
topic, while potential or unavoidable biases are primarily a result of the scarcity of high-quality studies.

2.1. Standard Pharmacology of Naltrexone and Naloxone

Naltrexone or 17-(cyclopropylmethyl)-4,5-epoxy-3,14-dihydroxymorphinan-6-one is a non-selective
pure opioid antagonist with the highest affinity for μ-opioid receptors [6,9]. It is almost completely
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absorbed (96%), but its oral bioavailability ranges between 5% and 40% due to first-pass metabolism.
Naltrexone’s half-life is 4 h and it is a highly metabolized (>98%) drug—the major metabolite being
6-β-naltrexol with a half-life of 13 h and antagonist action on opioid receptors. Glomerular filtration is the
predominant mode of renal elimination for a small fraction of unmetabolized naltrexone, while 6-β-naltrexol
is additionally secreted.

Naloxone or 17-allyl-3,14-dihydroxy-4,5α-epoxymorphinan-6-one is a potent pure opioid receptor
antagonist [6,10]. It is usually administered as a parenteral injection, though an intranasal formulation
is also available [11]. Serum half-life ranges from 30 to 80 min. It is metabolized by the liver into
naloxone-3-glucuronide as the main metabolite. Excretion of metabolites is primarily through the
urine and up to 40% are eliminated in the first six hours after administration.

2.2. Mechanism of Action of Low-Dose Naltrexone

The clinical phase of LDN pharmacological research preceded the bench-scientific one, thus
theorizing on its exact mechanism of action has predominated until recently [12]. Naltrexone
expands the standard approach regarding a linear dose–effect curve. What is known as a
‘hormetic principle’, by which certain pharmacological or toxicological substances exert qualitatively
different pharmacodynamical effects in relation to the applied quantity, seems to address properties
of LDN in a more adequate manner [13]. It implies that naltrexone, having multiple dose-dependent
pharmacological targets with different respective effects, might be considered such a substance.

In discrete ‘low-doses’ ranging from 1 to 5 mg, naltrexone acts as a glial modulator [14,15].
It specifically binds to Toll-like receptor 4, where it acts as an antagonist [8,16,17]. Toll-like receptor
4 downstream cellular signaling includes myeloid differentiation primary response 88 (MyD88)
and toll-interleukin receptor (TIR)-domain-containing adapter-inducing interferon-β (TRIF) pathways,
both ultimately leading to inflammatory end-products such as interleukin (IL)-1, tumor necrosis factor
(TNF)-α, interferon-β, and nitric oxide [18]. Low-dose naltrexone disrupts the TRIF portion of the
signaling cascade which reduces TNF-α and interferon-β synthesis [8]. Consequently, activated
microglial cells expressing Toll-like receptor 4, otherwise a non-constitutive receptor, exert an
attenuated pro-inflammatory profile [16]. The span and importance of neuronal Toll-like receptor
4 signaling is still under debate with ex vivo [19] and in vitro [20] investigations emphasizing its role
in neuroinflammation, a role traditionally reserved for glia in the central nervous system (CNS) [21].
Hence the attribute ‘glial attenuator’ is occasionally used to describe LDN [15,22].

The ‘classical’ effect of naltrexone exerting opioid antagonism still abides by the traditional
dose–effect curve, yet at low-dose range this mechanism of action of the drug may seem less
important. On the contrary, instead of eliciting a permanent opioid receptor blockade by standard
dosing, the transient opioid receptor blockade ensuing from low-dose use upregulates opioid
signaling [12,23,24]. This opens the perspective of LDN as modulating tool of the neuroimmune
axis [25], which further intertwines with the neuroendocrine axis to form a crossroads between CNS
and rest of the body. The upregulation of the endogenous opioid system is evident in experimental
models by rising levels of endorphin and met-enkephalin, also known as opioid growth factor,
with concomitant respectively increased μ-opioid, δ-opioid, and ζ-opioid receptor expression, the latter
also termed opioid growth factor receptor [24,26–29].

The higher reactivity of immune cells and decreased growth of cancerous cells are both mediated
by transient increase in opioid growth factor signaling [23,24,30–32]. Permanent blockade of opioid
growth factor receptor leads to enhanced cellular growth, which is unwanted in case of tumors,
but has been experimentally used for wound or corneal abrasion healing (for a comprehensive
review on findings and mechanisms see [33]). Furthermore, upregulated endorphins may produce
neuropsychological benefits [34]. The potential theoretical benefits obtained by such net effects of
LDN led Dr. Panksepp, the founder of affective neuroscience, to propose it as an ‘enhancer of quality
of life’ [12]. A particular feature of stereoselectivity and LDN targets is noted. While classic opioid
receptors are selective for (−)-opioid-isomers, Toll-like receptor 4 is not [8]. By utilizing (+)-naltrexone
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or (+)-naloxone, opioid related signaling would not be affected and Toll-like receptor 4 would be
exclusively targeted. Theoretically, such stereoselective targeting would reduce the spectrum of drug
action that concerns endogenous opioid upregulation, but also enable a more specific assessment of a
particular mechanism of action in actual clinical setting.

2.3. Mechanism of Action of Ultra Low-Dose Naltrexone

Ultra low-dose naltrexone or naloxone (ULDN) pertains to a dosing range when less than 1 μg
quantities of drug are used. Its mechanism of action is related to a bimodal cellular response to opioids.
In addition to their inhibitory Gi-coupled response, opioids induce a concomitant and less overt
Gs-coupled stimulatory response [35]. The stimulatory response is acutely exclusive if small quantities
of opioid agonists are used, otherwise it increases steadily with chronic μ-opioid receptors stimulation.
The opioid receptor Gs-coupled response cascade has been associated with prolongation of action
potential, hyperalgesia, tolerance, and dependence. A crucial element mediating μ-opioid receptor
second messaging is the scaffolding protein filament called filamin-A (FLNA) [36,37]. Filamin-A
contains a high-affinity binding site for naloxone and naltrexone (3.94 pM). When such a binding
occurs, μ-opioid receptor Gs-coupling is attenuated and Gi-coupled response prevails. Thus, analgesic
effects of opioids are potentiated and unwanted consequences are mitigated. However, FLNA also
contains a low-affinity binding site for aforementioned opioid antagonists (834 pM). If both binding
sites are saturated, the favorable profile of μ-opioid receptor signaling is abolished. These affinity sites
dictate the span in which ULDN may be clinically relevant in boosting responses to μ-opioid receptor
agonism. Corresponding calculated drug concentration ranges are 1.3–272.9 pg/mL for naloxone and
1.4–284.7 pg/mL for naltrexone. The summary of clinical data on the use of ULDN is given further in
the article (see Section 4. Ultra low-dose naltrexone in clinical medicine).

2.4. Mechanism of Action of Very Low-Dose Naltrexone

There is no thorough pharmacological experimental study specifically evaluating pharmacodynamics
of very low-dose naltrexone (VLDN), besides some attempts in clinical setting discussed later in the article.
Due to its proximity to LDN dosing range, VLDN may have the properties and features quite similar to LDN.

3. Low-Dose Naltrexone in Clinical Medicine

Low-dose naltrexone has been shown to ameliorate and modify the course of various diseases
(Table 1). In regard to its multiple pharmacological targets and mechanisms of action, there is a
degree of complexity [8,21,33]. Clinical evidence covers a broad range of sources, from initial case
reports [38–40] to more recent randomized controlled trials [41,42]. Low-dose naltrexone could be useful
for states involving chronic inflammation or immune dysregulation [43], such as Crohn’s disease [44]
and fibromyalgia [41].

Table 1. Mechanisms of action and clinical use in regard to different doses of naltrexone used.

Dose Range Dose Specific Mechanism of Action Clinical Use

Standard
(50–100 mg) Opioid receptor antagonism Alcohol and opiate abuse

Low-dose
(1–5 mg)

Toll-like receptor 4 antagonism,
opioid growth factor antagonism

Fibromyalgia, multiple sclerosis, Crohn’s disease, cancer,
Hailey-Hailey disease, complex-regional pain syndrome

Very low-dose
(0.001–1 mg) Possibly same as low-dose Add-on to methadone detoxification taper

Ultra low-dose
(<0.001 mg)

Binding to high affinity filamin-A
(FLNA) site and reducingμ-opioid

receptor associated Gs-coupling
Potentiating opioid analgesia
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3.1. Multiple Sclerosis

The proposal for scientific investigation of LDN as a treatment for multiple sclerosis (MS) has been
presented as a medical hypothesis in 2005 [45]. Soon after, a multi-center open label pilot trial
involving 40 patients assessed the safety and tolerability of LDN in primary progressive MS for a
period of six months [46]. The drug was well tolerated, and a statistically significant decrease in
spasticity was noticed (secondary outcome). Levels of β-endorphins in patients’ peripheral blood
mononuclear cells increased concurrently with LDN administration, an in vivo proof of concept for
one of drug’s mechanism of action.

Later, a retrospective study evaluated 215 patients (87% relapsing-remitting MS, 10% secondary
progressive MS), who took LDN [47]. The mean disease duration was 10 years and median LDN
therapy period was 804 days. Despite an influence of recall bias, 77% of patients had no side effects
at any time under LDN. Six percent noted insomnia and five percent had nightmares. Sixty percent
of patients reported less fatigue while taking LDN and only four persons graded it oppositely. Three
quarters of patients endorsed an improvement in quality of life. Furthermore, a 17-week long [42]
and an 8-week long [48] randomized placebo-controlled trial determining effects of LDN on quality
of life in MS have been published prior to the aforementioned study. The former was comprised of
96 patients and no statistical difference was observed between the groups. The latter had 60 patients
who completed the trial and a significant improvement was noted for mental health components
estimating quality of life.

A retrospective study comparing standardized cohorts of LDN-only and LDN in combination
with glatiramer acetate users [49] found that there was no between-group difference in disease
progression per magnetic resonance imaging markers of inflammation. Half of the patients in both
cohorts had stable disease status over a ten-year period. The mean duration of disease was 14 years,
and the mean use of LDN as a therapy was three years. Such a period without adverse effects or
directly causing disease exacerbation corroborates safety of LDN when applied for MS. Additionally,
as determined per available historical laboratory test, LDN use in relapsing-remitting MS does not
alter any standard liver, kidney, or blood parameters. Commonality in all studies was the drug
being well tolerated and compatible with standard MS therapy (Table 2). Interestingly, the large scale
pharmacoepidemiological Norwegian study with a complete drug dispensing database has not found
any difference regarding standard therapy utilization among MS-affected patients who were provided
with LDN over a prospective two-year period [50].

Experimental studies in mice with induced autoimmune encephalomyelitis, a standard MS model,
demonstrated evidence of opioid growth factor signaling as a salient feature in pathophysiology of MS.
Prior to any clinical symptoms expected in mice, there was a reduction in circulating opioid growth
factor [51]. After introduction of LDN therapy, the values of opioid growth factor were restored.
Previous in vitro experiments reported that opioid growth factor or LDN may suppress proliferating B
and T cells [52,53], a feature with implications for autoimmune states. A recent experiment, based on
the aforementioned MS mouse model, demonstrated that opioid growth factor or LDN therapy
decreased levels of interferon-γ, TNF-α, and IL-10, but increased those of IL-6 [54]. This could possibly
help achieve a response state favoring a Th2 immune profile, otherwise considered to ameliorate
MS [54]. An earlier study in the same mouse model demonstrated benefits of opioid growth factor and
LDN in terms of halting disease progression, reversing neurological deficits, and considerably delaying
onset of neurological dysfunction [24]. Reduced serum opioid growth factor levels were also noticed
in humans affected by MS and likewise did LDN therapy revert the discrepancy. Such findings led
investigators to posit opioid growth factor as a possible biomarker in case of MS, besides recognizing
its therapeutic implications [51].
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Table 2. A summary of clinical experience on low-dose naltrexone (LDN) in multiple sclerosis per
peer-reviewed literature.

Disease Classification Type of Study
(Number of Subjects) Notable Outcomes Reference

Primary progressive
multiple sclerosis

Open-label uncontrolled
phase II (40)

• Safe and tolerable (primary outcome)
• Significantly reduced spasticity Gironi et al. [46]

Multiple sclerosis Randomized placebo-
controlled trial (60)

• Significant benefits for mental health
per quality of life indices Cree et al. [48]

Relapsing-remitting and
secondary progressive

multiple sclerosis

Randomized placebo-
controlled trial (96)

• No significant differences
in quality of life

Sharafaddinzadeh
et al. [42]

Relapsing-remitting and
secondary progressive

multiple sclerosis
Retrospective cohort (215)

• Majority reported improvement in
quality of life and reduced fatigue

• Well tolerated treatment with
insomnia and nightmares as adverse
effects in a minority of cases

Turel et al. [47]

Relapsing-remitting
multiple sclerosis Retrospective cohort (54)

• LDN as a single therapy did not result
in disease exacerbation Ludwig et al. [49]

Multiple sclerosis
Quasi-experimental

pharmacoepidemiological
cohort (341)

• Exposure to LDN did not reduce the
amount of disease modifying
therapies used

Raknes and
Småbrekke [50]

3.2. Complex Regional Pain Syndrome

The name complex regional pain syndrome (CRPS) reflects features of this condition and its
effective treatment is a clinical challenge. In addition to a standard pain management, LDN has
considerably improved symptoms in three patients [22,55]. The first two reported cases included
patients with longstanding (>3 years) intractable CRPS of multiple extremities severely affecting daily
activities including simple ones such as walking. Within a two-month period following the introduction
of LDN, both patients significantly reduced their use of ketamine for pain management and improved
clinically. In addition to objective and subjective reduction of CRPS symptomatology, the first patient
stopped using a walking cane, while the other underwent surgery of the CRPS-affected dystonic
foot without any postoperative disease exacerbation, ultimately achieving complete remission [22].
The latter result may be of particular interest since both trauma and surgery are common factors
involved in CRPS etiology and spreading A second case report presented a multi-morbid patient
suffering from Ehlers-Danlos syndrome, small-intestinal bacterial overgrowth, sleep apnea, and CRPS
of the right leg following cardiac catheterization [55]. After eight years of failed multi-modal pain
management for CRPS, LDN was introduced. In addition to concurrent treatments addressing other
diseases, the patient achieved remission on LDN.

