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World Journal of  Pharmacology (World J Pharmacol, WJP, online ISSN 2220-3192, DOI: 
10.5497) is a bimonthly peer-reviewed, online, open-access, journal supported by an 
editorial board consisting of  100 experts in pharmacology from 23 countries.

The aim of  WJP is to report rapidly new theories, methods and techniques for pre-
vention, diagnosis, treatment, rehabilitation and nursing in the field of  pharmacology. 
WJP covers topics concerning neuropsychiatric pharmacology, cerebrovascular pharma-
cology, geriatric pharmacology, anti-inflammatory and immunological pharmacology, 
antitumor pharmacology, anti-infective pharmacology, metabolic pharmacology, gastro-
intestinal and hepatic pharmacology, respiratory pharmacology, blood pharmacology, 
urinary and reproductive pharmacology, pharmacokinetics and pharmacodynamics, clin-
ical pharmacology, drug toxicology, and pharmacology-related traditional medicine, and 
integrated Chinese and Western medicine. The journal also publishes original articles 
and reviews that report the results of  pharmacology-related applied and basic research 
in fields such as immunology, physiopathology, cell biology, pharmacology, medical ge-
netics, and pharmacology of  Chinese herbs.
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Abstract
The first issue of the World Journal of Pharmacology 
(WJP), whose preparatory work was initiated on Janu-
ary 10, 2011, will be published on February 9, 2012. 
The WJP editorial board has now been established and 
consists of 100 distinguished experts from 23 countries. 
Our purpose of launching the WJP  is to publish peer-
reviewed, high-quality articles via  an open-access online 
publishing model, thereby acting as a platform for com-
munication between peers and the wider public, and 
maximizing the benefits to editorial board members, 
authors and readers.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
I am very pleased to announce that the first issue of  
the World Journal of  Pharmacology (World J Pharmacol, WJP, 
online ISSN 2220-3192, DOI: 10.5497) on which prepa-
ration was initiated on January 10, 2011, is officially pub-
lished on February 9, 2012. The WJP editorial board has 
now been established and consists of  100 distinguished 
experts from 23 countries. It is my great honor to have 
the world renowned pharmacologist, Geoffrey Burnstock, 
PhD, DSc, FAA, FRCS (Hon), FRCP (Hon), FmedSci, 
FRS, Professor, as the first Editor-in-Chief  of  the WJP 
(Figure 1). What is the purpose of  launching the WJP? 
What is the scope and how are the columns designed?

The role of  academic journals is to exhibit the scientif-
ic levels of  a country, a university, a center, a department 
and even a scientist, and build an important bridge for 
communication between scientists and the public. As we 
all know, the significance of  the publication of  scientific 
articles lies, not only in disseminating and communicating 
innovative scientific achievements and academic views, 
as well as promoting the application of  scientific achieve-
ments, but also in formally recognizing the “priority” and 
“copyright” of  innovative achievements published, as well 
as evaluating research performance and academic levels. 
To realize these desired attributes of  a journal and create 
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Figure 1  Editor-in-Chief of World 
Journal of Pharmacology. Geoffrey 
Burnstock, PhD, DSc, FAA, FRCS 
(Hon), FRCP (Hon), FmedSci, FRS, 
Professor, Autonomic Neuroscience 
Centre, University College Medical 
School, Royal Free Campus, Row-
land Hill Street, London NW3 2PF, 
United Kingdom.
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a well-recognized journal, the following four types of  per-
sonal benefits should be maximized.

MAXIMIZATION OF PERSONAL BENEFITS
The maximization of  personal benefits refers to the 
pursuit of  the maximum personal benefits in a well-con-
sidered optimal manner without violation of  laws, ethical 
rules and the benefits of  others.

Maximization of the benefits of editorial board members
The primary task of  editorial board members is to give 
a peer review of  an unpublished scientific article via an 
online office system to evaluate its innovativeness, scien-
tific and practical values and determine whether it should 
be published or not. During peer review, editorial board 
members can also obtain cutting-edge information in 
that field at first hand. As leaders in their field, they have 
priority to be invited to write articles and publish com-
mentary articles. We will put peer reviewers’ names and 
affiliations along with the article they reviewed in the 
journal to acknowledge their contribution.

Maximization of the benefits of authors
Since the WJP is an open-access journal, readers around 
the world can immediately download and read, free of  
charge, high-quality, peer-reviewed articles from the WJP 
official website, thereby realizing the goals and signifi-
cance of  the communication between authors and peers 
as well as public reading.

Maximization of the benefits of readers 
Readers can read or use, free of  charge, high-quality peer-
reviewed articles without any limits, and cite the argu-
ments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so 
as to validate the innovativeness, scientific and practical 
values of  their own research achievements, thus ensuring 
that their articles have novel arguments or viewpoints, 
solid evidence and correct conclusions[1].

Maximization of the benefits of employees
It is an iron law that a first-class journal is unable to ex-
ist without first-class editors and only first-class editors 
can create a first-class academic journal[2,3]. We insist on 
strengthening our team cultivation and construction so 
that every employee, in an open, fair and transparent envi-
ronment, are able to contribute their wisdom to edit and 
publish high-quality articles, thereby realizing the maximi-
zation of  the personal benefits of  editorial board mem-
bers, authors and readers, and yielding the greatest social 
and economic benefits.

CONTENTS OF PEER REVIEW
In order to guarantee the quality of  articles published in 
the journal, the WJP usually invites three experts to com-
ment on the submitted papers. The contents of  peer re-

view include: (1) whether the contents of  the manuscript 
are of  great importance and novelty; (2) whether the 
experiment is complete and described clearly; (3) whether 
the discussion and conclusion are justified; (4) whether the 
citations of  references are necessary and reasonable; and 
(5) whether the presentation and use of  tables and figures 
are correct and complete. 

SCOPE
The aim of  the WJP is to report rapidly new theories, 
methods and techniques for prevention, diagnosis, treat-
ment, rehabilitation and nursing in the field of  pharma-
cology. WJP covers topics concerning neuropsychiatric 
pharmacology, cerebrovascular pharmacology, geriatric 
pharmacology, anti-inflammatory and immunological 
pharmacology, antitumor pharmacology, anti-infective 
pharmacology, metabolic pharmacology, gastrointestinal 
and hepatic pharmacology, respiratory pharmacology, 
blood pharmacology, urinary and reproductive pharma-
cology, pharmacokinetics and pharmacodynamics, clinical 
pharmacology, drug toxicology, pharmacology-related 
traditional medicine, and integrated Chinese and Western 
medicine. The journal also publishes original articles and 
reviews that report the results of  pharmacology-related 
applied and basic research in fields such as immunology, 
physiopathology, cell biology, medical genetics and phar-
macology of  Chinese herbs.

COLUMNS
The columns in the issues of  the WJP will include: (1) 
Editorial: to introduce and comment on the substantial 
advance and its importance in the fast-developing areas; (2) 
Frontier: to review the most representative achievements 
and comment on the current research status in the impor-
tant fields and propose directions for the future research; 
(3) Topic Highlight: this column consists of  three formats, 
including (A) 10 invited review articles on a hot topic, (B) a 
commentary on common issues of  this hot topic, and (C) 
a commentary on the 10 individual articles; (4) Observa-
tion: to update the development of  old and new questions, 
highlight unsolved problems and provide strategies on how 
to solve the questions; (5) Guidelines for Clinical Practice: 
to provide guidelines for clinical diagnosis and treatment; 
(6) Review: to systematically review the most representa-
tive progress and unsolved problems in the major scientific 
disciplines, comment on the current research status and 
make suggestions on future work; (7) Original Articles: to 
originally report the innovative and valuable findings in 
pharmacology; (8) Brief  Articles: to briefly report novel 
and innovative findings in pharmacology; (9) Case Report: 
to report a rare or typical case; (10) Letters to the Editor: to 
discuss and make reply to the contributions published in the 
WJP, or to introduce and comment on a controversial issue 
of  general interest; (11) Book Reviews: to introduce and 
comment on quality monographs of  pharmacology; and 
(12) Guidelines: to introduce consensuses and guidelines 
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reached by international and national academic authorities 
worldwide on research in pharmacology.
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Abstract
The hypothesis in drug clinical trials is that the drug is 
better than a placebo in patients suffering from a dis-
ease. The unstated assumption is that the drug cures 
the disease or is a powerful treatment for the disease. 
This is an incorrect assumption. Drugs do not cure or 
treat diseases. The body heals itself; drugs promote this 
ability of the body to heal itself. Placebos are assumed 
to be inactive; however, placebos can also promote 
the ability of the body to heal itself. Placebos are actu-
ally treatments that can stimulate endogenous healing 
mechanisms. The possible place of placebos in health 
management is controversial. Clinical trial design should 
be altered. The hypothesis of clinical trials should be 
that the drug speeds up or improves the healing of the 
patient, putting patient healing as the first objective. 
Placebos should not be used as controls but could be 
tested as drugs in their own right. The control in clinical 
trials should be no treatment. Alternatively, new drugs 
could be compared to existing drugs in clinical trials.

© 2012 Baishideng. All rights reserved.

Key words: Randomized clinical trials; Placebo effect; 
Drug efficacy; Healing

Peer reviewer: James J Chen, PhD, Division of Personalized 
Nutrition and Medicine, National Center for Toxicological 
Research, Food and Drug Administration, Jefferson, AR 
72079, United States

Adams Jr JD. Design flaws in randomized, placebo controlled, 
double blind clinical trials. World J Pharmacol 2012; 1(1): 4-9  
Available from: URL: http://www.wjgnet.com/2220-3192/full/v1/
i1/4.htm  DOI: http://dx.doi.org/10.5497/wjp.v1.i1.4

BACKGROUND
The basis of  clinical pharmacology is the randomized, 
placebo controlled, double blind clinical trial (RCT). De-
sign recommendations for RCTs can be found at www.
consort-statement.org. The hypothesis in RCTs is that 
the drug will produce a greater response than a placebo 
in patients suffering from the same symptoms caused by 
the same disease. RCTs are designed to prove the power 
of  new drugs. This design comes directly from labora-
tory pharmacology experiments, such as when receptor 
activation by a drug is tested in comparison to a placebo. 
These laboratory experiments can be carefully controlled, 
especially in purified receptor preparations. There are 
many difficulties in extrapolating from experimental de-
sign in purified receptor preparations to RCTs in diseased 
patients. Purified receptor studies do not contain endog-
enous agonists and antagonists that confound RCTs. A 
basic assumption in RCTs is that healing is the same as 
efficacy in comparison to a placebo. This assumption is 
frequently not true[1].

HEALING THE PATIENT IS THE FIRST 
PRIORITY
RCTs seek first to prove the efficacy of  a drug but do not 
seek to heal the patient. In fact, some RCTs seek receptor 
interactions or symptom reduction as the end point, not 
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healing. It is assumed that activating receptors is enough 
to heal the patient. This is not always true. Several drugs 
have been approved for use in the USA by the FDA after 
extensive RCTs, only to be shown to be ineffective at 
healing patients in post marketing studies. Examples of  
this are: gemtuzumab ozogamicin, eritrityl tetranitrate, 
propoxyphene (not recommended in elderly patients in 
California), trimethobenzamide hydrochloride and mido-
drine.

BODY HEALS ITSELF
Each receptor in the body has one or more endogenous 
agonists and endogenous antagonists[2]. These agonists 
and antagonists exist in a balance that is called health. 
When this balance is corrupted, disease may occur. This 
is similar to the Chinese concept of  balancing yin and 
yang in health. For instance, insulin is an endogenous 
agonist that binds to and activates the insulin receptor 
and increases the uptake of  glucose into cells. Insulin re-
ceptor activation is inhibited by a variety of  endogenous 
antagonists including: ceramide, TNFα, visfatin, IL-6, 
resistin and RELMs[3-5]. When the balance of  agonists 
and antagonists is altered, insulin resistant diabetes can 
occur. In hypertension, resistin, an endogenous antago-
nist, inhibits bradykinin, an endogenous agonist, induced 
vasodilation[6]. Vascular tone is decreased by a variety of  
endogenous agonists, including PGI2, nitric oxide and 
acetylcholine. Blood pressure is increased by several en-
dogenous compounds such as endothelin, angiotensin, 
renin, aldosterone and other factors. Anxiety is another 
example, where receptor dysfunction is learned by the 
patient. In other words, a cognitive act of  the patient 
causes an imbalance in the agonist antagonist balance in 
the brain and results in receptor dysfunction. The recep-
tors involved include: norepinephrine, arginine vasopres-
sin, neuropeptide Y, galanin, dopamine, serotonin and 
GABA[7,8]. Anxiety may decrease the healing of  some 
diseases.

Hormones and other endogenous compounds have 
releasing agents and release inhibition agents that exist 
in a balance required for health, such as somatostatin 
and somatocrinin. In disease, the balance is prevented by 
increased production of  endogenous compounds that 
promote disease. For instance, endocannabinoids increase 
in obesity, inhibit the secretion of  anti-inflammatory 
adiponectin and increase the secretion of  inflammatory 
adipokines[9] that are involved in atherosclerosis, arthritis, 
diabetes, hypertension and other chronic conditions[10].

PLACEBOS ARE TREATMENTS 
THAT STIMULATE ENDOGENOUS 
MECHANISMS
Recent authors defined “a placebo as any treatment that 
is used for its ameliorative effect on a symptom or disease 

but that is ineffective for the condition being treated”[11]. 
However, many substances can be effective for the con-
dition being treated since they stimulate the body’s ability 
to heal itself  through endogenous mechanisms. In con-
trast, a drug is itself  capable of  interacting with receptors 
that stimulate endogenous mechanisms and promote the 
body’s ability to heal itself. It might be more appropriate 
to define a placebo as an agent that acts only by stimulat-
ing endogenous agonist antagonist mechanisms. Even 
this definition is troublesome. For instance, morphine is 
an endogenous agonist that is made in the human body. 
Therefore, administering morphine stimulates endog-
enous agonist antagonist mechanisms. 

Most studies use a solvent, capsule or tablet that does 
not contain the drug as a placebo. A recent review dis-
cussed data showing that placebos increase the healing 
of  many diseases, or at least decrease the symptoms of  
many diseases[12]. Placebo effects cannot be dismissed and 
may be clinically significant. Recent guidelines advise us-
ing the placebo effect to augment analgesia[13]. However, 
a recent meta analysis of  202 RCTs found that placebos 
did not have clinically significant effects[14]. Placebos are 
very good at increasing dopamine release, decreasing 
pain, decreasing headaches, increasing endogenous opi-
oid release, decreasing β-adrenergic activity, anxiety relief, 
immunosuppression and other specific pharmacological 
effects[12,15-18]. It is very possible that treating anxiety may 
help with healing of  many diseases[12]. Similarly, treating 
pain may improve healing of  some diseases. Placebos, 
like drugs, can facilitate the ability of  the body to heal 
itself  through endogenous agonist and antagonist mecha-
nisms. The exact mechanism (s) of  action of  placebos is 
not known. In other words, it is not known how placebos 
reestablish endogenous agonist and antagonist balance.