3.3. Fibromyalgia

The first study evaluating LDN as an adjunct treatment in fibromyalgia was designed as single-blind
placebo-crossover pilot and comprised ten women suffering from the condition [56]. Two weeks of placebo
was followed by eight weeks of 4.5 mg LDN with subsequent two-week washout period. Daily symptom
severity scoring was performed as well as intermittent pain threshold tests. Following completion of the
trial, six patients were considered responders achieving a greater than 30% reduction in symptoms. Overall
cohort symptom reduction was 2.3% on placebo and 32.5% on LDN, as compared to baseline. Secondary
benefits reaching significance were reductions in daily pain, highest pain, fatigue, and stress. Higher initial
erythrocyte sedimentation rate was shown to be a predictor for response pointing to LDN as a tool to
address the inflammatory component in fibromyalgia. Later on, a randomized placebo controlled crossover
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double-blind study on the topic was run by the same research group [41]. The trial lasted 20 weeks,
including 12 weeks on LDN and four weeks on placebo. The primary outcome was measured by daily
assessment of symptoms. Twenty-eight patients managed to fulfill the required objectives for data analysis.
More than a half (57%), were considered responders per criteria used in the previous study. Patients’
satisfaction with life and mood was significantly better while taking LDN. Due to no reported side effects
in the pilot study, it was interesting that vivid dreams and headaches appeared more commonly while
taking LDN, even though the treatment was rated equally tolerable as placebo. These side effects were
minimized once the LDN dose was lowered to 3 mg per day. The most recent paper by the same group
evaluated changes in cytokine profile following LDN treatment [57]. It was a 10-week, single blind study
that included eight women in the final data analysis. The first two weeks were reserved for baseline studies,
while LDN was administered during rest of the period without placebo or control group, even though
the patients were told they could receive the former at any time. Outcomes have shown a significant
decrease in inflammatory cytokine levels, notably IL-6, TNF-α, transforming growth factor (TGF)-β, IL-17,
IL-1, IL-2, and interferon-α. Finally, a patient suffering from fibromyalgia who has been treated with
LDN demonstrated substantial subjective improvements during 27 weeks of constant follow-up visits [58].
In addition, an increase in cold pressor test from initial 7 s to 50 s at week 8 of LDN therapy was noted.
After week 27, the patient has been stable on LDN for at least six more months without any side effects.
Based on current data, further investigation of LDN in fibromyalgia is necessary.

3.4. Gastrointestinal Tract Diseases

The first application of LDN in gastrointestinal-related issues was in 2006, when an Israeli research
group presented a pilot study involving 42 patients suffering from irritable bowel syndrome (IBS) [59].
It was an open-label study where 0.5 mg LDN was given daily for 4 weeks. The drug was well tolerated
and more than 75% of patients were considered responders per a subjective scale measuring pain-free
days and symptom relief. Later on, a number of studies regarding inflammatory bowel disease (IBD)
were conducted (Table 3).

Table 3. A summary of clinical experience on low-dose naltrexone in Crohn’s disease per peer-
reviewed literature.

Type of Study
(Number of Subjects) Treatment Duration Notable Outcomes Reference

Open label prospective
(17 adult patients affected

by Crohn’s disease)

12 weeks + 4 weeks
follow-up

• Majority responded with a 70-point
decrease in Crohn’s disease activity index
(89%) and achieved remission (67%)

• Well tolerated, 7 patients reported
sleep disturbances

Smith et al. [38]

Pediatric case report
on Crohn’s disease (1)

4 weeks + 3 months
follow-up

• Patient achieved remission after failing
multiple standard regimens Shannon et al. [60]

Cochrane review of placebo-
controlled trials (34 adult and

12 pediatric patients
affected by Crohn’s disease)

12 weeks (adults) and
8 weeks (children)

• Drug was safe and tolerable
• Small sample precluded strong

conclusions, but LDN may provide
clinical benefits

Parker et al. [61]

Open label prospective
(19 adult patients affected

by Crohn’s disease and
28 by ulcerative colitis)

12 weeks

• Clinical improvement in majority (74.5%)
of patients who previously had intractable
disease, while some (25.5%)
achieved remission

• Drug was well tolerated and 4 patients
reported vivid dreams which resolved
upon morning drug administration
instead of bedtime

Lie et al. [44]

Quasi-experimental
pharmacoepidemiological

cohort of patients affected by
inflammatory bowel disease (582)

4 years
• LDN use was associated with significant

reduction in consumption of
anti-inflammatory medications in cohort

Raknes et al. [62]
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One of the earliest was an open label study involving 17 patients with histologically active disease
and Crohn’s disease activity index (CDAI) score of 220–450 [38]. Low-dose naltrexone was given
in a 4.5 mg daily dose over a period of 12 weeks. After the treatment, 89% of the patients were
deemed responders with a decrease in CDAI score by 70 points, while 67% achieved disease remission.
Quality of life significantly improved per monthly inflammatory bowel disease questionnaire and Short
Form-36 questionnaire, the effects lasting even four weeks post-LDN. Sleep disturbance was noted in
seven patients while on LDN, but the drug was well tolerated. These results prompted the use of LDN
in a pediatric patient with intractable active duodenal Crohn’s disease [60]. Symptoms improved four
weeks after LDN initiation and a control endoscopy with biopsy showed complete mucosal healing.
A Cochrane review, originally from 2014 [63] and updated in 2018 [61], evaluated LDN as a modality
for induction of Crohn’s disease remission. The total pool was 46 patients (12 pediatric), who were
enrolled in randomized placebo-controlled trials assessing LDN therapy against placebo over a period
of 12 weeks for an adult or eight weeks for a child. A significant 70-point decrease in CDAI score
has been endorsed by 83% of adult patients (risk ratio (RR) 2.22; 95% confidence interval (CI) 1.14 to
4.32). Moreover, endoscopic response was more common in the treatment group (RR 2.89; 95% CI 1.18
to 7.08), but no significant difference regarding remission was noted. A quarter of pediatric patients
treated with LDN achieved clinical remission (i.e., pediatric Crohn’s disease activity index score < 10),
while none did on the placebo. The drug was well tolerated and milder adverse effects such as sleep
disturbances, fatigue, nausea, or headache did not occur more common while taking LDN. Though
the quality of evidence was graded low, the review showed that LDN could potentially offer benefits
in active IBD.

The most recent clinical study assessing LDN in IBD was a prospective open-label trial involving
28 patients affected by Crohn’s disease and 19 by ulcerative colitis [44]. Patients with an intractable
active phase of IBD received 4.5 mg of LDN daily in addition to the standard treatment. Median
follow-up lasted for 3 months and 35 patients (74.5%), responded to therapy, that is, a decrease in
disease activity which lasted for at least a month was noted. Six patients achieved full clinical remission,
including five of them a complete endoscopic remission. Furthermore, adjunct in vitro/ex vivo
studies investigating effects of naltrexone on intestinal epithelial cells and organoids were performed.
Naltrexone significantly reduced endoplasmic reticulum (ER) stress in intestinal tissue organoids,
as well as in intestinal epithelial cell cultures exposed to bacteria and bacterial products such as
lipopolysaccharide. In a paired test involving epithelial cells obtained from patients before and after
LDN treatment, a significantly reduced amount of ER stress was noticed. When subjected to scratch
injury, HCT116 and CACO2 colonic epithelial cell cultures treated with naltrexone healed much faster
due to increased cellular migration. Though these findings point to a local anti-inflammatory response,
systemic levels of cytokines produced by intestinal cells, notably IL-8 and TNF-α, were unchanged in
patients on follow-up exams. Previous preclinical studies in murine IBD models demonstrated that
naltrexone treatment reduced the expression of proinflammatory cytokines such as IL-6 and IL-12 in
colonic cells, improved the histological features of colitis, decreased the systemic levels of C-reactive
protein and TNF-α, and reduced the severity of symptoms [64,65].

A Norwegian pharmacoepidemiological study extracting data from their complete national drug
dispensing database [62], assessed medication use in 582 patients affected by IBD who received at least
one LDN dose. The drug dispensing history of periods two years before and two years after the first
LDN dose was analyzed. There was a higher than 10% reduction of any other IBD-indicated drug use
in patient population collecting at least two doses of LDN. Following at least one LDN dose, there was
a 12–16.5% significant reduction in amionosalicylate use, the difference being in positive correlation
with the amount of LDN doses. For the group who obtained four or more LDN doses, there was a
significant reduction of intestinal corticosteroid use (−32.1%), and other systemic immunosuppressants
(−28.9%). Unfortunately, all the studies on the topic suffer from lack of stronger methods according to
evidence-based paradigms or from insufficient participants to yield statistically significant conclusions.
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Nevertheless, managing complex gastrointestinal pathologies such as IBD is still a great clinical
challenge, and LDN stands as a primarily safe and potentially beneficial adjunct treatment.

3.5. Cancer

The initial findings showing lower dosed naltrexone reduced the size of an experimentally
implanted neuroblastoma tumor, whereas a higher dosed naltrexone produced exact opposite
effects [66], opened the perspective of opioid-immune interactions and cancer growth, particularly
concerning mechanisms involving low-dose naltrexone and opioid growth factor receptor signaling
(for a recent topical review see [33]). In contrast to other areas where LDN has been applied,
pharmacological bench-science studies preceded clinical use for cancer management. A clinical
group using LDN and a nutritional supplement α-lipoic acid reported a couple of thought-provoking
case reports [67,68]. The combination was given to four patients with clinically and pathologically
confirmed advanced pancreatic cancer, who either refused or were not indicated for conventional
treatment. Remarkably, at the time of publication, two patients continued with their daily activates,
free of disease progression or symptoms, for respective periods of 78 and 39 months. Another
patient achieved substantial clinical benefits and ceased with the protocol, ultimately succumbing
to the disease after 14 months of diagnosis. The fourth patient with a history of three primary
malignancies obtained enough improvement to undergo pancreatic cancer surgery, but unfortunately
died due to postoperative septicemia, 12 months after diagnosis. The same group treated a 61-year old
multi-morbid patient with confirmed follicular lymphoma [39], who refused conventional treatment
and was started on LDN. Six months later, his cervical and inguinal lymph nodes—previously
measured to a maximum size of 12.7 cm—shrunk substantially and subsequent positron emission
tomography-computed tomography did not detect any abnormalities. After a one-year follow-up and
at the time of publication, he was symptom free. Low-dose naltrexone combined with opioid growth
factor has been used as an adjunct modality in the case of a pediatric patient who was born with a
severe hepatoblastoma. Following surgical resection and only initial chemotherapy discontinued due
to life-threatening toxicity, this alternative non-toxic treatment proved effective with patient remaining
disease-free on a 10-year follow-up exam [31]. In a prospective case series by a French group [69],
a metabolic treatment for cancer comprised of hydroxycitrate, α-lipoic acid, and LDN was applied in
11 patients who underwent multiple conventional cancer treatments with a life-expectancy between
two and six months. Even though some of the patients passed away relatively early due to advanced
disease or the follow-up was too short at the time of publication to establish longer-term treatment
effectiveness, it was notable that the combination was well tolerated without side effects. In eight
cases, disease progression has been halted with symptom improvement, as well as the predicted
six-month survival margin being surpassed. Recent in vitro/in vivo experimental studies further the
understanding of opioid growth factor signaling and point to concomitant met-enkephalin and LDN
administration as a modality with translational value for oncological clinical practice [30], for example,
priming cells with LDN significantly boosted efficacy of standard chemotherapeutic drugs [70].

3.6. Skin Conditions

Two recently published case reports describe significant amelioration of the skin condition known
as Hailey-Hailey disease after LDN has been used as a sole treatment [71,72]. This chronic familial
pemphigus was intractable in all four patients. The first case presents a patient who drastically
improved in clinical status and whose severity of the disease fell on dermatology life quality index
scale from 29 to 4 in just seven months [71]. The second case report describes three patients who have
had at least an 80% reduction in the extent of their disease, three months after starting LDN as the only
treatment [72]. The frequency of flare-ups has also been reduced, and no adverse effects have been
noted. A common pattern in both case reports was that prescribing of LDN started after patients’ own
initial request to introduce it as a treatment.
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Abstract: Naltrexone and naloxone are classical opioid antagonists. In substantially lower than
standard doses, they exert different pharmacodynamics. Low-dose naltrexone (LDN), considered
in a daily dose of 1 to 5 mg, has been shown to reduce glial inflammatory response by modulating
Toll-like receptor 4 signaling in addition to systemically upregulating endogenous opioid signaling by
transient opioid-receptor blockade. Clinical reports of LDN have demonstrated possible benefits in
diseases such as fibromyalgia, Crohn’s disease, multiple sclerosis, complex-regional pain syndrome,
Hailey-Hailey disease, and cancer. In a dosing range at less than 1 μg per day, oral naltrexone
or intravenous naloxone potentiate opioid analgesia by acting on filamin A, a scaffolding protein
involved in μ-opioid receptor signaling. This dose is termed ultra low-dose naltrexone/naloxone
(ULDN). It has been of use in postoperative control of analgesia by reducing the need for the total
amount of opioids following surgery, as well as ameliorating certain side-effects of opioid-related
treatment. A dosing range between 1 μg and 1 mg comprises very low-dose naltrexone (VLDN),
which has primarily been used as an experimental adjunct treatment for boosting tolerability of
opioid-weaning methadone taper. In general, all of the low-dose features regarding naltrexone
and naloxone have been only recently and still scarcely scientifically evaluated. This review aims
to present an overview of the current knowledge on these topics and summarize the key findings
published in peer-review sources. The existing potential of LDN, VLDN, and ULDN for various areas
of biomedicine has still not been thoroughly and comprehensively addressed.
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1. Introduction

Naltrexone is classically prescribed in daily doses of at least 50 mg to be taken orally.
This pure opioid receptor antagonist has been Food and Drug Administration (FDA)-approved for
medication-assisted treatment of alcoholism or opioid use disorders [1]. Following Dr. Bihari’s initial
off-label use of naltrexone in doses ranging from 1.5 mg to 3 mg as an adjunct therapy for acquired
immune deficiency syndrome (AIDS) in the 1980s, low-dose naltrexone (LDN) has been introduced
into clinical practice [2]. Due to the lack of large-scale clinical trials and standardized experiments
directed at finding proper indications for LDN, it has remained as an off-label option. After pioneering
applications, it has been widely accepted as an alternative medicine modality and is used to treat
various medical conditions among its proponents. An online search with LDN as a search term yields
more than half a million results [3]. Currently, it is almost sold as an everyday supplement by certain
pharmacies (e.g., [4]), which makes it a readily available compound with a daily dose costing less
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than one US dollar. It might seem that Dr. Bihari’s statement, on how LDN use without strong
evidence-based studies might turn it to ‘snake-oil’, has been fulfilled [2]. Fortunately, recent scientific
interest in LDN has increased, and a noticeable rise in peer-reviewed literature on the topic has been
noted. Even though a number of randomized controlled trials on LDN have appeared, other types of
research are still predominant. One of the latter has been a recent Norwegian pharmacoepidemiological
study encompassing a complete medication prescribing national database which demonstrated that
0.3% of the country’s entire population received at least one dose of LDN following an airing of an
LDN-related documentary on a popular television channel [5].

1.1. Aims and Purpose

The primary scope of this narrative review is to present scientific evidence evaluating LDN as a
treatment. Secondly, mechanisms of action pertaining to use of naltrexone or naloxone in lower doses
shall be discussed. Thirdly, the article should ideally present a comprehensive summary of up-to-date
knowledge on the usage of naltrexone or naloxone in low-range dosing, a first of this kind.

1.2. Methods

PubMed and Google Scholar database searches with terms ‘LDN’, ‘low-dose naltrexone’,
‘ultra low-dose naltrexone’, and ‘very low-dose naltrexone’, were performed. Results included all
articles published in English between 1 January 1980 and 1 July 2018, which were then scrutinized
and selected for reading if they belonged in the category of a peer-reviewed scientific publication
where naltrexone or naloxone were used in doses or concentrations considered substantially lower than
standard treatment, that is, less than a 5 mg daily dose. Both clinical and basic studies were included
in results and the final pool contained 85 papers, 71 based on (very) low-dose naltrexone/naloxone
and 14 on ultra low-dose naltrexone/naloxone. References include the entire pool of publications, as
well as additional resources that were pertinent for this narrative review. As a rule of thumb, clinicians
have used naltrexone in doses ranging from 0.5 mg to 4.5 mg daily in order to label it as ‘low-dose’,
while less than a microgram per day doses have been considered ‘ultra low-dose’. The values in between
are considered as ‘very low-dose’. The article abided by the aforementioned terminology and was
written in a narrative manner that is intended to cover all relevant basic and clinical data on these topics.
The narrative review form was chosen in favor of a systematic review due to several reasons. As a first
comprehensive topical review of its kind, it is primarily a qualitative analysis, evaluating best evidence
available. Most studies would get excluded with specific systematic criteria and the quality of evidence
is mixed. This review should serve as a resource for future study designs and conducting research.

2. Pharmacological Properties

Naltrexone and naloxone are well-known opioid antagonists used in chronic or acute states
of abuse [6], respectively. Both have been experimentally used in low-range dosing with different
goals and patient populations in regard to their pharmacological properties. It primarily pertains
to naltrexone when dosing ranges are considered to be ‘low-dose’ and ‘very low-dose’, due to the
preferred oral route of administration in clinical settings. Regarding the expression ‘ultra low-dose’,
naltrexone and naloxone may be considered almost interchangeably due to a number of clinical
studies indicating the intravenous route when assessing ultra-low dosing range. For in vitro
experimental conditions, it has been shown that naloxone and naltrexone act in a most similar manner
regarding pharmacodynamics for the pertinent clinical effects that are at the center of this review [7,8].
The authors of this manuscript aimed to give a clear, independent, and current interpretation on the
topic, while potential or unavoidable biases are primarily a result of the scarcity of high-quality studies.

2.1. Standard Pharmacology of Naltrexone and Naloxone

Naltrexone or 17-(cyclopropylmethyl)-4,5-epoxy-3,14-dihydroxymorphinan-6-one is a non-selective
pure opioid antagonist with the highest affinity for μ-opioid receptors [6,9]. It is almost completely
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absorbed (96%), but its oral bioavailability ranges between 5% and 40% due to first-pass metabolism.
Naltrexone’s half-life is 4 h and it is a highly metabolized (>98%) drug—the major metabolite being
6-β-naltrexol with a half-life of 13 h and antagonist action on opioid receptors. Glomerular filtration is the
predominant mode of renal elimination for a small fraction of unmetabolized naltrexone, while 6-β-naltrexol
is additionally secreted.

Naloxone or 17-allyl-3,14-dihydroxy-4,5α-epoxymorphinan-6-one is a potent pure opioid receptor
antagonist [6,10]. It is usually administered as a parenteral injection, though an intranasal formulation
is also available [11]. Serum half-life ranges from 30 to 80 min. It is metabolized by the liver into
naloxone-3-glucuronide as the main metabolite. Excretion of metabolites is primarily through the
urine and up to 40% are eliminated in the first six hours after administration.

2.2. Mechanism of Action of Low-Dose Naltrexone

The clinical phase of LDN pharmacological research preceded the bench-scientific one, thus
theorizing on its exact mechanism of action has predominated until recently [12]. Naltrexone
expands the standard approach regarding a linear dose–effect curve. What is known as a
‘hormetic principle’, by which certain pharmacological or toxicological substances exert qualitatively
different pharmacodynamical effects in relation to the applied quantity, seems to address properties
of LDN in a more adequate manner [13]. It implies that naltrexone, having multiple dose-dependent
pharmacological targets with different respective effects, might be considered such a substance.

In discrete ‘low-doses’ ranging from 1 to 5 mg, naltrexone acts as a glial modulator [14,15].
It specifically binds to Toll-like receptor 4, where it acts as an antagonist [8,16,17]. Toll-like receptor
4 downstream cellular signaling includes myeloid differentiation primary response 88 (MyD88)
and toll-interleukin receptor (TIR)-domain-containing adapter-inducing interferon-β (TRIF) pathways,
both ultimately leading to inflammatory end-products such as interleukin (IL)-1, tumor necrosis factor
(TNF)-α, interferon-β, and nitric oxide [18]. Low-dose naltrexone disrupts the TRIF portion of the
signaling cascade which reduces TNF-α and interferon-β synthesis [8]. Consequently, activated
microglial cells expressing Toll-like receptor 4, otherwise a non-constitutive receptor, exert an
attenuated pro-inflammatory profile [16]. The span and importance of neuronal Toll-like receptor
4 signaling is still under debate with ex vivo [19] and in vitro [20] investigations emphasizing its role
in neuroinflammation, a role traditionally reserved for glia in the central nervous system (CNS) [21].
Hence the attribute ‘glial attenuator’ is occasionally used to describe LDN [15,22].

The ‘classical’ effect of naltrexone exerting opioid antagonism still abides by the traditional
dose–effect curve, yet at low-dose range this mechanism of action of the drug may seem less
important. On the contrary, instead of eliciting a permanent opioid receptor blockade by standard
dosing, the transient opioid receptor blockade ensuing from low-dose use upregulates opioid
signaling [12,23,24]. This opens the perspective of LDN as modulating tool of the neuroimmune
axis [25], which further intertwines with the neuroendocrine axis to form a crossroads between CNS
and rest of the body. The upregulation of the endogenous opioid system is evident in experimental
models by rising levels of endorphin and met-enkephalin, also known as opioid growth factor,
with concomitant respectively increased μ-opioid, δ-opioid, and ζ-opioid receptor expression, the latter
also termed opioid growth factor receptor [24,26–29].

The higher reactivity of immune cells and decreased growth of cancerous cells are both mediated
by transient increase in opioid growth factor signaling [23,24,30–32]. Permanent blockade of opioid
growth factor receptor leads to enhanced cellular growth, which is unwanted in case of tumors,
but has been experimentally used for wound or corneal abrasion healing (for a comprehensive
review on findings and mechanisms see [33]). Furthermore, upregulated endorphins may produce
neuropsychological benefits [34]. The potential theoretical benefits obtained by such net effects of
LDN led Dr. Panksepp, the founder of affective neuroscience, to propose it as an ‘enhancer of quality
of life’ [12]. A particular feature of stereoselectivity and LDN targets is noted. While classic opioid
receptors are selective for (−)-opioid-isomers, Toll-like receptor 4 is not [8]. By utilizing (+)-naltrexone
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or (+)-naloxone, opioid related signaling would not be affected and Toll-like receptor 4 would be
exclusively targeted. Theoretically, such stereoselective targeting would reduce the spectrum of drug
action that concerns endogenous opioid upregulation, but also enable a more specific assessment of a
particular mechanism of action in actual clinical setting.

2.3. Mechanism of Action of Ultra Low-Dose Naltrexone

Ultra low-dose naltrexone or naloxone (ULDN) pertains to a dosing range when less than 1 μg
quantities of drug are used. Its mechanism of action is related to a bimodal cellular response to opioids.
In addition to their inhibitory Gi-coupled response, opioids induce a concomitant and less overt
Gs-coupled stimulatory response [35]. The stimulatory response is acutely exclusive if small quantities
of opioid agonists are used, otherwise it increases steadily with chronic μ-opioid receptors stimulation.
The opioid receptor Gs-coupled response cascade has been associated with prolongation of action
potential, hyperalgesia, tolerance, and dependence. A crucial element mediating μ-opioid receptor
second messaging is the scaffolding protein filament called filamin-A (FLNA) [36,37]. Filamin-A
contains a high-affinity binding site for naloxone and naltrexone (3.94 pM). When such a binding
occurs, μ-opioid receptor Gs-coupling is attenuated and Gi-coupled response prevails. Thus, analgesic
effects of opioids are potentiated and unwanted consequences are mitigated. However, FLNA also
contains a low-affinity binding site for aforementioned opioid antagonists (834 pM). If both binding
sites are saturated, the favorable profile of μ-opioid receptor signaling is abolished. These affinity sites
dictate the span in which ULDN may be clinically relevant in boosting responses to μ-opioid receptor
agonism. Corresponding calculated drug concentration ranges are 1.3–272.9 pg/mL for naloxone and
1.4–284.7 pg/mL for naltrexone. The summary of clinical data on the use of ULDN is given further in
the article (see Section 4. Ultra low-dose naltrexone in clinical medicine).

2.4. Mechanism of Action of Very Low-Dose Naltrexone

There is no thorough pharmacological experimental study specifically evaluating pharmacodynamics
of very low-dose naltrexone (VLDN), besides some attempts in clinical setting discussed later in the article.
Due to its proximity to LDN dosing range, VLDN may have the properties and features quite similar to LDN.

3. Low-Dose Naltrexone in Clinical Medicine

Low-dose naltrexone has been shown to ameliorate and modify the course of various diseases
(Table 1). In regard to its multiple pharmacological targets and mechanisms of action, there is a
degree of complexity [8,21,33]. Clinical evidence covers a broad range of sources, from initial case
reports [38–40] to more recent randomized controlled trials [41,42]. Low-dose naltrexone could be useful
for states involving chronic inflammation or immune dysregulation [43], such as Crohn’s disease [44]
and fibromyalgia [41].

Table 1. Mechanisms of action and clinical use in regard to different doses of naltrexone used.

Dose Range Dose Specific Mechanism of Action Clinical Use

Standard
(50–100 mg) Opioid receptor antagonism Alcohol and opiate abuse

Low-dose
(1–5 mg)

Toll-like receptor 4 antagonism,
opioid growth factor antagonism

Fibromyalgia, multiple sclerosis, Crohn’s disease, cancer,
Hailey-Hailey disease, complex-regional pain syndrome

Very low-dose
(0.001–1 mg) Possibly same as low-dose Add-on to methadone detoxification taper

Ultra low-dose
(<0.001 mg)

Binding to high affinity filamin-A
(FLNA) site and reducingμ-opioid

receptor associated Gs-coupling
Potentiating opioid analgesia
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3.1. Multiple Sclerosis

The proposal for scientific investigation of LDN as a treatment for multiple sclerosis (MS) has been
presented as a medical hypothesis in 2005 [45]. Soon after, a multi-center open label pilot trial
involving 40 patients assessed the safety and tolerability of LDN in primary progressive MS for a
period of six months [46]. The drug was well tolerated, and a statistically significant decrease in
spasticity was noticed (secondary outcome). Levels of β-endorphins in patients’ peripheral blood
mononuclear cells increased concurrently with LDN administration, an in vivo proof of concept for
one of drug’s mechanism of action.

Later, a retrospective study evaluated 215 patients (87% relapsing-remitting MS, 10% secondary
progressive MS), who took LDN [47]. The mean disease duration was 10 years and median LDN
therapy period was 804 days. Despite an influence of recall bias, 77% of patients had no side effects
at any time under LDN. Six percent noted insomnia and five percent had nightmares. Sixty percent
of patients reported less fatigue while taking LDN and only four persons graded it oppositely. Three
quarters of patients endorsed an improvement in quality of life. Furthermore, a 17-week long [42]
and an 8-week long [48] randomized placebo-controlled trial determining effects of LDN on quality
of life in MS have been published prior to the aforementioned study. The former was comprised of
96 patients and no statistical difference was observed between the groups. The latter had 60 patients
who completed the trial and a significant improvement was noted for mental health components
estimating quality of life.

A retrospective study comparing standardized cohorts of LDN-only and LDN in combination
with glatiramer acetate users [49] found that there was no between-group difference in disease
progression per magnetic resonance imaging markers of inflammation. Half of the patients in both
cohorts had stable disease status over a ten-year period. The mean duration of disease was 14 years,
and the mean use of LDN as a therapy was three years. Such a period without adverse effects or
directly causing disease exacerbation corroborates safety of LDN when applied for MS. Additionally,
as determined per available historical laboratory test, LDN use in relapsing-remitting MS does not
alter any standard liver, kidney, or blood parameters. Commonality in all studies was the drug
being well tolerated and compatible with standard MS therapy (Table 2). Interestingly, the large scale
pharmacoepidemiological Norwegian study with a complete drug dispensing database has not found
any difference regarding standard therapy utilization among MS-affected patients who were provided
with LDN over a prospective two-year period [50].

Experimental studies in mice with induced autoimmune encephalomyelitis, a standard MS model,
demonstrated evidence of opioid growth factor signaling as a salient feature in pathophysiology of MS.
Prior to any clinical symptoms expected in mice, there was a reduction in circulating opioid growth
factor [51]. After introduction of LDN therapy, the values of opioid growth factor were restored.
Previous in vitro experiments reported that opioid growth factor or LDN may suppress proliferating B
and T cells [52,53], a feature with implications for autoimmune states. A recent experiment, based on
the aforementioned MS mouse model, demonstrated that opioid growth factor or LDN therapy
decreased levels of interferon-γ, TNF-α, and IL-10, but increased those of IL-6 [54]. This could possibly
help achieve a response state favoring a Th2 immune profile, otherwise considered to ameliorate
MS [54]. An earlier study in the same mouse model demonstrated benefits of opioid growth factor and
LDN in terms of halting disease progression, reversing neurological deficits, and considerably delaying
onset of neurological dysfunction [24]. Reduced serum opioid growth factor levels were also noticed
in humans affected by MS and likewise did LDN therapy revert the discrepancy. Such findings led
investigators to posit opioid growth factor as a possible biomarker in case of MS, besides recognizing
its therapeutic implications [51].
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Table 2. A summary of clinical experience on low-dose naltrexone (LDN) in multiple sclerosis per
peer-reviewed literature.