A confounding factor in placebo mechanisms is that, 
since they stimulate endogenous opioid release, some 
patients like them. This has prompted some scientists to 
conjecture that anything that stimulates endogenous opi-
oid release is a placebo. This argument is used as proof  
that acupuncture, which stimulates endogenous opioid 
release, is a placebo treatment. However, acupuncture 
also stimulates type Ⅱ and Ⅲ small diameter, myelinated 
afferent nerve fibers in muscles that send impulses to the 
spinal cord and activate analgesia centers in the spinal 
cord, midbrain and hypothalamus-pituitary[19]. The spinal 
cord neurons are endorphinergic and release enkephalin 
or dynorphin to block pain transmission. Periaqueduc-
tal gray matter cells in the midbrain secrete enkephalin, 
which results in serotonin and norepinephrine release 
in the spinal cord to inhibit pain transmission. The pitu-
itary gland releases β-endorphin into the blood to cause 
analgesia at remote sites. Acupuncture is useful therapy 
in many patients[20], is FDA approved and is covered 
by many medical insurance companies. It should also 
be remembered that many drugs stimulate the release 
of  endogenous opioids, such as capsaicin[21], alcohol[22], 
cocaine[23], propofol[24], ibuprofen[25], clonidine[26] and se-
rotonin releasing drugs[27]. If  endogenous opioid release 
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is specifically characteristic of  placebos, then some drugs 
are placebos.

Several studies have sought ways to predict which 
patients will have placebo responses in order to eliminate 
these patients from selection. Some studies have sug-
gested that the placebo response is predicted by beliefs 
and expectations of  patients[28-30]. Other studies have 
found placebo response correlates with Caucasian pa-
tients, study duration, disease severity, dosing regimen, 
type of  RCT, doctor patient communication and other 
factors[31-33].

CARPENTER APPROACH
One of  the purposes of  RCTs is to find more powerful 
or more specific drugs. Medicine is dominated by the 
carpenter approach; if  the hammer does not work, get 
a bigger hammer. This is especially evident in pain pa-
tients where initial use of  nonsteroidal anti inflammatory 
agents can lead quickly to opioids and the fentanyl patch. 
Some doctors tell patients that they should not be in pain. 
However, pain is a necessary part of  life. Pain protects 
patients from damaging themselves from burns, bruises 
and other problems. Typically, pain patients become toler-
ant to opioids and increase the dose. Toxicity may occur, 
including respiratory depression and seizures. As of  2011, 
there are approximately 10 000 US patients dying yearly 
from prescription opioid overdose. The body has natural 
pain relieving agonists that are produced as needed in the 
brain, act locally and have short half  lives. These agonists, 
endorphins, enkephalins and dynorphins, are very safe 
and are in a balance between synthesis, release, catabo-
lism and natural antagonists. They are greatly superior to 
an administered opioid that must penetrate into the body 
and reside in the body for a convenient length of  time. 
Administered opioids shut down the synthesis of  natural 
opioid agonists[34]. When administered opioids, includ-
ing the fentanyl patch, are gradually removed from the 
patient, the body may not respond quickly to reestablish 
the natural pain relieving mechanisms due to long term 
opioid receptor desensitization[35]. This may leave the pa-
tient in much more pain than was experienced before the 
opioid interventions.

Another example of  the carpenter approach is the 
overuse of  antibiotics. The body has an endogenous im-
mune system to fight bacterial infections. Over prescrip-
tion of  antibiotics in otitis media has led to bacterial re-
sistance such that the body can no longer heal itself  from 
infections[36]. In addition, antibiotic toxicity is becoming 
more of  a problem as the doses used and the number of  
antibiotics used at the same time increase. It is better to 
use a couple of  drops of  olive oil in the auditory canal 
for otitis media[37]. 

SHARPLY FOCUSED APPROACH
Funding agencies have expressed a need for a more 
sharply focused approach to RCTs and the use of  specif-

ic biomarkers to prove the efficacy of  new drugs[38]. This 
approach makes biomarkers more important than patient 
healing. This may be the result of  reports that RCTs 
examining the same drugs find conflicting results[39], doc-
tors use placebos in their patients[40], RCT design and 
placebo responses have changed over the years[41-43] and 
funding sources affect the outcomes of  RCTs[44]. Many 
drugs have been tested in extensive RCTs and have been 
FDA approved in the USA inappropriately. Examples of  
this are rofecoxib and valdecoxib, which were approved 
even although they caused severe toxicity (myocardial 
infarction and stroke). These drugs were developed as 
the result of  intensive, sharply focused investigations to 
find COX-2 inhibitors for use in pain patients. Other 
examples of  FDA approved drugs that were removed 
because of  toxicity problems include: azaribine (stroke), 
ticrynafen (liver toxicity), benoxaprofen (liver toxicity), 
zomepirac (fatal allergic reaction), nomifensine (hemolytic 
anemia), suprofen (flank pain syndrome), encainide (fatal 
arrhythmia), temafloxacin (kidney failure), flosequinan 
(increased deaths), fenfluramine (heart valve disease), 
bromfenac (liver toxicity), mibefradil (fatal arrhythmia), 
grepafloxacin (fatal arrhythmia), cisapride (fatal arrhyth-
mia), troglitazone (liver toxicity), cerivastatin (muscle 
damage leading to kidney failure), rapacuronium (severe 
breathing difficulty), etretinate (birth defects), levometha-
dyl (fatal arrhythmia), gemtuzumab ozogamicin (myelo-
suppression and no efficacy), terfenadine (fatal arrhyth-
mias), astemizole (fatal arrhythmias), propoxyphene (fatal 
arrhythmias) and conjugated estrogens (heart attack, 
stroke, breast cancer, Alzheimer’s disease).

The approval of  these drugs is symptomatic of  the 
over anxious need for ever more powerful drugs and ever 
more specific drugs. Clearly, as toxic lifestyles produce 
more chronic diseases, there is an increasing insistence 
from patients that drugs should be produced to cure 
them of  these diseases. However, the danger of  toxic-
ity from more powerful and more specific drugs must 
not be overlooked. What is routinely overlooked is that 
prevention of  these chronic diseases should be the first 
priority[10,45-47].

PROTECTING THE PUBLIC FROM FRAUD
One of  the stated purposes of  RCTs is to demonstrate 
the power of  drugs such that the public can be protected 
from products that lack efficacy but are available on the 
market. The National Center for Complementary and Al-
ternative Medicine is especially vigilant in this regard and 
seeks to protect the public from plant derived medicines 
that lack efficacy but may be toxic[48]. Prior to 1960, most 
drugs were derived from plants and natural sources. Homo 
sapiens has survived for 200 000 years by using plants as 
medicines. There has been an enormous natural selection 
where people who responded to plant medicines sur-
vived. Today most drugs come directly or indirectly from 
plants or natural sources, including cancer drugs, most 
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antibiotics, vitamins, minerals and other prescription 
drugs. 