Disease Classification Type of Study
(Number of Subjects) Notable Outcomes Reference

Primary progressive
multiple sclerosis

Open-label uncontrolled
phase II (40)

• Safe and tolerable (primary outcome)
• Significantly reduced spasticity Gironi et al. [46]

Multiple sclerosis Randomized placebo-
controlled trial (60)

• Significant benefits for mental health
per quality of life indices Cree et al. [48]

Relapsing-remitting and
secondary progressive

multiple sclerosis

Randomized placebo-
controlled trial (96)

• No significant differences
in quality of life

Sharafaddinzadeh
et al. [42]

Relapsing-remitting and
secondary progressive

multiple sclerosis
Retrospective cohort (215)

• Majority reported improvement in
quality of life and reduced fatigue

• Well tolerated treatment with
insomnia and nightmares as adverse
effects in a minority of cases

Turel et al. [47]

Relapsing-remitting
multiple sclerosis Retrospective cohort (54)

• LDN as a single therapy did not result
in disease exacerbation Ludwig et al. [49]

Multiple sclerosis
Quasi-experimental

pharmacoepidemiological
cohort (341)

• Exposure to LDN did not reduce the
amount of disease modifying
therapies used

Raknes and
Småbrekke [50]

3.2. Complex Regional Pain Syndrome

The name complex regional pain syndrome (CRPS) reflects features of this condition and its
effective treatment is a clinical challenge. In addition to a standard pain management, LDN has
considerably improved symptoms in three patients [22,55]. The first two reported cases included
patients with longstanding (>3 years) intractable CRPS of multiple extremities severely affecting daily
activities including simple ones such as walking. Within a two-month period following the introduction
of LDN, both patients significantly reduced their use of ketamine for pain management and improved
clinically. In addition to objective and subjective reduction of CRPS symptomatology, the first patient
stopped using a walking cane, while the other underwent surgery of the CRPS-affected dystonic
foot without any postoperative disease exacerbation, ultimately achieving complete remission [22].
The latter result may be of particular interest since both trauma and surgery are common factors
involved in CRPS etiology and spreading A second case report presented a multi-morbid patient
suffering from Ehlers-Danlos syndrome, small-intestinal bacterial overgrowth, sleep apnea, and CRPS
of the right leg following cardiac catheterization [55]. After eight years of failed multi-modal pain
management for CRPS, LDN was introduced. In addition to concurrent treatments addressing other
diseases, the patient achieved remission on LDN.

3.3. Fibromyalgia

The first study evaluating LDN as an adjunct treatment in fibromyalgia was designed as single-blind
placebo-crossover pilot and comprised ten women suffering from the condition [56]. Two weeks of placebo
was followed by eight weeks of 4.5 mg LDN with subsequent two-week washout period. Daily symptom
severity scoring was performed as well as intermittent pain threshold tests. Following completion of the
trial, six patients were considered responders achieving a greater than 30% reduction in symptoms. Overall
cohort symptom reduction was 2.3% on placebo and 32.5% on LDN, as compared to baseline. Secondary
benefits reaching significance were reductions in daily pain, highest pain, fatigue, and stress. Higher initial
erythrocyte sedimentation rate was shown to be a predictor for response pointing to LDN as a tool to
address the inflammatory component in fibromyalgia. Later on, a randomized placebo controlled crossover
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double-blind study on the topic was run by the same research group [41]. The trial lasted 20 weeks,
including 12 weeks on LDN and four weeks on placebo. The primary outcome was measured by daily
assessment of symptoms. Twenty-eight patients managed to fulfill the required objectives for data analysis.
More than a half (57%), were considered responders per criteria used in the previous study. Patients’
satisfaction with life and mood was significantly better while taking LDN. Due to no reported side effects
in the pilot study, it was interesting that vivid dreams and headaches appeared more commonly while
taking LDN, even though the treatment was rated equally tolerable as placebo. These side effects were
minimized once the LDN dose was lowered to 3 mg per day. The most recent paper by the same group
evaluated changes in cytokine profile following LDN treatment [57]. It was a 10-week, single blind study
that included eight women in the final data analysis. The first two weeks were reserved for baseline studies,
while LDN was administered during rest of the period without placebo or control group, even though
the patients were told they could receive the former at any time. Outcomes have shown a significant
decrease in inflammatory cytokine levels, notably IL-6, TNF-α, transforming growth factor (TGF)-β, IL-17,
IL-1, IL-2, and interferon-α. Finally, a patient suffering from fibromyalgia who has been treated with
LDN demonstrated substantial subjective improvements during 27 weeks of constant follow-up visits [58].
In addition, an increase in cold pressor test from initial 7 s to 50 s at week 8 of LDN therapy was noted.
After week 27, the patient has been stable on LDN for at least six more months without any side effects.
Based on current data, further investigation of LDN in fibromyalgia is necessary.

3.4. Gastrointestinal Tract Diseases

The first application of LDN in gastrointestinal-related issues was in 2006, when an Israeli research
group presented a pilot study involving 42 patients suffering from irritable bowel syndrome (IBS) [59].
It was an open-label study where 0.5 mg LDN was given daily for 4 weeks. The drug was well tolerated
and more than 75% of patients were considered responders per a subjective scale measuring pain-free
days and symptom relief. Later on, a number of studies regarding inflammatory bowel disease (IBD)
were conducted (Table 3).

Table 3. A summary of clinical experience on low-dose naltrexone in Crohn’s disease per peer-
reviewed literature.

Type of Study
(Number of Subjects) Treatment Duration Notable Outcomes Reference

Open label prospective
(17 adult patients affected

by Crohn’s disease)

12 weeks + 4 weeks
follow-up

• Majority responded with a 70-point
decrease in Crohn’s disease activity index
(89%) and achieved remission (67%)

• Well tolerated, 7 patients reported
sleep disturbances

Smith et al. [38]

Pediatric case report
on Crohn’s disease (1)

4 weeks + 3 months
follow-up

• Patient achieved remission after failing
multiple standard regimens Shannon et al. [60]

Cochrane review of placebo-
controlled trials (34 adult and

12 pediatric patients
affected by Crohn’s disease)

12 weeks (adults) and
8 weeks (children)

• Drug was safe and tolerable
• Small sample precluded strong

conclusions, but LDN may provide
clinical benefits

Parker et al. [61]

Open label prospective
(19 adult patients affected

by Crohn’s disease and
28 by ulcerative colitis)

12 weeks

• Clinical improvement in majority (74.5%)
of patients who previously had intractable
disease, while some (25.5%)
achieved remission

• Drug was well tolerated and 4 patients
reported vivid dreams which resolved
upon morning drug administration
instead of bedtime

Lie et al. [44]

Quasi-experimental
pharmacoepidemiological

cohort of patients affected by
inflammatory bowel disease (582)

4 years
• LDN use was associated with significant

reduction in consumption of
anti-inflammatory medications in cohort

Raknes et al. [62]
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One of the earliest was an open label study involving 17 patients with histologically active disease
and Crohn’s disease activity index (CDAI) score of 220–450 [38]. Low-dose naltrexone was given
in a 4.5 mg daily dose over a period of 12 weeks. After the treatment, 89% of the patients were
deemed responders with a decrease in CDAI score by 70 points, while 67% achieved disease remission.
Quality of life significantly improved per monthly inflammatory bowel disease questionnaire and Short
Form-36 questionnaire, the effects lasting even four weeks post-LDN. Sleep disturbance was noted in
seven patients while on LDN, but the drug was well tolerated. These results prompted the use of LDN
in a pediatric patient with intractable active duodenal Crohn’s disease [60]. Symptoms improved four
weeks after LDN initiation and a control endoscopy with biopsy showed complete mucosal healing.
A Cochrane review, originally from 2014 [63] and updated in 2018 [61], evaluated LDN as a modality
for induction of Crohn’s disease remission. The total pool was 46 patients (12 pediatric), who were
enrolled in randomized placebo-controlled trials assessing LDN therapy against placebo over a period
of 12 weeks for an adult or eight weeks for a child. A significant 70-point decrease in CDAI score
has been endorsed by 83% of adult patients (risk ratio (RR) 2.22; 95% confidence interval (CI) 1.14 to
4.32). Moreover, endoscopic response was more common in the treatment group (RR 2.89; 95% CI 1.18
to 7.08), but no significant difference regarding remission was noted. A quarter of pediatric patients
treated with LDN achieved clinical remission (i.e., pediatric Crohn’s disease activity index score < 10),
while none did on the placebo. The drug was well tolerated and milder adverse effects such as sleep
disturbances, fatigue, nausea, or headache did not occur more common while taking LDN. Though
the quality of evidence was graded low, the review showed that LDN could potentially offer benefits
in active IBD.

The most recent clinical study assessing LDN in IBD was a prospective open-label trial involving
28 patients affected by Crohn’s disease and 19 by ulcerative colitis [44]. Patients with an intractable
active phase of IBD received 4.5 mg of LDN daily in addition to the standard treatment. Median
follow-up lasted for 3 months and 35 patients (74.5%), responded to therapy, that is, a decrease in
disease activity which lasted for at least a month was noted. Six patients achieved full clinical remission,
including five of them a complete endoscopic remission. Furthermore, adjunct in vitro/ex vivo
studies investigating effects of naltrexone on intestinal epithelial cells and organoids were performed.
Naltrexone significantly reduced endoplasmic reticulum (ER) stress in intestinal tissue organoids,
as well as in intestinal epithelial cell cultures exposed to bacteria and bacterial products such as
lipopolysaccharide. In a paired test involving epithelial cells obtained from patients before and after
LDN treatment, a significantly reduced amount of ER stress was noticed. When subjected to scratch
injury, HCT116 and CACO2 colonic epithelial cell cultures treated with naltrexone healed much faster
due to increased cellular migration. Though these findings point to a local anti-inflammatory response,
systemic levels of cytokines produced by intestinal cells, notably IL-8 and TNF-α, were unchanged in
patients on follow-up exams. Previous preclinical studies in murine IBD models demonstrated that
naltrexone treatment reduced the expression of proinflammatory cytokines such as IL-6 and IL-12 in
colonic cells, improved the histological features of colitis, decreased the systemic levels of C-reactive
protein and TNF-α, and reduced the severity of symptoms [64,65].

A Norwegian pharmacoepidemiological study extracting data from their complete national drug
dispensing database [62], assessed medication use in 582 patients affected by IBD who received at least
one LDN dose. The drug dispensing history of periods two years before and two years after the first
LDN dose was analyzed. There was a higher than 10% reduction of any other IBD-indicated drug use
in patient population collecting at least two doses of LDN. Following at least one LDN dose, there was
a 12–16.5% significant reduction in amionosalicylate use, the difference being in positive correlation
with the amount of LDN doses. For the group who obtained four or more LDN doses, there was a
significant reduction of intestinal corticosteroid use (−32.1%), and other systemic immunosuppressants
(−28.9%). Unfortunately, all the studies on the topic suffer from lack of stronger methods according to
evidence-based paradigms or from insufficient participants to yield statistically significant conclusions.
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3.7. Other Diseases or States

The first published randomized controlled trial on LDN was provided by a team of psychiatrists.
Following Dr. Panksepp’s postulate of autism as a state with excessive endogenous opioid signaling,
a randomized placebo-controlled trial including ten children affected by autism and treated with
0.5 mg LDN/kg/day was conducted [73]. Six children benefitted, three were deemed strong
responders, and analysis showed higher initial concentrations of vasopressin and serotonin in
that group. At the end of this two-month counterbalanced trial, serum β-endorphin levels of all
patients tended closely to control values, but this was not investigated further. A recent randomized
placebo-controlled trial evaluated 1 mg LDN, taken twice daily, as an add-on to dopaminergic
antidepressant treatments in 12 depressed patients during 3 weeks [74]. All outcome measures
showed more positive effects in the LDN-treated group. A marked benefit for mood and concentration
was observed per particularly significant difference in Montgomery–Åsberg Depression Rating Scale
(MADRS)-10 and MADRS-15 scores.

A case report based on three patients with longstanding systemic sclerosis-associated pruritus
unresponsive to antihistamines illustrated the benefits provided by LDN in such instances [75].
Daily LDN dose was titrated to 4.5 mg, while one patient opted for 2 mg as mainstay. All patients
reported baseline pruritus severity to be above 6 on a 1–10 scale. At a two-month follow-up evaluation,
two patients noted complete absence of pruritus and the third one had a severity score reduction of
six points.

Another case report demonstrated 4 mg LDN daily to effectively reduce an intractable pain due
to longstanding advanced bilateral lower limb diabetic neuropathy [76]. After treatment introduction,
the pain score was reduced from 90 to 5 on the 0–100 point visual-analog scale. Previous pain
management included multiple pain medications, invasive procedures and nutritional supplementation.

As an experimental treatment, 4.5 mg/day LDN was used in three patients with established
mesenteric panniculitis that lasted for at least a year prior to intervention [77]. At a 12-week follow-up
exam, two patients noted a significant improvement in domains of disease severity and quality of life
as measured by standardized tests.

In a patient affected by long-lasting intractable postural orthostatic tachycardia syndrome and
mast cell activation syndrome, LDN partially decreased the severity of these conditions and brought
subjective relief [78]. As part of a combination test drug used in a randomized placebo-controlled trial
recruiting Charcot-Marie Tooth disease type 1A-affected patients, 0.7 mg of LDN was administered
daily alongside sorbitol and baclofen [79]. The drug combination was named PTX3003 and has
been shown to significantly improve functional scores and slow disease progression over a period of
12 months. Specific effects of LDN in this study are indiscernible from the combined polypharmacy.

A paper suggesting LDN use in amyotrophic lateral sclerosis has been published with claims of
possible functional benefits to be obtained as revealed per incidental unofficial patient self-reports [79].
A postulate that LDN could enhance efficacy of acupuncture stands published for quite some time [80],
but no clinical experience on this bi-modal approach is available. Due to central involvement of the
neuroimmune axis in homeostasis, it is of no surprise that indications for LDN could encompass a
variety of pathologies.

4. Very Low-Dose Naltrexone in Clinical Medicine

Very low-dose naltrexone has been exclusively used by research groups under Dr. Mannelli’s
guidance. It is primarily used as an add-on to methadone detoxification regime in patients diagnosed
with substance abuse. Due to their hyposensitized opioidergic system, VLDN is a cautiously chosen
dose of naltrexone with usual daily dose being either 0.125 mg or 0.250 mg. In two randomized double
blind studies [81,82], in which opioid-dependent patients were enrolled for a six-day methadone taper
plus a placebo or VLDN, it was demonstrated that the active treatment, either 0.125 mg or 0.250 mg
VLDN daily, brought significant benefits in terms of attenuated withdrawal symptoms, reduced
craving, and increased engagement in outpatient treatment at first week follow-up. In a same-fashioned
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3.7. Other Diseases or States

The first published randomized controlled trial on LDN was provided by a team of psychiatrists.
Following Dr. Panksepp’s postulate of autism as a state with excessive endogenous opioid signaling,
a randomized placebo-controlled trial including ten children affected by autism and treated with
0.5 mg LDN/kg/day was conducted [73]. Six children benefitted, three were deemed strong
responders, and analysis showed higher initial concentrations of vasopressin and serotonin in
that group. At the end of this two-month counterbalanced trial, serum β-endorphin levels of all
patients tended closely to control values, but this was not investigated further. A recent randomized
placebo-controlled trial evaluated 1 mg LDN, taken twice daily, as an add-on to dopaminergic
antidepressant treatments in 12 depressed patients during 3 weeks [74]. All outcome measures
showed more positive effects in the LDN-treated group. A marked benefit for mood and concentration
was observed per particularly significant difference in Montgomery–Åsberg Depression Rating Scale
(MADRS)-10 and MADRS-15 scores.

A case report based on three patients with longstanding systemic sclerosis-associated pruritus
unresponsive to antihistamines illustrated the benefits provided by LDN in such instances [75].
Daily LDN dose was titrated to 4.5 mg, while one patient opted for 2 mg as mainstay. All patients
reported baseline pruritus severity to be above 6 on a 1–10 scale. At a two-month follow-up evaluation,
two patients noted complete absence of pruritus and the third one had a severity score reduction of
six points.

Another case report demonstrated 4 mg LDN daily to effectively reduce an intractable pain due
to longstanding advanced bilateral lower limb diabetic neuropathy [76]. After treatment introduction,
the pain score was reduced from 90 to 5 on the 0–100 point visual-analog scale. Previous pain
management included multiple pain medications, invasive procedures and nutritional supplementation.

As an experimental treatment, 4.5 mg/day LDN was used in three patients with established
mesenteric panniculitis that lasted for at least a year prior to intervention [77]. At a 12-week follow-up
exam, two patients noted a significant improvement in domains of disease severity and quality of life
as measured by standardized tests.

In a patient affected by long-lasting intractable postural orthostatic tachycardia syndrome and
mast cell activation syndrome, LDN partially decreased the severity of these conditions and brought
subjective relief [78]. As part of a combination test drug used in a randomized placebo-controlled trial
recruiting Charcot-Marie Tooth disease type 1A-affected patients, 0.7 mg of LDN was administered
daily alongside sorbitol and baclofen [79]. The drug combination was named PTX3003 and has
been shown to significantly improve functional scores and slow disease progression over a period of
12 months. Specific effects of LDN in this study are indiscernible from the combined polypharmacy.

A paper suggesting LDN use in amyotrophic lateral sclerosis has been published with claims of
possible functional benefits to be obtained as revealed per incidental unofficial patient self-reports [79].
A postulate that LDN could enhance efficacy of acupuncture stands published for quite some time [80],
but no clinical experience on this bi-modal approach is available. Due to central involvement of the
neuroimmune axis in homeostasis, it is of no surprise that indications for LDN could encompass a
variety of pathologies.

4. Very Low-Dose Naltrexone in Clinical Medicine

Very low-dose naltrexone has been exclusively used by research groups under Dr. Mannelli’s
guidance. It is primarily used as an add-on to methadone detoxification regime in patients diagnosed
with substance abuse. Due to their hyposensitized opioidergic system, VLDN is a cautiously chosen
dose of naltrexone with usual daily dose being either 0.125 mg or 0.250 mg. In two randomized double
blind studies [81,82], in which opioid-dependent patients were enrolled for a six-day methadone taper
plus a placebo or VLDN, it was demonstrated that the active treatment, either 0.125 mg or 0.250 mg
VLDN daily, brought significant benefits in terms of attenuated withdrawal symptoms, reduced
craving, and increased engagement in outpatient treatment at first week follow-up. In a same-fashioned
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study design enrolling 174 patients of whom 85 completed the trial, VLDN was compared to low-dose
clonidine and placebo. The VLDN-receiving group showed significantly less withdrawal symptoms
compared to placebo and clonidine groups, respectively [83]. Likewise, an additional study with the
repeated design and 174 patients, which tracked smoking behavior as an extra outcome, concluded
that VLDN eased withdrawal symptoms related to detoxification and in combination with low-dose
clonidine significantly reduced craving for cigarettes [84]. A previous identically designed study run
by the same group and for which 174 opioid-dependent alcoholic patients were recruited [84], showed
that VLDN significantly helped with withdrawal symptoms, adherence to treatment, and reducing
alcohol intake, as reported per sixth day status post-detoxification completion. In a different trial
completed by 14 patients [85], VLDN was given in incremental fashion over a seven-day period
with concurrent three-day buprenorphine taper in order to prepare subjects for administration of
intramuscular extended release 360 mg naltrexone. Use of drugs was reduced from 67% on the first
day to 36% on the injection day, while opioid positive samples excluding buprenorphine, have reduced
from 23.8% to 14.1%. As part of a detoxification treatment, VLDN was well tolerated throughout
presented studies and there were no adverse effects reported that would otherwise be specifically
linked to its. Due to limited follow-up information, it is impossible to determine the effects of VLDN
for a period longer than one week. It remains to be examined if this particular patient group might
benefit from continuous VLDN therapy, or even LDN. Vice-versa, patients without substance abuse
history, but who are experiencing adverse effects with LDN, could possibly benefit from lower doses
that would qualify as VLDN.

5. Ultra Low-Dose Naltrexone in Clinical Medicine

One of the first clinical reports on ULDN was when a patient suffering from terminal stage of
cancer and severe intractable cholestasis pruritus, functionally improved upon introduction of 0.2 mg
naloxone in a 24 h-continuous intravenous infusion, her pruritus score dropping from 9/10 to 0–2/10.
The ULDN infusion did not reduce her concurrent buprenorphine-based analgesia and even improved
her mental condition impacted by high opioid dose [40].

In contrast to an impromptu use of ULDN, larger-scale clinical trials with an opioid and ULDN
combination were conducted as continuous phases of drug development and translation of preclinical
research (mentioned earlier in Section 2.3). A combination of oxycodone and 2 μg or 4 μg daily
naltrexone has been tested respectively against placebo and oxycodone as part of a randomized
controlled blinded trial involving 719 patients affected by low back pain [86]. After an initial titration
period in order to achieve tolerable and adequate pain control by not exceeding 80 mg/day of
oxycodone, there was a 12-week active study period with an additional four days post-study assessing
symptoms of opioid withdrawal. The final analysis included 360 patients. All treated groups had
significant pain relief compared to placebo, but oxycodone with 2 μg naltrexone daily proved to be
the best modality of the available study treatments. Patients receiving that combination reported
significantly fewer opioid-related adverse effects such as constipation, somnolence, and pruritus.
The same group had the fewest percentage of patients affected by opioid-withdrawal effects following
active treatment cessation. The patient groups receiving any combination with naltrexone had a
significant 12% lower daily opioid consumption compared to oxycodone group (34.5 mg or 34.7 mg
vs. 39 mg). Unfortunately, a high dropout rate calls for serious caution when interpreting clinical
significance of such an intervention [87]. The same research group ran a similar clinical trial assessing
opioid in combination with ULDN for osteoarthritic pain. Despite encouraging phase II results,
there were high dropout rates in subsequent phase whereby no valid results could be obtained [88].
Both types of pain used in the studies might not have been the ideal to test the drug combination, as
more recent evidence would not support the choice of opioid therapy in such cases [89].

There is some reliable data coming from surgical setting, where ULDN was added to bolster acute
responses to opioids (Table 4). A randomized placebo-controlled trial comprised of 80 patients
who underwent lumbar discectomy procedure, assessed the effects of ULDN added to patient
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controlled postoperative analgesia [90]. Naloxone was given in a continuous infusion at a rate of
0.25 μg/kg/h. It was shown that the ULDN group had statistically significant faster pain relief and
initially less reported nausea or pruritus, although both groups had very similar end-point values.
Median morphine consumption for the same group was 26 mg, whereas it was 34 mg in the placebo
group. Another randomized double blind placebo-controlled trial examined the effects of ULDN
given from the beginning of anesthesia until 72 h post open-colorectal surgery [91]. There were
72 patients who were allocated to sevoflurane anesthesia combined with lower dose remifentanil,
higher dose remifentanil, or higher dose remifentanil with ULDN, respectively. The analysis showed
that the ULDN group of patients exhibited significantly faster bowel function recovery and a lower
median hospital stay. Cumulative post-operative morphine use was similar in ULDN and lower dosed
remifentanil groups, which significantly differed from a higher dosed remifentanil group, whose total
post-operative opioid consumption was almost twice as high.

Table 4. A summary of clinical experience on ultra low-dose naloxone/naltrexone per peer-
reviewed literature.

Syndrome/Model Type of Study
(Number of Subjects) Notable Outcomes Reference

Cholestasis pruritus Case report
(1)

• Reduction of pruritus and improved
mental status despite concurrent
opioid therapy

Zylicz et al. [40]

Osteoarthritis
Phase II randomized

controlled trial
(362)

• Adding 2 μg of naltrexone to
concurrent opioid therapy provides
greater analgesia

• High dropout rate due to opioid
side effects

Chindalore et al. [88]

Low back pain
Phase III randomized

controlled trial
(719)

• Adding 2 μg of naltrexone to opioid
therapy provides a more favorable
response and reduces side effects

• High dropout rate precluded
further application

Webster et al. [86]

Axillary brachial
plexus blockade

Randomized
controlled trial

(112)

• Onset of time for motor and sensory
blockade were longer with additional
100 ng of naloxone

• Added naloxone prolongs motor
blockade and analgesia

Movafegh et al. [92]

Buprenorphine
antinociception in
healthy subjects

Double-blind
crossover trial

(10)

• Applying buprenorphine with
naloxone in 166:1 ratio boosts
tolerance to cold pressor test

Hay et al. [93]

Postoperative pain
control following
colorectal surgery

Randomized
controlled trial

(72)

• Adding 0.25 μg/kg/h of naloxone
during surgery and postoperative
period lowered opioid consumption,
shortened length of stay, and hastened
bowel function recovery

Xiao et al. [91]

Postoperative pain
control following

lumbar discectomy

Randomized
controlled trial

(80)

• Adding 0.25 μg/kg/h of naloxone
during first 24 h postoperative period
reduced opioid consumption and
side effects

Firouzian et al. [90]

The clinical properties of ULDN were also tested for axillary brachial plexus blockade, where
it was added to drugs used for regional anesthesia [92]. In this randomized double-blind study,
112 patients who underwent elective forearm surgery received either placebo or 100 ng of naloxone
in combination with lidocaine and/or fentanyl. Groups receiving ULDN with or without fentanyl
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had a significantly and relevantly longer duration of motor and sensory block periods, though time
of onset for these blocks was also prolonged for 5–7 min. Thereafter, postoperative pain appeared
significantly later in ULDN groups. An interesting double-blind study assessed analgesic properties of
buprenorphine combined with ULDN in various relative ratios (1:100, 1:133, 1:166, 1:200, respectively),
by testing ten healthy subjects undergoing cold-pressor test [93]. Buprenorphine was given orally at a
dose 0.5 μg/kg. All combinations provided an increase compared to baseline, but 1:166 combination
was statistically significant with most effective peak mean increase of 30.9%.

The development of experimentally designed drug PTI-609 as a μ-opioid receptor activator
with concurrent property of selectively binding only the high-affinity FLNA site could overcome the
difficulties of titrating the dose when aiming for the ULDN effect [37]. It has shown promising efficacy
in preclinical models. Currently designed opioid agonist/antagonist combinations with the aim of
reducing peripheral adverse effects, might sometimes inadvertently cause ULDN beneficial effects [94].

6. Safety and Side Effects

Available pharmacological information describing the safety profile of naltrexone [9] reveal that
except for precipitating withdrawal in opioid abuse the only major concern was hepatocellular injury
ensuing from 300 mg daily administered dose. The usual daily 50–100 mg naltrexone therapy is
considered fully safe for humans with minor behavioral side effects not entirely caused by the therapy
itself, but rather due to the patient population having an underlying pathophysiological background
of alcohol or opioid abuse. Due to naloxone having poor oral bioavailability, systemic adverse
effects following this route of administration are minimal. Improper parenteral administration could
potentially lead to side effects [10], but in a real-case scenario the drug is usually administered under
professional medical care. In regard to LDN, data on actual side-effects linked to the drug is still scarce.
Conducted clinical trials indicate that vivid dreaming and insomnia might occur following treatment
initiation, but that this might be addressed by changing the drug taking timing from usual bedtime
to morning hours or these sleep disturbances resolve on their own with ongoing therapy [14,44].
Any side-effects making the therapy intolerable might happen on individual basis, for example, a case
of immune-related thrombocytopenia possibly related to LDN therapy as an idiosyncratic reaction
in a patient affected by MS [95]. Low-dose naltrexone, VLDN, and ULDN are all tolerable according
to present studies in humans, even with concurrent opioid therapy. In the latter case, a precipitated
opioid withdrawal could be managed by lowering the dose, as experience with VLDN demonstrates.
In case of immunosuppression, for example, recipients of donor organs, it remains to be investigated if
LDN-related immune modulation might cause adverse effects.