TRILLION DOLLAR FRAUD
Patients are led to believe that powerful drugs are avail-
able to treat diabetes, cardiovascular disease, congestive 
heart failure, arthritis and other chronic diseases. Many 
drugs have been tested in RCTs and have been approved 
for use in these diseases. There is no drug that cures dia-
betes, cardiovascular disease, congestive heart failure or 
arthritis. Drugs are available to manage these diseases and 
allow patients to live with their pathology. These chronic 
disease processes can be partially slowed down by drugs; 
however, even with the best drugs, these chronic diseases 
progress. One of  the problems with treatment of  these 
diseases is that the drugs used are too specific and usually 
treat only one symptom. The goal of  medicine should 
be to heal the patient. Unfortunately, with many chronic 
diseases, the goal has become keeping the patient alive. 
These diseases are caused by adopting toxic lifestyles 
that produce weight gain, muscle loss, fat accumulation, 
toxic adipokine secretion, toxic lipid accumulation and 
other detrimental changes[3,9,10,47,49,50]. Patients are advised 
to change their lifestyles, including lose weight, exercise 
more and eat healthy diets, in order to help them man-
age these chronic diseases. There is evidence that lifestyle 
changes can greatly improve the management of  these 
chronic diseases[45,46,51,52]. Yet, many patients do not make 
lifestyle changes and prefer to rely on drugs. The empha-
sis in healthcare should be prevention of  these chronic 
diseases by teaching patients to avoid toxic lifestyles[45-47].

Of  course, there are some diseases for which pre-
vention is not possible. These diseases include genetic 
diseases and type Ⅰ diabetes; although, recent work has 
shown that the onset of  type Ⅰ diabetes can delayed by 
nicotinamide[53].

DESIGNING RCTs IN THE FUTURE
RCTs should be designed with healing the patient as the 
primary goal. The hypothesis should be that a drug will 
promote healing better than no treatment. This removes 
placebos as a confounding variable. It is important to 
remember that some patients get a placebo response just 
from visiting the doctor’s office, even without seeing the 
doctor[12]. These patients may have to be removed from 
statistical analysis of  the data. Comparing a drug to no 
treatment means that double blinding cannot be possible. 
Such trials can still be randomized and can still be sta-
tistically valid. The results from patients tested with new 
drugs can also be compared to historical patients receiv-
ing no treatment in the same hospital. 

Of  course, the danger in comparing a drug to no 
treatment is that a drug that works only through placebo 
mechanisms may become approved. As demonstrated 
above, several drugs that lack efficacy have already been 
approved. As more drugs become available, new drugs 

should be compared to existing drugs, rather than pla-
cebos or no treatment. Such trials can be performed in 
randomized, double blinded designs. 

In patients afflicted with chronic, incurable diseases, 
lifestyle changes, not drug therapy, should be the primary 
goal. Toxic lifestyles prevent the body from healing it-
self  or at least reestablishing normal agonist antagonist 
balance. These chronic diseases include hypertension, 
cardiovascular disease, congestive heart failure, arthritis, 
insulin resistant diabetes and others. In patients with long 
standing chronic illnesses, healing may be impossible due 
to extensive pathology, in which case, disease manage-
ment becomes the secondary goal. Pain patients can be 
difficult to heal, especially in diseases where the cause of  
the pain is not completely known, like neuropathic pain 
or fibromyalgia. These patients can be tested in clinical 
trials where no treatment is compared to a treatment[54]. 
Of  course, in patients that have life threatening symp-
toms from chronic diseases, symptom management must 
be a secondary goal. Placebos or no treatment are not 
ethical in diseases with life threatening symptoms that 
have effective drug therapy[55]. An alternative hypothesis 
in RCTs could be that a new drug promotes healing bet-
ter than a conventional drug or has equal ability to pro-
mote healing compared to a conventional drug. Compar-
ing drugs removes confounding effects of  placebos.
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Abstract
The primary objective of this article is to analyze the 
role of tobacco smoke compounds able to damage the 
cardiovascular system and, in particular, to interfere 
with blood pressure. They are products of tobacco 
plant leaves, like nicotine, thiocyanate and aromatic 
amines, and a chemical derived from cigarette com-
bustion, carbon monoxide. Of the other thousands of 
chemicals, there is no clear evidence of cardiovascular 
damage. Nicotine and its major metabolite, cotinine, 
usually increase blood pressure by a direct action and 
an action stimulating neuro-humoral metabolites of the 
body as well as sympathetic stimulation. An indirect 
mechanism of damage exerted by elevated carboxyhe-
moglobin concentrations is mediated by carbon mon-
oxide, which, mainly induces arterial wall damage and, 
consequently, late rising in blood pressure by a toxic 
direct action on endothelial and blood cells. Thiocya-
nate, in turn, reinforces the hypoxic effects determined 
by carbon monoxide. Aromatic amines, depending on 
their chemical structure, may exert toxic effects on the 
cardiovascular system although they have little effect 
on blood pressure. A rise in blood pressure determined 
by smoking compounds is a consequence of both their 
direct toxicity and the characteristics of their chemical 
chains that are strongly reactive with a large number 

of molecules for their spatial shape. In addition, a rise 
in blood pressure has been documented in individuals 
smoking a cigarette, acutely and chronically, with irre-
versible artery wall alterations several years after begin-
ning smoking. Since cigarette smoking has a worldwide 
diffusion, the evidence of this topic meets the interest 
of both the scientific community and those individuals 
aiming to control smoking.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Growing evidence indicates that over 4000 chemical 
compounds are usually concentrated and condensed into 
tobacco mixture[1]. A large majority of  these have carci-
nogenic effects but there are many with cardiovascular 
toxicity, which depends on several factors, partly related 
to tobacco smoke and partly due to the environment and 
lifestyle of  individuals exposed to smoking. 

The harmful health effects of  tobacco smoke ad-
versely target the cardiovascular system and there is also 
evidence that death rates are uniformly higher among 
smokers than non-smokers in both sexes and whatever 
the age at the death. In addition, reports[2,3] indicate that 
the excess mortality in smokers mainly affects smokers 

OBSERVATION
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aged from 45 to 54 years more than those younger or 
older in age. It is well known that older age is related to 
arterial hypertension[4,5] and, consequently, there is evi-
dence that smoking usually precedes elevated blood pres-
sure. Moreover, the strong relationship which links smok-
ing exposure to type of  response of  heart and blood 
vessels[6-10] may present a variety of  patterns and different 
severe manifestations.

In spite of  the great number of  findings which show 
the adverse role of  smoking compounds on blood pres-
sure without doubt, current opinions on that are not yet 
unanimous. There is a discrepancy in opinions that may 
be attributed to the lack of  reproducible data, particularly 
in epidemiological studies. On the other hand, experi-
mental findings conducted on both humans and animals 
give evidence of  reproducible results for cardiovascular 
events and events related to hypertension. In addition, 
high blood pressure has consistently been found to be a 
strongly predictive factor for coronary artery disease and 
stroke[4-6]. Undoubtedly, careful control of  major cardio-
vascular risk factors[10], including hypertension, which 
should be unconditionally lowered worldwide, is able 
to reduce significantly the rate of  stroke and coronary 
events.

The purpose of  this review is to describe the mecha-
nisms by which the chemicals of  tobacco smoke can 
cause changes in arterial blood pressure, as well as 
explaining the reasons for selecting this subject by an 
analysis of  chemical and pharmacological properties of  
tobacco smoke toxins which adversely affect the cardio-
vascular system, in an attempt to clarify the real potential 
of  the topic in regard to the scientific community and 
health professionals concerned.