7. Conclusions and Future Directions

Proper clinical trials are needed in order to establish evidence that could lead to correct indications,
mode of administration, and other aspects necessary for effective clinical pharmacology of LDN, VLDN,
and ULDN. Since these modalities possess a limited commercial attractiveness for industry, executing
strongly designed studies is an arduous process. Cancer research based on sound preclinical evidence
regarding roles of LDN in opioid growth factor signaling might possibly be of specific public health
interest. Moreover, developing LDN, VLDN, or ULDN as parts of multimodal treatment combinations
might also entice researchers and developers to bring these respective drug properties to a clinical
setting. Based on current reports of numerous benefits and an excellent safety profile, clinical use of
LDN may be seen as a reasonable option in patients with fibromyalgia or IBD. In a hospital setting,
ULDN could be investigated further as an additional option to increase postoperative analgesia or
to reduce opioid-related side effects. New clinical applications are possible, given that LDN may be
considered for sublingual, cream, or spray forms. Smart-drug design is also an option, for example,
the case of PTI-609. A recent review evaluating LDN in pain-related syndromes concluded that even
though a potential exists, current evidence is limited [96]. The enormous number of patients taking
it as an alternative treatment prompts the biomedical community to engage and investigate these
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modalities in order to scrutinize ‘the potential’ and actually determine whether or not any clinically
valid tools actually exist.

Author Contributions: Both authors contributed equally to this article.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sudakin, D. Naltrexone: Not Just for Opioids Anymore. J. Med. Toxicol. 2016, 12, 71–75. [CrossRef] [PubMed]
2. Bihari, B. Low-dose naltrexone for normalizing immune system function. Altern. Ther. Health Med. 2013,

19, 56–65. [PubMed]
3. Google Search of “Low-Dose Naltrexone” on March 7th 2018. Available online: www.google.com

(accessed on 7 March 2018).
4. CFS Pharmacy Shop 2018. Available online: https://www.cfspharmacy.pharmacy/human-medicine/

naltrexone-low-dose-compounded (accessed on 9 March 2018).
5. Raknes, G.; Småbrekke, L. A sudden and unprecedented increase in low dose naltrexone (LDN) prescribing

in Norway. Patient and prescriber characteristics, and dispense patterns. A drug utilization cohort study.
Pharmacoepidemiol. Drug Saf. 2017, 26, 136–142. [CrossRef] [PubMed]

6. Schumacher, M.; Basbaum, A.; Ramana, N. Opioid Agonists & Antagonists. In Basic & Clinical Pharmacology
& Toxicology, 13th ed.; Katzung, B., Trevor, A., Eds.; Wiley: Hoboken, NJ, USA, 2014; p. 531.

7. Burns, L.; Wang, H.Y. Ultra-low-dose naloxone or naltrexone to improve opioid analgesia: The history,
the mystery and a novel approach. Clin. Med. Insights Ther. 2010, 2, 857–868. [CrossRef]

8. Wang, X.; Zhang, Y.; Peng, Y.; Hutchinson, M.R.; Rice, K.C.; Yin, H.; Watkins, L.R. Pharmacological
characterization of the opioid inactive isomers (+)-naltrexone and (+)-naloxone as antagonists of toll-like
receptor 4. Br. J. Pharmacol. 2016, 173, 856–869. [CrossRef] [PubMed]

9. Center for Substance Abuse Treatment (CSAT). Chapter 4—Oral Naltrexone. Inc. Alcohol Pharmacother. Into Med.
Pract. (Treatment Improv. Protoc. Ser. No. 49); Substance Abuse and Mental Health Services Administration
(US): Rockville, MD, USA, 2009; p. 30.

10. Hospira Inc. Naloxone Prescribing Information 2018; Hospira Inc.: Lake Forest, IL, USA, 2018.
11. Robinson, A.; Wermeling, D.P. Intranasal naloxone administration for treatment of opioid overdose. Am. J.

Heal. Pharm. 2014, 71, 2129–2135. [CrossRef] [PubMed]
12. Brown, N.; Panksepp, J. Low-dose naltrexone for disease prevention and quality of life. Med. Hypotheses

2009, 72, 333–337. [CrossRef] [PubMed]
13. Calabrese, E.J. Hormetic mechanisms. Crit. Rev. Toxicol. 2013, 43, 580–606. [CrossRef] [PubMed]
14. Younger, J.; Parkitny, L.; McLain, D. The use of low-dose naltrexone (LDN) as a novel anti-inflammatory

treatment for chronic pain. Clin. Rheumatol. 2014, 33, 451–459. [CrossRef] [PubMed]
15. Agarwal, D.; Toljan, K.; Qureshi, H.; Vrooman, B. Therapeutic value of naltrexone as a glial modulator. Glia

2017, 65, E103–E578. [CrossRef]
16. Selfridge, B.R.; Wang, X.; Zhang, Y.; Yin, H.; Grace, P.M.; Watkins, L.R.; Ionescu, D.F.; Alpert, J.E.; Soskin, D.P.;

Fava, M. Structure–Activity Relationships of (+)-Naltrexone-Inspired Toll-like Receptor 4 (TLR4) Antagonists.
J. Med. Chem. 2015, 58, 5038–5052. [CrossRef] [PubMed]

17. Hutchinson, M.R.; Zhang, Y.; Brown, K.; Coats, B.D.; Shridhar, M.; Sholar, P.W.; Patel, S.J.; Crysdale, N.Y.;
Harrison, J.A.; Maier, S.F.; et al. Non-stereoselective reversal of neuropathic pain by naloxone and naltrexone:
Involvement of toll-like receptor 4 (TLR4). Eur. J. Neurosci. 2008, 28, 20–29. [CrossRef] [PubMed]

18. Okun, E.; Griffioen, K.J.; Mattson, M.P. Toll-like receptor signaling in neural plasticity and disease.
Trends Neurosci. 2011, 34, 269–281. [CrossRef] [PubMed]

19. Wadachi, R.; Hargreaves, K.M. Trigeminal nociceptors express TLR-4 and CD14: A mechanism for pain due
to infection. J. Dent. Res. 2006, 85, 49–53. [CrossRef] [PubMed]

20. Leow-Dyke, S.; Allen, C.; Denes, A.; Nilsson, O.; Maysami, S.; Bowie, A.G.; Rothwell, N.J.; Pinteaux, E.
Neuronal toll-like receptor 4 signaling induces brain endothelial activation and neutrophil transmigration
in vitro. J. Neuroinflamm. 2012, 9, 1. [CrossRef] [PubMed]



Med. Sci. 2018, 6, 82 15 of 18

21. Lehnardt, S. Innate immunity and neuroinflammation in the CNS: The role of microglia in toll-like
receptor-mediated neuronal injury. Glia 2010, 58, 253–263. [CrossRef] [PubMed]

22. Chopra, P.; Cooper, M.S. Treatment of complex regional pain syndrome (CRPS) using low dose naltrexone
(LDN). J. Neuroimmune Pharmacol. 2013, 8, 470–476. [CrossRef] [PubMed]
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A B S T R A C T

Naltrexone, a non-selective antagonist of opioid receptors, is mainly used as rehabilitation therapy for dis-
charged opiate addicts to eliminate addiction in order to maintain a normal life and prevent or reduce relapse. In
recent years, there have been some novel and significant findings on the off-label usage of naltrexone. Within a
specific dosage window, LDN can act as an immunomodulator in multiple autoimmune diseases and malignant
tumors as well as alleviate the symptoms of some mental disorders. The results of increasing studies indicate that
LDN exerts its immunoregulatory activity by binding to opioid receptors in or on immune cells and tumor cells.
These new discoveries indicate that LDN may become a promising immunomodulatory agent in the therapy for
cancer and many immune-related diseases. In this article, we review the pharmacological functions and me-
chanisms of LDN as well as its clinical therapeutic potential as revealed by our team and other researchers.

1. Introduction

Opioid receptors are groups of receptors (μ-, κ-, δ- and ζ-opioid re-
ceptors) that are widely distributed in nerve cells of the brain, the
spinal cord and the digestive tract. The main function of ζ-receptors is
related to growth and development. Thus, the ζ-receptor is also called
the opioid growth factor receptor (OGFr). OGFr also expresses in or on
the immune cells, which indicates that agonists and antagonists of OGFr
can play immunoregulatory roles.

Naltrexone is a type of general antagonist of opioid receptors [1]. It
has a strong blocking effect on OGFr [2]. It can be used for drug
withdrawal and prevention of relapse at the label dosage of 50mg/day.
Currently, naltrexone has been used to treat chronic pain syndrome and
autoimmune diseases at a dose of 5mg/day, which commonly is re-
ferred to as LDN [3].

Many studies mainly focused on the traditional pharmacological
effects of LDN on substance abuse and addiction disorder which
achieved some success. LDN could relieve the symptoms of physical
dependence [4–10], reduce withdrawal symptoms [11,12], and prevent

drug-addict relapse after detoxification [13,14] as well as provide
supportive therapy for heavy alcohol and tobacco dependence [15–17].
However, the immunoregulatory activity of LDN should not be ne-
glected. In 1983, an article in Science first reported [18] that LDN in-
termittently blocked OGFr and significantly inhibited the growth of
neuroblastoma in tumor-bearing mice. In the past three decades, the
immunoregulatory actions of LDN have attracted more attention, and
increasing trials and experiments are still ongoing.

Previous articles published by our research team indicate that LDN
could modulate the function of immune cells such as bone marrow
dendritic cells (BMDCs) and macrophages [19,20]. On the basis of its
immunomodulatory and anticancer properties, our team has already
applied the combination of LDN and methionine enkephalin (MENK,
also called OGF) as a novel antitumor agent [21]. In this article, we
summarize the work of our laboratory, other researchers and physi-
cians. Our work intends to provide a comprehensive summary of LDN's
pharmacological functions, especially in anti-inflammation and im-
munoregulation, and its potential for immune-related disease and
cancer therapy.
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2. Pharmacological functions and potential mechanisms

2.1. OGF-OGFr axis

In 1987, Zagon and MeLaughlin [22] found that the OGF-OGFr axis
is made up of OGF and its specific receptor in the developing rat brain
and a neuroblastoma cell line. In physiological conditions such as de-
veloping brain and cerebellum [23] and in the cornea [24], the binding
of OGF-OGFr has been recorded by immunoelectron microscopy and
confocal microscopy, which plays an important role in supporting
growth and development of tissues and organs. OGF and naltrexone can
promote cell proliferation and wound healing.

However, many physical diseases, including multiple sclerosis,
Crohn's disease, diabetes, and cancer, as well as mental disorders are
related to OGF-OGFr axis dysregulation. For instance, the existence of
the OGF-OGFr axis has been confirmed in many malignant tumor cells
[25,26]. In vitro studies, OGF could significantly inhibit cell replication
of squamous cell carcinoma of the head and neck (SCCHN) via the
mechanism of receptor mediation [27]. As an antagonist of OGFr, LDN
has been found that could regulate tumor cell proliferation through the
OGF-OGFr axis in recent studies [2,28].

Evidence suggested that the effect on cell growth is mediated by
OGFr and is seem to be associated with dose but actually related to
duration of action [29]. It is observed that LDN lead to inhibitory
growth of tumor growth, while HDN lead to accelerated tumor growth
and somatic cell development. As shown in Fig. 1, continuous blockage
by label-usage naltrexone can promote cell proliferation, while inter-
mittent blockage by LDN can inhibit cell proliferation, which plays a
therapeutic role in cancers and autoimmune diseases. During the
window period of intermittent blockage caused by LDN, endogenous
opioids and their receptors were compensatory up-regulated. Therefore,
the availability of receptors can be enhanced after the blocking of the
intermittent antagonist, and the receptor availability was inhibited
after continued blockage. Treatment with LDN upregulates the ex-
pression of OGF and OGFr in SKOV-3 cells [30], LDN can reverse the
altered homeostasis by exerting a partial inverse agonist effect. More-
over, LDN or OGF treatment cannot produce inhibition of cell pro-
liferation in OGFr-knockdown SKOV-3 cells [31]. The effects of LDN on
cell proliferation and synthesis of DNA may relate to the p16 and/or the
p21 cell cycle-dependent inhibitory protein kinase [26,30,32].

2.2. Directly as an immunomodulating agent

Naltrexone, as a non-selective opioid receptor antagonist, can block
the binding of endogenous opioids and opioid receptors. The mechan-
istic pathways of LDN are still unclear. Some studies indicate that LDN
works as an immunomodulating agent by directly bind on the OGFr
within immune cells [33,34]. Additionally, evidences suggest that
naltrexone acts on the body through at least two different receptor
mechanisms. Microglia are considered as resident macrophage of the
CNS, which are activated by various triggers. In addition to the

antagonism of mu-opioids and other opioid receptors, naltrexone si-
multaneously blocked non-opioid receptors such as TLR-4 in macro-
phages and microglia [35–37]. LDN is thought to exert its anti-in-
flammatory effects through non-opioid antagonist pathways.

2.3. Elevate endogenous opioids and inhibit proliferation of T and B
lymphocytes

Zagon and colleagues found that LDN short-term effects could
produce upregulation of opioid receptors. By increasing the production
of endogenous opioids, LDN could inhibit the proliferation of B lym-
phocytes [38], T lymphocytes [39] and the corresponding immune re-
sponses. Bihari and colleagues [40] first used LDN to treat acquired
immune deficiency syndrome (AIDS) patients in 1995. The number of T
cells in people with AIDS did not decrease after using LDN, and their
pathologically elevated level of acid-labile alpha interferon was re-
duced. LDN can increase the level of β-endorphin in vivo and stabilize
the number of T cells in HIV-infected individuals [41]. The results in-
dicated that LDN could reduce opportunistic infections and increase the
survival rate of AIDS patients. OGF and LDN had no significant effect on
the number of central nervous system (CNS) mononuclear infiltrates in
the established experimental autoimmune encephalomyelitis (EAE)
model [42], but both could limit the number of CD3+/CD4+ T cells in
the lumbar spinal cord. Another study reported that LDN reduced the
proliferation rate of activated T cells in EAE mouse models [43].

2.4. Influence cytokine production

The results of a study from our laboratory [20] revealed that LDN
could enhance the phagocytic ability of macrophages by influencing
surface marker expression and secretion of various cytokines. In addi-
tion, our laboratory explored the effect of LDN on BMDC maturation,
which revealed that LDN increased the concentration of interleukin
(IL)-2 and induced the secretion of tumor necrosis factor (TNF)-α [19].
At the same time, LDN could improve the expression of MHCII, CD40,
CD83, CD80 and CD86 molecules on the surface of BMDCs.