TOBACCO COMPOUNDS AND CHEMICAL 
CHAINS
A chemical chain of  a substance often influences and 
determines its mechanism of  action. In chemistry, a 
chemical chain is a series of  linked atoms that form a 
molecule, usually of  the organic but also the inorganic 
type. Different properties and reactions characterize the 
chemical chains according to structural shape. There are 
closed-ring chains where the atoms in a molecule form 
a closed loop, which, consequently, is often a stable and 
scarcely reactive chemical; long-chains with relatively long 
bindings of  atoms in the same molecule; and open chains 
ending with an open binding which may interact actively 
with atoms of  various molecules. In addition, chemical 
chains spatially build the geometrical aggregation of  con-
stituent elements of  a molecule that take part in isomeric 
substance composition. Often, more than one reaction 
is possible given the same starting materials. The reac-
tions may differ in their stoichiometry according to the 
number and atomic concentrations of  the molecules, as 
well as the substrates that are prevailing. So, a chemical 
atom may react actively with another to give a specific 
compound if  a different atom is not present, while the 

same atom may react differently in the presence of  other 
atoms, choosing to form a compound which differs from 
that of  the chemical reaction performed in the absence 
of  other atoms. There is evidence that the knowledge 
of  these properties of  chemical binding will contribute 
to better understanding the damaging mechanism of  
tobacco compounds, including primarily nicotine and its 
metabolites[11] and carbon monoxide. These substances 
may react differently according to their affinity towards 
environmental substrates and, consequently, determine 
various levels or type of  individual responses.

NICOTINE AND ITS METABOLITES
Chemistry and pharmacodynamics
Nicotine is a natural alkaloid[12] obtained from the dried 
leaves and stems of  tobacco plants. Chemically, the alka-
loid has a basic charge which is responsible for the mech-
anisms of  chemical reaction. Nicotine concentration in 
the tobacco plant ranges from 0.5% to 8%.

Nicotine has always been identified as the most pow-
erful toxin of  cigarette smoking since its harmful action, 
either functionally or structurally, can be widely demon-
strated at a relative low concentration in both clinical and 
experimental findings involving all body organs. Nicotine 
biosynthesis takes place in the roots of  the tobacco plant. 
Then, it accumulates in the leaves, the particular shape of  
which is a basic factor for the harvesting and extraction 
of  the alkaloid. After manufacturing, each cigarette may 
reach nicotine concentrations from 1.5 to 2.5 mg. How-
ever, not all of  the smoked substance enters the blood, 
which is, in any case, damaged by absorbed nicotine[13].

Chemistry
The chemical formula of  nicotine is C10H14N2, equiva-
lent to 3 (1-Methyl-2-pyrrolidinyl) pyridine. Its spatial 
shape (Figure 1) shows two chains, one closed chain and 
one open chain with an N reactive atom. This structure 
is basic to understanding some chemical properties, like 
nicotine addiction and toxicity, since it permits identifica-
tion of  two types of  spatial aggregation of  those constit-
uents taking part in nicotine composition[13]: nicotineS (-) 
isomer and nicotineS (+) isomer. NicotineS (-) isomer is 
the main nicotine isomer[11], tasted as pleasant in cigarette 

11 February 9, 2012|Volume 1|Issue 1|WJP|www.wjgnet.com

H

N

Figure 1  Chemical formula of nicotine. One can see that the molecule is 
formed by a closed chain with a binding to an open chain. The latter has an N 
reactive atom. Open chain is responsible for major chemical reactions of the 
molecule.



by smokers but not by non-smokers, whereas the nico-
tineS (+) isomer is unpleasant for both smokers and non-
smokers. This chemical composition helps to explain the 
reason for the bad taste for the smoker who starts smok-
ing, even if  it changes rapidly when pleasant nicotineS (-) 
isomer utilizes its effect. There is evidence that tobacco 
manufacturing industries try to reinforce the response 
linked to nicotineS (-) isomer.

Nicotine is a hygroscopic liquid miscible in its basic 
charge with water. This property makes the alkaloid dif-
fusible on the whole tobacco leaf  so that harvesting to-
bacco leaves fills up with the greatest amount of  nicotine. 
Its chemical formula of  a nitrogenous base permits an 
interaction between nicotine and acid compounds, form-
ing salts usually soluble in water and, consequently diffus-
ible, some of  these characterized by high toxicity.

Pharmacodynamics and metabolism 
Absorption of  nicotine by individuals occurs very quickly 
through several tissues of  the body. The oral cavity ab-
sorbs from 4% to 45% of  the total dose[14]. In addition, 
as nicotine enters the body[15], it reaches the blood, acting 
on specific receptors. Nicotine-acetylcholine receptors 
that feel the level of  blood nicotine concentration are de-
puted to permit the biochemical action of  the alkaloid. In 
the presence of  low concentrations of  nicotine, the activ-
ity of  nicotine-acetylcholine receptors increases, whereas 
high concentrations inhibit receptor activity. Therefore, 
different pharmacological responses to nicotine may 
be seen, from stimulant to depressant effects, on those 
structures involved in alkaloid activity.

Nicotine effects are mediated through the interaction 
with the sympathetic system, catecholamine release, en-
dothelial function and metabolic profile of  the individu-
als[1,16-20]. 

Nicotine exerts direct and repeated effects on the 
sympathetic system which are, initially, transient and 
stimulant, but, in the long run, they become of  depres-
sant type with severe functional and structural changes in 
those organs involved with the nicotine action. For the 
heart and blood vessels, there is evidence that nicotine 
triggers cardiovascular responses through sympathetic 
stimulation and direct and mediated catecholamine re-
lease[17,20]. In addition, nicotine specifically stimulates 
release of  norepinephrine from the hypothalamus and 
antidiuretic hormone from the pituitary gland[21], as well 
as chemoreceptors in the carotid arteries[22], triggering 
different reflexes, which may lead to multiple adverse re-
sponses.

Liver, kidney, lung and oral mucosa are those body 
organs involved in regulating nicotine metabolism which 
damages the cardiovascular system and endocrine glands.

Metabolites of  nicotine, the main one of  which is 
cotinine, need to be highlighted since they permit analysis 
of  follow-up studies on selected populations of  smok-
ers, more for their toxicity which is similar to that of  
nicotine. Nevertheless, differences exist between nicotine 
and its metabolites regarding the mechanism of  action. 

Nicotine usually acts more rapidly and therefore may be 
dosed earlier in biological liquids. On the other hand, 
chronic toxicity is better estimated by dosing cotinine in 
biological liquids. Large-scale trials assessing the results 
of  antismoking campaigns dose urinary cotinine. Indeed, 
it is less expensive than nicotine[23,24]. Similar to nicotine, 
cotinine is also mainly metabolized in the liver.

CARBON MONOXIDE
Carbon monoxide is a gas with the highest toxicity, de-
pending mainly on concentrations in the environment 
and body organs. This chemical is not contained in the 
fresh leaf  of  tobacco but produced by a chemical reac-
tion, characterized by decomposition in the burned cone 
of  a cigarette between environmental oxygen and the 
paper of  the smoked cigarette. Carbon monoxide derived 
from a single smoked cigarette reaches small concentra-
tions which can acutely induce functional but transient 
responses, particularly in the lungs and cardiovascular 
system, whereas dated chronic smoking often causes ir-
reversible alterations. However, carbon monoxide alone 
from tobacco smoke may be considered, chronically, a 
potentially silent killer even if  different levels of  carboxy-
hemoglobin are reached after acute smoke exposure[25].

Chemistry and toxicology
Carbon monoxide is a colorless, odorless and tasteless 
gas with high and potentially lethal toxicity. The blood 
level of  the gas regulates toxic responses.

The chemical formula of  the gas is CO, a diatomic 
molecule with binding of  two atoms, carbon and oxy-
gen[13]. Spatially, carbon monoxide outlines a diatomic 
linear chain which permits an easy dissociation and, con-
sequently, re-composition in atoms of  carbon and oxygen 
able to react again together or with other atoms originat-
ing from several different compounds. In addition, new 
linking with substances with major chemical affinity, such 
as hemoglobin, may occur. Usually, carbon monoxide is 
less dense than air and, therefore, is capable of  spreading 
out more quickly. It is also soluble in water and burns in 
air, producing carbon dioxide, a metabolite largely dif-
fused in the environment and the end-point of  catabolic 
reactions associated with intracellular respiratory metabo-
lism.

However, a little amount of  carbon monoxide in a 
concentration not harmful for life arises spontaneously 
into the body through a chemical reaction involving heme 
and an enzyme named heme-oxygenase. Heme is an iron 
component of  hemoglobin, a molecule strongly reactive 
with carbon monoxide.

The toxicity of  carbon monoxide produced by cigarette 
smoking recognizes several complex reactions consisting of  
oxygen removal from hemoglobin and its replacement with 
carbon monoxide, formation of  carboxyhemoglobin, tis-
sue hypoxia and impairment of  cellular metabolism. These 
mechanisms are the result of  carboxyhemoglobin produc-
tion, but carbon monoxide also acts directly, depending on 
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its chemical molecule, to morphologically damage the heart 
and blood vessels[26-31]. 

THIOCYANATE
Thiocyanate is the third chemical of  tobacco smoke that 
exerts adverse cardiovascular effects with consequent in-
creased damage caused by nicotine and carbon monoxide.

The substance is largely diffused in nature in plants of  
the genus Brassica (cabbages) and is also a component of  
biological liquids like blood, saliva and urine. In addition, 
it reacts at different steps of  body metabolism[32-34], in-
cluding mainly iodine metabolism. Thiocyanate develops 
in the vapour phase of  tobacco smoke, acting particularly 
as a compound able to reinforce chronic damage derived 
from tobacco smoke.

Chemistry
Thiocyanate is a colorless, odorless crystalline powder 
with a chemical formula that may vary according to the 
salt linked with its structure. Spatially, the basic chemical 
structure of  thiocyanate is shown in Figure 2. It shows 
that there can be variability in the type of  salt which 
bonds the thiocyanate main chain, usually K or Na, and is 
free binding, able to react with several other molecules[35].

Toxicity
The main metabolites of  thiocyanate formed in the body 
have high toxicity, primarily hydrogen cyanide. How-
ever, the metabolite concentration in the vapor phase of  
smoking usually does not reach values acutely harmful 
for the individual’s life. When cyanide enters the blood, 
it forms a stable complex with enzymatic chains, par-
ticularly with those cytocrome oxidases involved in the 
synthesis of  adenosine triphosphate (ATP). The result of  
the chemical reaction is a reduced ATP synthesis which 
causes problems of  intracellular respiratory chains and 
different degrees of  hypoxia. Therefore, thiocyanate in-
creases the hypoxia due to carbon monoxide and nicotine 
from smoking. There is evidence that a deep interaction 
exists among the main chemical compounds of  smoke to 
cause damage of  heart and blood vessels[36].

AROMATIC AMINES 
Aromatic amines are chemical compounds with a chemi-
cal formula (Figure 3) containing one or more closed 
benzene rings added to aromatic constituents like NH2, 
NH or other nitrogen groups. These classes of  chemi-
cals, largely concentrated and diffused into the environ-

ment from burned tobacco, exert mainly carcinogenic 
effects[1,37], even if  morphological alterations of  heart and 
blood vessels have been described. However, their toxic 
effect on blood pressure is still to be demonstrated.

FACTORS REGULATING BLOOD 
PRESSURE
There are four main factors that regulate blood pressure; 
in their turn, they are influenced by a large number of  
physiological and pathological responses that determine 
the level of  blood pressure. Tables 1 and 2 summarize 
the main influencing events.

Blood pressure regulation is under the control of  
cardiac inotropism, arterial resistance, blood volume and 
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Figure 2  Chemical formula of thiocyanate. There is evidence that the toxin 
has a free binding able to react chemically with other molecules to reinforce 
adverse cardiovascular effects. SCN: Seattle community network.

Table 1  Factors involved in blood pressure control

Factors Controlled parameters

Cardiac inotropism Heart rate, cardiac output
Arterial resistance Arterial stiffness, arterial vasoconstriction,

arterial dilation, endothelial function,
anatomical structure of the arteries

Blood volume Salt uptake
Blood viscosity Red blood cell numbers

Table 2  Main factors influencing those parameters that 
regulate blood pressure

Factors Influenced parameter

Dietary factors 
   Salt intake-sodium, potassium
   Calcium, magnesium Blood flow and volume
   Vegetarian diet, alcohol
Bio-humoral and hormonal factors 
   Angiotensin 
   Vasopressin Arterial wall
   Vasodilators Blood flow and volume
   Vasoconstrictors Arterial resistance  
   Catecholamines  
Neural factors
   Central nervous system
   Sympathetic system Sympathetic stimulation

Catecholamine release
Genetic and metabolic factors Glucose and lipid metabolism

Genetic code
Lifestyle Preventive measures 

Figure 3  Benzene ring completed by an amine group, like in aniline. 
The group NH2 may be changed by different nitrogen groups to form different 
classes of aromatic amines.

NH2
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viscosity or thickness of  circulating fluid. These factors 
cause blood pressure levels as a result of  a meeting or 
engagement between different types of  lifestyle and a 
genetic code, characteristics of  a single individual or his 
family. The result may be a normal blood pressure level 
or changes in blood pressure, even in the absence of  
identifiable triggering causes. This concept of  a different 
distribution of  blood pressure values within populations 
as well as establishing the appearance of  complications 
related to abnormal blood pressure is a basic point of  
preventive antihypertensive measures[38]. 

Cardiac inotropism, usually evaluated by assessment 
of  the amount of  blood pumped out in every single 
beat by the heart, regulates cardiac output, which is the 
result of  the heart rate multiplied by the number of  each 
cardiac systole. As one can easily deduce, this regulating 
parameter of  blood pressure may often be influenced by 
several factors and, therefore, it is difficult to maintain 
stable levels.