2.5. Other potential mechanisms

The mechanism of LDN is not fully understood. Because opioid re-
ceptors are widely distributed in many kinds of immune cells, research
on the effects of different concentrations of naltrexone on immune cells
is necessary. Recent studies have shown that 10−4 mol/L naltrexone
has a suppressing effect on the proliferation of lymphocytes by blocking
μ-opioid receptors and increasing the expression level of TLR-4 [44].
Additionally, increasing studies suggested that LDN may work not only
through the OGF-OGFr axis [26,32,38,42,45] or through immune-re-
lated signaling such as the Toll-like receptor 4 (TLR-4) pathway
[36,44,46]. LDN can also downregulate the expression of pro-apoptotic
proteins by activating apoptotic pathways [47]. It relieves the neuro-
toxicity of glutamate on nerve cells by inhibiting inducible nitric oxide

Fig. 1. The effect of HDN and LDN on OGF-OGFr axis.

Z. Li et al.



synthase (iNOS) activity [48] and reducing inflammation [49].

3. LDN and autoimmune-related disease

In the 1980s, LDN was found to have immunomodulatory and
therapeutic effects. Recent studies confirmed previous reports and
suggested that LDN played a significant role in the treatment and
control of a variety of autoimmune diseases.

3.1. LDN and multiple sclerosis

Ten years ago, LDN was first used spontaneously by MS patients
worldwide, with substantial results before medical institutions con-
ducted rigorous clinical trials [49]. LDN can not only prevent the re-
currence of MS but also reduce the progression of the disease [50]. A
series of trials [51–54] of patients diagnosed with MS (relapsing-re-
mitting and secondary progressive MS, primary progressive MS) have
shown that LDN is well tolerated and does not cause adverse reactions
while significantly improving the patient's quality of life and mental
health. Similar results had been acquired in the animal model of EAE
[55,56] and MS patients [57]. These data suggested that LDN, as a safe,
non-toxic and inexpensive biotherapeutic, does not lead to further de-
terioration of the disease symptoms [58].

3.2. LDN and inflammatory bowel disorders

An open-label prospective trial conducted by Zagon and colleagues
[59] first investigated the safety and efficacy of LDN in patients with
active Crohn's disease (CD). The CD activity index scores were sig-
nificantly decreased, and quality of life surveys were improved after
LDN treatment. A series of studies [60,61] found that LDN was well
tolerated and might reduce disease activity. In addition, LDN was able
to treat CD and mesentery panniculitis with little or no adverse reac-
tions [62,63].

LDN could regulate inflammatory cytokine production by influen-
cing the level of endogenous opioid peptides in the body [64]. Treat-
ment with sulfasalazine, LDN or a combination significantly improved
the measured parameters, including serum levels of TNF-α and C-re-
active protein, disease activity index and macroscopic and microscopic
pathological scores compared with those of the enteritis group. Ploesser
and colleagues [65] reviewed the therapeutic effects and side effects of
LDN therapy in 206 patients with a variety of gastrointestinal disorders,
including either irritable bowel syndrome, chronic idiopathic con-
stipation, or inflammatory bowel disease. The use of LDN had side ef-
fects including neurological complaints such as anxiety, drowsiness,
headache, dizziness, insomnia, muscle pain, vivid dreams, mood
change and trouble concentrating, gastrointestinal reactions such as
nausea, abdominal pain, diarrhea and anorexia, which were tolerable in
most cases. In addition, intravenous LDN administration effectively
reversed chronic opioid-induced constipation and transit changes [66],
which indicated that LDN was beneficial to the management of opioid-
induced gut motility disorder in chronic pain patients.

3.3. LDN and fibromyalgia

In single-blind crossover experiments on several female fi-
bromyalgia patients, LDN was found to significantly relieve pain in
more than half of the patients [67,68]. Some scholars [69] have sug-
gested that, if fibromyalgia is an endocrine deficiency disease, LDN may
be an effective drug for the treatment of the disease. Subsequent studies
found that LDN had a glial cell modulator effect and thereby improved
the patient's fibromyalgia symptoms [35]. In addition, some scholars
proposed that the dynamic prediction model should be used to for-
mulate the optimal dose curve for patients with chronic fibromyalgia
through the engineering control to achieve personalized treatment of
patients with LDN, reduce costs and improve efficacy [70].

LDN was found to improve fibromyalgia and prolong pain tolerance
[71], which was thought to work through modulation of inflammatory
mediator concentrations in plasma [72]. Although increasing numbers
of fibromyalgia patients have used off-label LDN as a potentially useful
drug, resulting in a rebound of endorphin function to attenuate the pain
of the disease, further controlled trials are needed to verify this ob-
servation before LDN is recommended as first-line therapy [73,74].

3.4. LDN and type I diabetes

Insulin-dependent diabetes mellitus (IDDM) (also called type 1
diabetes) is an autoimmune disease characterized by inflammation of
pancreatic islets and destruction of β cells by the immune system, in
which patients have an absolute lack of insulin and a variety of com-
plications such as dry eye and corneal disease. LDN could maintain a
short period of tear secretion in dry-eye rats and could restore a loss of
corneal sensory sensitivity to normalization [75], in addition to pro-
moting growth of corneal granulation tissue and angiogenesis [76,77].
LDN was found to accelerate the healing of damaged corneal lesions in
rats [78]. In addition, LDN also has a certain effect on refractory painful
diabetic neuropathy [79].

3.5. LDN and pruritus

Systemic sclerosis is an autoimmune disease that causes skin, lung
and gastrointestinal fibrosis and vascular lesions, and pruritus as a
common symptom. LDN treatment has achieved initial results for
pruritus and pain of other inflammatory bowel diseases. Three series of
cases reports [80] suggested that LDN was an effective, highly tolerated
and inexpensive treatment for pruritus symptoms of systemic sclerosis.

3.6. LDN and AIDS

LDN can induce the production of two endorphins (β-endorphin and
enkephalin) in vivo. Serum β-endorphin levels in AIDS patients are one-
third the levels of people without AIDS. Taking 3mg/day of LDN can
increase levels of endorphins without blocking them. Further studies
showed that there was a significant difference in the incidence of op-
portunistic infections with long-term use of LDN and a decrease in the
number of CD4+ T cells; some patients took LDN for up to 7 or 8 years,
with no disease progression or CD4+ T-cell decline [40]. LDN, as an
immune-stabilizing agent for the treatment of AIDS, is effective. In
Nigeria, LDN has been approved for the treatment of AIDS [20].

4. LDN and cancer

LDN has an antitumor effect. It could modulate the tumor response
in neuroblastoma mice by delaying the onset and reducing the in-
cidence rate of tumors [18]. In ovarian tumor-bearing mice, LDN
caused intermittent opioid receptor blockade and upregulated the ex-
pression of OGF and OGFr [32], inhibiting tumor progression in a cy-
totoxic manner by reducing DNA synthesis and angiogenesis rather
than altering cell survival. When the tumor cells were given inter-
mittent LDN for a short period of time (4–6 h) followed by immediate
LDN clearance, there was a window of 18 to 20 h during which time the
tumor cell growth was significantly inhibited [28]. During this window,
the numbers of endogenous OGF and intracellular OGFr in tumor cells
were detected to increase, and the mechanism of intermittent nal-
trexone-administered antitumor effect and the mechanism of exogenous
OGF antitumor effect were both associated with the OGF-OGFr axis
effect [1,81].

Tissue culture and nude mouse transplantation experiments with
human ovarian cancer cells (SKOV-3) [31] both confirmed that LDN
could significantly inhibit the DNA synthesis of SKOV-3 cells, sig-
nificantly reduce the number of tumor cells and inhibit angiogenesis.
The therapeutic approach to the OGF-OGFr axis not only inhibits the
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growth of breast cancer cell lines and their DNA synthesis but also al-
leviates the adverse effects of conventional chemotherapy, protecting
non-tumor cells from death caused by paclitaxel [26].

In squamous cell carcinoma of the head and neck (SCCHN), OGF can
reduce the size of the tumor via the OGF-OGFr axis and delay the tumor
appearance [82]. LDN can intermittently block the opioid receptor-
mediated OGF-OGFr axis indirectly, which plays a role in inhibiting
tumor growth, extending the tumor's incubation period up to 1.6 times.
LDN treatment significantly reduced tumor volume and weight and
reduced DNA synthesis in the tumor. As the number of weekly LDN
administrations increased, the effect of inhibiting tumor growth was
enhanced [45]. The weight of the mouse spleen and the volume of the
tumor gradually decreased.

Berkson and colleagues reported that, after treatment with the
combination of LDN and α-lipoic acid (ALA/N) [83,84], patients with
metastatic or non-metastatic pancreatic cancer achieved long-term
survival without any adverse effects. Tumor marker levels decreased,
symptoms and physical examinations improved and clinical manifes-
tations disappeared. They also found a patient with B-cell lymphoma
[85] whose signs and symptoms attenuated after use of LDN alone.
These cases not only prompted the potential role of LDN in cancer
therapy but also emphasized good compliance with this therapeutic
agent.

Two children, one having a congenital hepatoblastoma and the
other having polycystic kidney disease with predictive chemotherapy-
sensitive congenital hepatoblastoma, had disease-free survival rates of
10 years and 5 years after OGF/LDN treatment. These two cases sug-
gested that LDN might be a less toxic alternative to conventional che-
motherapy when traditional chemotherapy for hepatoblastoma was
impractical [86].

Clinical trials [87] of 10 patients with chemoresistant advanced
metastatic cancer and 1 with hormone-refractory advanced prostate
cancer were followed up. It was found that the use of hydroxycitric acid
(HCA)+ α-lipoic acid (α-LA)+ LDN was safe and effective for the
treatment of refractory end-stage cancers and was capable of mod-
ulating the metabolism of various cancers.

LDN reduces tumor growth by interfering with cell signaling and by
regulating immune system function. LDN selectively affects the genes
involved in cell cycle regulation and immune regulation [88]. In ad-
dition, cells pretreated with LDN are more sensitive to the cytotoxic
effects of common chemotherapeutic drugs. LDN not only functions as a
monotherapy for cancer but is also effective in combination with other
agents such as aged garlic extract [89], vitamin D [90] and panobino-
stat [26] to inhibit tumor growth.

Our team has already used the combination of low-dose naltrexone
and MENK (also called OGF) as an anti-cancer treatment that can in-
hibit DNA replication of pancreatic tumor cells as well as stimulate
activation and proliferation of immune cells and promote the body to
heal itself [21]. LDN and OGF bind to opioid receptors on the cell
surface of the body's immune system, thereby stimulating the activation
and proliferation of immune cells and improving immune function.

5. LDN and inflammatory diseases

Autism is considered a hyperopioidergic disorder caused by en-
dogenous opioid hormone system disorders [71]. In addition, CNS de-
myelination can be observed in the brain of patients with autism, ac-
companied by increased NO levels in vivo [91]. LDN can reduce the in
vivo activity of inducible nitric oxide synthase in patients and reduce
inflammation. Oral administration of 0.5 mg/kg of LDN daily improved
clinical symptoms in children with autism, resulting in significantly
increased plasma β-endorphin and normalized serotonin levels [92].
With the anti-inflammation effect, LDN could be applied in the treat-
ment of autism [48]. Additionally, the use of LDN for complex post-
traumatic dissociative disorders [93], short-term memory impairment
caused by acute stress [94], self-biting behavior [95] and depressive
disorder [96] showed some benefit, and larger studies are needed for
further confirmation.

Complex Regional Pain Syndrome (CRPS) is a neuropathic pain
syndrome involved in glial activation and central sensitization in the
CNS, which is associated with local or systemic inflammation. The
mechanism by which LDN is used to treat chronic pain is not fully
understood. In addition to increasing endogenous opioid levels by
blocking opioid receptors [97], LDN binds to receptors on the surface of
immune-related cells (microglia) while reducing proinflammatory cy-
tokine release and inflammation [98]. LDN can be used as a central
nervous system anti-inflammatory and glial cell modulator for the
treatment of chronic pain syndromes.

LDN can enhance the effect of acupuncture analgesia [99]. Acu-
puncture affects the opioid and the cannabinoid system by releasing
endogenous receptor ligands, and LDN also acts on both systems and
upregulates opioid and cannabinoid receptors. Physical and pharma-
cological treatments have a synergistic effect, relieving chronic pain
syndrome.

Although no large randomized controlled trials have been con-
ducted, the results of two case reports in 2013 [36] and 2016 [100]
indicate that when conventional CRPS medications failed to suppress
their refractory CRPS symptoms, LDN was utilized in these patients by
antagonizing the TLR-4 pathway, attenuating glial activation and cen-
tral sensitization [37] and inducing the production of anti-in-
flammatory endorphins. Another case of refractory chronic low back
pain [101] treated with LDN received satisfactory treatment. Ad-
ditionally, a case was firstly reported in 2016 that LDN was effective for
an old man with a 30-year diabetes history and 7-year-long diabetic
neuropathic symptoms which was refractory to other available treat-
ments [79].

In 2017, two case studies [102,103] simultaneously reported that
patients with familial benign pemphigus (Hailey-Hailey disease)
achieved satisfying clinical symptom resolution by treatment with LDN.
LDN might be developed into a novel therapeutic agent for this disease.
In addition to influencing the OGF-OGFr axis or the TLR signaling
pathway, the possible mechanism may involve improving keratinocyte
differentiation and wound healing.

Fig. 2. The immune-related pharmacological functions and potential mechanisms of LDN.
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6. Prospects

Until now, no review specific focused on the immunoregulatory
functions of LDN has been reported. In this article, we provide a com-
prehensive summary of the immune-related pharmacological functions
and potential mechanisms of LDN, which have been displayed in Fig. 2.

To our knowledge, LDN could modulate the immune system func-
tion of the body to resist an abnormal immune response, and it has been
widely accepted [104] by patients with MS, IBD such as CD and many
types of malignant tumors. Successful reports of patients with fi-
bromyalgia, ALS and type 1 diabetes treated with LDN are increasing.
Future studies and clinical work are warranted to confirm the role of
LDN in the treatment of immune-related diseases. LDN may be con-
sidered as a novel immunomodulator and tumor biotherapy agent,
which is routinely recommended for people with autoimmune diseases
and cancer. At the same time, researchers also found that LDN could
control appetite and the intake of high-sugar and high-fat foods
[105–107] and that the effect and mechanism of LDN on body weight
control were of great value. Moreover, it is believed that LDN will have
more novel dosage forms, such as passive transdermal delivery [108],
liquid nasal spray and sustained-release preparations [109], in the near
future.