Arterial resistance plays a strong role in the control of  
blood pressure. There is evidence that increased arterial 
stiffness[39], which is a parameter strongly influenced by 
smoking compounds, causes adverse effects on arterial 
elasticity. Stefanidis and co-workers[39] investigated aortic 
elasticity in 48 male patients, most of  whom had coro-
nary heart disease. By means of  a sonometric catheter, 
they measured the diameter of  the aorta while simulta-
neously determining arterial blood pressure at the same 
location. Increased aortic stiffness, strongly influenced by 
exposure to passive smoking, with consequent reduction 
in aortic elasticity, augmented left ventricular afterload 
and impaired left ventricular function. Vasoconstriction 
in systemic arteries, caused by tobacco smoke[40,41], in the 
presence of  a stiffer aorta necessarily also worsens myo-
cardial ischemia in individuals suffering from ischemic 
heart disease and among those with hypertension whose 
aortic elasticity is already compromised. Endothelial 
function is a basic parameter able to control blood pres-
sure, functionally or morphologically. An excellent paper 
by Deedwania[42] specifically analyses the role and signifi-
cance of  endothelium, stressing the importance of  this 
structure as a new target for cardiovascular therapeutics. 
It has been well established that vascular endothelium has 
a pivotal role in maintaining vascular tone. In addition, 
endothelial dysfunction is an early marker of  impend-
ing atherosclerosis, also induced by smoke compounds 
and strongly related to hypertension[43-46]. By its chemical 
compounds, endothelium modulates artery dilation under 
normal conditions.

The patent arterial lumen, with its cylinder shape that 
progressively reduces the caliber along the entire length 
from the origin to the end, determines a different degree 
of  resistance to blood flow. Blood flow resistance is low-
er at the origin of  the arterial vessel[47] while increasing 
significantly at the end. 

Finally, blood flow and viscosity change their power 
in the control of  blood pressure according to a large 
number of  factors[1], depending on their capacities of  in-
fluencing the cardiovascular system.

The above parameters are significantly changed by 
a large number of  factors that stimulate or reduce their 
activity. The main factors which influence the param-
eters regulating blood pressure may be classified into 
five groups: dietary factors, bio-humoral and hormonal 
factors, neural factors, genetic and metabolic factors and 
factors associated with lifestyle. Table 2 analyzes the most 
important of  them. 

Salt intake strongly influences blood pressure by in-
volving several mechanisms like blood flow and volume, 
kidney function and acid-basic balance[48-51]. Smoking 
compounds exert little or no effects directly on these 
parameters, although indirectly their effect is mediated by 
those changes induced by neuro-humoral stimulation[52].

Among bio-humoral factors, angiotensin and renin-
angiotensin-aldactone are primarily associated with devel-
opment of  hypertension, either through isolated or com-
bined activity with other structures, like the sympathetic 
system and catecholamine release that are stimulated by 
the renin system.

Angiotensin[53-56] is one of  the major stressing sub-
stances at any vascular district, increasing vascular tone 
and consequently arterial resistance. Plasma angiotensin 
levels are increased by several hormones, like plasma 
corticosteroids, estrogens, thyroid hormone concentra-
tions as well as its metabolite Angiotensin Ⅱ, which is 
the most potent pressor known. Among the angiotensin 
family, which has several compounds like angiotensin Ⅰ, 
Ⅱ, Ⅲ and Ⅳ, differing in both type and number of  
constituents of  amino-acids, angiotensin Ⅱ is of  great 
importance to vascular tone control, particularly for cor-
onary circulation. Studies[57-61] concluded that angiotensin 
Ⅱ is one of  the most potent substances for increasing 
vascular tone and arterial resistance by a direct action on 
the arterial wall mediated by angiotensin Ⅱ receptors. In 
addition, a significant increase in myocardial oxygen con-
sumption exists because of  increased heart rate, systemic 
blood pressure and left ventricular wall stress. There is 
clear evidence that a close and complex interaction links 
angiotensin Ⅱ to the responses of  other factors that 
modulate vascular tone, whether they exert vasoconstric-
tor or vasodilator effects[62]. Sympathetic stimulation also 
correlates its effects with angiotensin Ⅱ, strongly rein-
forcing their power[63]. 

A large number of  substances with vasoconstrictor 
effects, like vasopressin or some prostaglandins and vaso-
dilator effects like nitric oxide or relaxing factors, directly 
or indirectly regulate vascular tone causing increased or 
lowered blood pressure, respectively[64-70].

Some observations on the effects of  the sympathetic 
nervous system and catecholamine release are as follows.

The role of  these structures for blood pressure con-
trol seems to be limited to a short time, whereas the kid-
neys have a long-time control[71]. 

Indeed, the major hypothesis for the development of  
rising blood pressure involves the kidney with an abnor-
mal excretory function[72]. However, cigarette smoking 
poorly influences this mechanism of  blood pressure con-
trol.
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Increased sympathetic nervous system activity has 
been identified as a factor able to adversely influence 
renal excretory function and smoking has been recog-
nized as exerting a strong action on the sympathetic sys-
tem[1,73-75].

In turn, sympathetic activity triggers a wide number 
of  endocrine responses capable of  inducing a short-
term increase in blood pressure followed by a long-term 
increase[76-78]. In addition, there is evidence that the inter-
action between sympathetic stimulation and endocrine 
metabolism influences renal function, determining renal 
vasoconstriction and, therefore, reduced renal excretion 
(Figure 4).

The increased sympathetic activity determines a ma-
jor renal tubular absorption of  sodium and, therefore, 
sodium retention. In addition, decreased renal blood flow 
and glomerular filtration rate as a consequence of  vaso-
constriction, increases renal vascular resistance and, finally, 
stimulation of  the renin-angiotensin-aldosterone system 
with an increased renin release. That leads to major angio-
tensin production. The primary result of  these combined 
actions is a decrease in renal excretory function.

The sympathetic nervous system also stimulates aortic 
baroreceptors capable of  inducing an increase in blood 
pressure.

Catecholamines induce a sympathetic response[75-79]. 
There are several catecholamines: epinephrine primarily 
modulates those responses linked with acute stress be-
cause of  its prompt availability. On the other hand, nor-
epinephrine acts primarily as a neurotransmitter of  sym-
pathetic postganglionic neurons. In practice, epinephrine 
induces acutely elevated blood pressure that, chronically, 
norepinephrine release contributes to maintain. There-
fore, it is hard to establish whether rising blood pressure 
depends on one or the other hormone, explaining how 
the interpretation of  the regulation of  blood pressure 
linked to two hormones would be very complex. How-
ever, plasma concentrations of  epinephrine and norepi-
nephrine usually reflect adrenal medullary secretion and 
sympathetic nerve activity, respectively. Several factors re-
lated to exercise, mental stress, electrolyte balance, smok-
ing and age[77,78] can stimulate the feed-back mechanism 
of  catecholamine production, metabolism, uptake and 
excretion.

A third catecholamine, dopamine, the immediate met-
abolic precursor of  norepinephrine, exerts sympathetic 
activity[79].

The effects of  catecholamine release, primarily epi-
nephrine, are very quick if  compared with hormonal 
activity of  other endocrine glands. Therefore, changes in 
target organ function may occur acutely after exposure to 
a standard stimulus, such as smoking a cigarette or pas-
sive exposure[80-82]. 

The effects of  catecholamine release depend strictly 
on the type of  catecholamine adrenoreceptor involved. 
Two types of  adrenoreceptors play a strong role in 
modulating catecholamine response: α-adrenoreceptors 
and β-adrenoreceptors. Β-stimulation causes an in-
crease in heart rate and myocardial contractility, whereas 
α-stimulation is responsible for vasoconstriction. Nor-
epinephrine induces a rise in both systolic and diastolic 
blood pressure as a consequence of  increased vascular 
tone[79], while epinephrine usually acutely raises only 
systolic blood pressure. Finally, catecholamine release 
induces changes in lipid and glucose metabolism[1,10] with 
evident impact on blood pressure levels. There is clear 
evidence that tobacco smoke directly affects the meta-
bolic profile of  glucose and lipids[10,83,84].