Although there are many advantages of LDN therapy, such as low
cost, low adverse reaction, high safety, easy availability and better
compliance, some issues are still worth noting. Since LDN is thought to
play a role in the regulation of inflammatory mediators and the upre-
gulation of endogenous opioid receptors, physicians should be alert to
patients who have prior chronic use of LDN in pain management when
using exogenous opioids in order to prevent hypersensitivity to exo-
genous opioids [110]. Additionally, patient-funded research on LDN for
the treatment of multiple sclerosis is good news for both doctors and
patients, but attention should be paid to issues such as program reviews
and conflicts of interest [111].
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Previously it was confirmed that naltrexone, a non-peptide δ-opioid receptor selective antagonist is mainly used
for alcoholic dependence and opioid addiction treatment. However, there is increasing data on immune regula-
tion of low dose naltrexone (LDN). The aim of this work was to explore the effect of LDN on the phenotype and
function ofmacrophage. The changes ofmacrophage after treatmentwith LDNwere examinedusing flow cytom-
etry (FCM); FITC-dextran phagocytosis and enzyme-linked immunosorbent assay (ELISA). We have found that
LDN enhances function ofmacrophage as confirmed by up-regulatingMHC IImolecule and CD64 onmacrophage
while down-regulating CD206 expression. Furthermore the productions of TNF-α, IL-6, IL-1β, increased signifi-
cantly. Macrophages in LDN treated group performed the enhanced phagocytosis. Therefore it is concluded
that LDN could promote function ofmacrophage and this work has provided concrete data of impact on immune
system by LDN. Especially the data would support interaction between CD4 + T cell and macrophage in AIDS
treatment with LDN in Africa (LDN has already been approved in Nigeria for the use in AIDS treatment).

© 2016 Published by Elsevier B.V.
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1. Introduction

Naltrexone (NTX) as a competitive opioid receptor antagonist is
originally synthesized in 1963. Naltrexone is used primarily in theman-
agement of alcohol dependence and opioid addiction [1]. Naltrexone
hydrochloride in 1984 was approved by FDA for opioid addiction treat-
ment [2]. Usually, drug addiction was treated with a dose of 50–100mg
[3]. Accumulating evidence suggests that LDN can promote health
supporting immune modulation which may reduce various oncogenic
and inflammatory autoimmune processes through opioid receptor me-
diated mechanism [4]. When a low dose of naltrexone is at micrograms
or nano-grams it has been shown to be useful in the treatment of fibro-
myalgia, Crohn's disease, multiple sclerosis and localized pain syn-
dromes. On the other hand the study found LDN works in inhibiting
tumor growth process [5–8]. Previously we published data elucidating
that LDN could stimulate maturation of dendritic cells, which provides
a basic explanation for LDN to exert immunoregulation on immune sys-
tem. Thus, the using of LDN as a novel anti-inflammatory and anti-can-
cer drug would be potential [9–12].

Macrophage as an important innate immune cell plays a vital role in
themaintenance of a stable internal environment and immune defense.
The main functions of macrophage include chemotaxis, phagocytosis,
and endocytosis, secretion of factors that modulate inflammatory re-
sponses and microbial killing; all of which are integral to homeostasis,
immune defense and tissue repair.

Despite that opioid receptors on macrophages were detected out
[13], however so far there is little information about the immune mod-
ulatory effect of LDN on macrophage and related mechanisms remain
unclear. Therefore we carried out the following work.

2. Materials and methods

2.1. Key chemicals

LDN (endotoxin free, which was proven by a standard method of
Tachypleus amebocyte lysate; TAL) was made in Sanofi-Aventis, France
with purity 99.6% identified by HPLC technique. ThemAbs for this study
included FITC anti-mouse F4/80 antibody, APC anti-mouse/human
CD11b antibody, PE anti-mouse CD206 (MMR) antibody and PerCP/
CY5.5 anti-mouse CD64 (FcγRI) antibody. Theywere all fromBiolegend.
FITC-Dextranwas a product of Sigma-Aldrich. ELISA kits for IL-12, IL-10,
IL-6, IL1β, TNF-α were made in eBioscience. Testing kits for NO and
H2O2 production were from Beyotime Co. LPS prepared from
Escherichia coli (serotype 055:B5) was purchased from Sigma-Aldrich.
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RPMI1640 group             LPS group

LDN group Statistical analysis

Fig. 2. Upregulation of MHC II molecule on the surface of macrophage post treatment with LDN. Flow cytometry was used to determine increment of MHC II on macrophages. The plots
indicate that percentage changes and the asterisk indicates statistically significant differences (* represents p b 0.05) from RPMI 1640 group. The result was one of three from three
independent experiments.

A

* *

* *
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Statistical analysis
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Fig. 1. Changes of key surface molecules on macrophage post treatment with LDN (n = 3). Flow cytometry was used to measured changes of CD64 and CD206 on macrophages treated
with LDN at 24 h. A: blank control; B: LPS treated group; C: LDN treated group and D: statistical analysis. The asterisk indicates statistically significant differences (* represents p b 0.05)
from RPMI 1640 group. Results presented here were from three independent experiments.
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Other chemicals frequently used in our laboratory were all from Sigma-
Aldrich or eBioscience.

2.2. The preparation of macrophage

Mouse macrophages were prepared based on the previous method
[13]. The BALB/c mice, 6–8 weeks,18–23 g were used to obtain macro-
phages. The animals were treated nicely by following the Guideline of
the Care and Use of Laboratory Animals of China medical university
and the committee approved all procedures. The cell vitality and purity
were confirmed by Trypan blue and Giemsa with N98%.

2.3. Changes of key surface markers on macrophages

Post treatment with LDN for 24 h the macrophages were collected
and adjusted to1.0 × 106/ml. 100 μl of each labeled antibody was
added to the macrophages suspension and let it stand at 4°Cfor
30 min in darkness. Finally 300 μl cell suspension was assayed for the
expressions of CD206 and CD64 on the surface of macrophage by flow
cytometry.

2.4. NO and H2O2 release under influence of LDN

Post treatment with LDN for 96 h the supernatant of culture was
tested for production of NO and H2O2 by following the instruction
included in testing kits.

2.5. Change of phagocytosis

100 μl of FITC-Dextran was added to the macrophages treated with
LDN, let it stay at 4°Cfor 2 h, 37°Cfor 1 h and rinsed three times with
PBS. Finally sample in 300 μl FCS liquid was assayed by flow cytometry.

2.6. Assay for cytokine production by ELISA

Adjusted cell number to1 × 105/ml and seeded the in 96 holes plate.
LDN was added according protocol. The supernatant was collected post
24 h and was tested for production of IL-12, IL-10, IL-6, IL1β and TNF-α
per instruction in ELISA kits.

2.7. Statistical analysis

All datawere processed using SPSS (Statistical Package for Social Sci-
ences, Version 16.0) for Windows. The divergences were presented as
mean ± SE. The differences evaluated by ANOVA, when p value was
b0.05, represented statistical significance.

(B) LPS group(A) DMEM group

Fig. 4. Phagocytosis of macrophages under influence of LDN. The phagocytosis to labeled
Dextran (as antigen) by macrophages was determined by flow cytometry and the
representative images of the flow cytometry plots were used in pinocytosis analyses. A:
DMEM group; B: LPS group; C: LDN and D: Statistical analysis. The asterisk designates
statistically significant differences (* represents p b 0.05) from DMEM group. Results
presented here were from three independent experiments.

(B) H2O2 Production 

(A) NO Production

Fig. 3. The production of NO and H2O2 bymacrophages treatedwith LDN. The release of NO (A) and H2O2 (B) bymacrophages post treatment with LDN is detected, which was indicating
activation of macrophages. The asterisk designates statistically significant differences (* represents p b 0.05) from DMEM group. Results presented here were from three independent
experiments.
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3. Results

3.1. Changes of key surface markers on macrophages

Under influence of LDN macrophages develop into expanded group
with marked changes of CD64 and CD206. Through analysis of gate
setting of positive expression the result shows that CD64 is unregulated
while CD206 is downregulated markedly, which means that
macrophages type shifts from M2 to M1 as shown in Fig. 1. Also Fig. 2

confirms upregulation of MHCII molecule on the surface, which will fit
antigen presentation to activate T cell response.

3.2. NO and H2O2 release under influence of LDN

When macrophages are activated they will increase the release of
NO and H2O2 to mount non-specific killing effect. Fig. 3. shows that
LDN could activate macrophages and besides it stimulates proliferation

(C) IL-12 (D) IL-6

(E)IL-10

(B) IL-1(A) TNF-α

Fig. 5. Cytokines production bymacrophage post treatmentwith LDN. Antibody-captured ELISAwas used to determine the production levels of (A) TNF-α, (B) IL-1, (C) IL-12, (D) IL-6 and
(E) IL-10, in supernatant of culture collected at 24 h. The results were expressed as means± SD of pg/ml. The asterisk indicates statistically significant differences (* represents p b 0.05)
from RPMI 1640 group. Results presented here were from three independent experiments.
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of macrophages it also enhances macrophages to produce high levels of
NO and H2O2.

3.3. Change of phagocytosis

With activation of macrophages the phagocytosing potential would
be upregulated so that macrophages could phagocyte or destroy more
microbes per cancer cells. Post treatmentwith LDNmacrophages upreg-
ulate phagocytosis to fluorescent labeled Dextran as shown in Fig. 4.

3.4. Assays for cytokines production by ELISA

One of themajor functions of macrophages is anti-defense. Upon ac-
tivation themacrophageswould secret a spectrumof cytokines to be in-
volved in inflammation process. The ELISA results indicate that LDN
increases secretion of IL-12(238.943 ± 12.56 pg/ml), TNF-α(31.92 ±
9.187 pg/ml), IL-6(190.6 ± 12.99 pg/ml), IL-1β(74.28 ± 5.705 pg/ml)
while IL-10 level (203.6 ± 77.82 pg/ml) is not significant statistically.
This is reasonable outcome shown as Fig. 5.

4. Discussion

There are approaches on the different purposes with LDN [14–18]
Naltrexone could inhibit or accelerate cell proliferation in vivo when
utilized in a high dose (HDN) or a low dose (LDN), respectively. Several
approaches have been reported on the inhibition of growth of various
kinds of tumors with LDN through opioid growth factor-opioid growth
factor receptors. LDN upregulates expression of opioid receptors
which will be favorite of more methionine enkephalin binding to,
resulting in activation of immune cells in human immune system.

LDN can provide a new, safe and inexpensive method of medical
treatment bymobilizing the natural defenses of one's own immune sys-
tem. LDN substantially improves treatment of a wide array of diseases.
In human cancer, research by Zagon overmany years has demonstrated
inhibition of a number of different human tumors in laboratory studies
by using endorphins and low dose naltrexone. It is suggested that the
increased endorphin and enkephalin levels, induced by LDN, work di-
rectly on the tumors' opioid receptors, which may cause regression or
apoptosis of tumor. In addition, it is believed that they act to increase
functions of immune cells against cancer [19–26].

LDN is currently used as an immunemodulator by boosting levels of
endorphins (peptides produced in the brain and adrenal glands). These
natural peptides are also powerful modulators of the immune system.
The increased endorphin production helps orchestrate the activity of
stem cells, natural killer cells, T and B cells and other immune cells. Ber-
nard Bihari previously studied immune responses primarily in HIV/AIDS
patients and provided a 3-fold mechanistic approach to the use of LDN
showing administration has the following effects on the immune sys-
tem. It is believed that LDN works on more than one receptor, clinical
evidence overwhelmingly indicates that opioids alter the development,
differentiation, and function of immune cells, and that both innate and
adaptive systems are affected.

It has also been reported that lower doses of LDN are able to reduce
tumor growth by interfering with cell signaling as well as by modifying
the immune system.

Now in our current study we have found that the function of LDN on
macrophages is present as evidenced by following fact: (1) LDN could sig-
nificantly up-regulate the expression of CD64 and down-regulate the ex-
pression of CD206, which means that macrophages under influence of
LDN have shifted into activated M1type; (2) With this activation macro-
phages secret higher levels of IL-12, TNF-α, IL-6, IL-1β and lower level
of IL-10, which would mount process of inflammation or killing effect;
(3) With this activation macrophages upregulate phagocytosis potential
to deal withmore antigens; (4)With this activationmacrophages release
more NO and H2O2, which will kill microorganisms or tumor cells to

maintain defense, which is consistent with the process of macrophages
activation.

Macrophages are a type of white blood cell and professional phago-
cytes, highly specialized in removal of dying or dead cells and cellular
debris, foreign substances, microbes and cancer cells. Macrophages are
versatile cells that play many roles. As secretary cells, macrophages
are vital to the regulation of immune responses and the development
of inflammation. Upon activation they produce awide array of powerful
chemical substances, involved in coordinating innate and adaptive im-
mune responses.

It should be further noted that there are several activated forms of
macrophages. In spite of a spectrum of ways to activate macrophages,
there are two main groups designated as M1 and M2. M1 macrophages,
as mentioned earlier (previously referred to as classically activated
macrophages) are activated by LPS and IFN-gamma, and could secrete
higher levels of IL-12, IL-6, TNF-ɑ and lower level of IL-10. In contrast,
the M2 macrophages (also referred to as alternatively activated macro-
phages) broadly refer tomacrophages that function in constructive pro-
cesses like wound healing and tissue repair, and those that turn off
damaging immune system activation by producing anti-inflammatory
cytokines like IL-10. Tumor-associated macrophages are mainly M2

phenotype, which seems to actively promote tumor growth.
Our results suggest that LDN at suitable dose range could promote

macrophages to shift to M1 type.
Despite the fruitful results obtained above there are more mecha-

nisms to be investigated in depth. Thesemechanisms include correlation
of signals between opioid receptors and other pathogen recognition re-
ceptors on macrophages.

Therefore, this work contributes to the better understanding to rela-
tion between immune system and endocrine system and the idea using
LDN as an immune modulator should further be supported.

5. Conclusions

We believe that this is the first time ever that published article elu-
cidates the effect on macrophages by LDN. LDN at suitable doses could
stimulate functions ofmacrophage and the positivemodulationwas ev-
idenced by increased phagocytosis, more production of cytokines IL-12
and TNF-ɑ and upregulated expression of CD64 and upregulated release
of NO and H2O2. LDN stimulates macrophages with characteristics of
M1-type macrophages orientation.
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