In conclusion, a large number of  factors control or 
are involved in regulating blood pressure, determining 
changes in baseline values that are the result of  deep and 
complex interactions. External and modifiable stimuli, in-
cluding cigarette smoking, play a strong role in maintain-
ing blood pressure changes.

SMOKING COMPOUNDS AND BLOOD 
PRESSURE
Two groups of  individuals need to be identified to bet-
ter interpret how and why cigarette smoking influences 
blood pressure: active smokers and passive smokers. Past 
smokers may be included into one of  the two groups, de-
pending on when they quit smoking. 

Blood pressure in active smokers
Active smokers display blood pressure values which vary 
widely according to a great number of  individual, racial, 
social and lifestyle factors[85]. In addition, changes in 
blood pressure characterize the same smoker whether he 
was smoking a cigarette or not[8]. There is evidence that 
while a smoker smokes a cigarette, more elevated values 
than baseline measures in systolic blood pressure and 
heart rate are usually observed. This fact should prove 
that a smoking individual triggers transient but effective 
sympathetic responses, which acutely raise blood pressure 
levels. There is evidence that smoking is a chemical toxi-
cosis[86] able to cause both acute and chronic detrimental 
effects and, similar to toxic diseases, exerts a double 
mechanism of  acute damage which may be superimposed 
onto previous chronic damage caused by smoking itself.

Findings[87,88] documented that cigarette smoking in 
males was inversely related to systolic blood pressure, with 

15 February 9, 2012|Volume 1|Issue 1|WJP|www.wjgnet.com

Sympathetic nervous system

Increased catecholamine release

Renal vasoconstriction

Reduced renal excretion

Figure 4  Schematic graphic showing the mechanism by which the in-
teraction between sympathetic stimulation and endocrine response may 
alter kidney function.
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a reduction of  1.3 mmHg in 1.1% of  light smokers, 3.8 
mmHg in 3.1% of  moderate smokers and 4.6 mmHg in 
3.7% of  heavy smokers when smokers were compared 
with non-smokers. On the other hand, diastolic blood 
pressure did not seem to undergo these changes. Both 
western and oriental populations participated in these 
studies so that the observed response did not relate to ra-
cial factors and, moreover, reduction probably character-
ized mainly young smokers since not enough time elapsed 
from starting smoking. Consequently, vascular damage 
did not clearly appear. Epidemiological surveys[89-91] would 
confirm these results, identifying a lowering of  blood 
pressure in smokers compared to non-smokers, although 
the observations concern particularly young smokers 
and adolescents, frequently with loss in body weight. 
Therefore, unanimous opinions do not exist about that 
assessment. There is evidence, however, that chronic older 
smokers usually display elevated blood pressure[88,92,93]. 
The role of  active smoking on blood pressure is still being 
debated but evidence indicates that older smokers display 
systolic blood pressure values significantly higher than 
those experienced by systolic hypertension of  old age[94]. 

The different opinions about the behavior of  blood 
pressure in smokers may be explained by the phenom-
enon of  masking the damage as the result of  the com-
bined action of  nicotine and carbon monoxide on the 
vessel wall, as suggested by Leone[85] and Landini et al[95]. 
Nicotine, after an early and transient vasoconstriction 
with a consequent increase of  systolic blood pressure 
and heart rate, has vaso-paralytic effects followed by a de-
crease of  these two parameters. At the same time, carbon 
monoxide exerts its pathological action of  a structural 
type on the arterial wall resulting, within several years, 
in irreversibly anatomical damage of  the arteries with a 
steady increase in blood pressure. This is routinely ob-
served in older individuals who have been heavy smokers.

Hypertension exacerbates the cardiovascular risk thus 
previously thought to be linked only to cigarette smoke, 
with an obvious increased incidence of  stroke and coro-
nary artery disease which sometimes can pre-exist the 
hypertension. Ex-smokers show a progressive reduction 
in blood pressure levels only in the event that carbon 
monoxide has not arrived to determine irreversible dam-
age to the arterial wall. At this level, the damage[1,17,88] is 
also not tied to functional responses evoked by the vaso-
constriction due to activation of  the sympathetic nervous 
system, altered sensitivity of  the nicotine-receptors, circu-
lating catecholamines and vasoconstrictor endothelium-
mediators, including primarily endothelin.

Therefore, an acute rise in blood pressure observed 
while an individual is smoking a cigarette is due primarily 
to nicotine as a consequence of  sympathetic stimulation, 
while carbon monoxide chronically damages arterial wall, 
causing morphological lesions that, in time, become ir-
reversible and induce a change in arterial blood pressure 
with the appearance of  hypertension[88]. 

There is evidence that inter individual variability in 
blood pressure response in active smokers depends on a 
wide number of  factors, which exert their effects, time by 

time, prevailing one on the other according to anatomical 
and functional health status.

Blood pressure in passive smokers
Passive smoking causes blood pressure changes which 
are a result of  two main factors: type of  exposure and its 
duration.

Acute exposure usually causes a transient increase in 
systolic blood pressure[37] due to adrenergic and sympa-
thetic stimulation, as a heart rate increase also demon-
strates. These changes accompany transient endothelial 
dysfunction that is strongly related to passive smoking 
exposure, even in healthy people and it is the door to 
atherosclerotic lesions[43,96-98]. In addition, it is assumed 
that endothelial dysfunction has a strong association with 
hypertension[99]. Acute exposure to passive smoking does 
not initially cause morphological alterations of  the arterial 
wall. They are a result of  direct action of  carbon mon-
oxide on endothelial cells and platelets and will appear 
later, becoming responsible for the rise in blood pressure. 
However, when structural lesions induced by smoking 
appear, they do not differ from those caused by other 
factors that cause hypertensive disease or its complica-
tions, as well as those from pre-existing atherosclerotic 
diseases. Therefore, anatomically, one can observe the le-
sions of  the atherosclerosis and its complications, even in 
cases of  rising blood pressure.

In summary, blood pressure in passive smokers shows 
transient and acute increases followed by chronic lower-
ing in its values and, again, late increase when irreversible 
morphological alterations of  the arterial wall appear.

Clinical implications
The chemical structure of  smoking compounds influ-
ences the functional and pathological response of  hyper-
tensive individuals, although clinical implications depend 
primarily on the degree and severity of  cardiovascular 
damage.

Substantial evidence[95,100,101] indicates that hyperten-
sion associated with pleasure-loving habits, including cig-
arette smoking and alcohol consumption, tend to main-
tain or increase blood pressure and are also predictive of  
hypertension in normotensive individuals. Therefore, an 
incorrect lifestyle associated with hypertension certainly 
helps to damage body organs with a more elevated risk 
of  complications.

Among the body organs, heart and blood vessels, 
brain, kidney, eyes and genitals primarily feel the adverse 
effects caused by association of  smoking and hyperten-
sion.

Clinically, symptoms related to reduced coronary and 
cerebral perfusion dependent on vascular narrowing, of-
ten a high degree of  narrowing of  the coronary, cerebral 
and carotid artery can be demonstrated in hypertensive 
smokers with a rate significantly higher than those ob-
served in hypertensive non-smokers and former smok-
ers[95]. Therefore, ischemic chest pain, arrhythmias and 
late clinical signs due to congestive heart failure can be 
documented in hypertensive smokers[102-104]. 
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Clinically, the brain alterations consist of  transient 
ischemic attack, stroke and cognitive disorders, character-
ized by varying degree of  memory disturbances to vascu-
lar dementia[105,106].

The kidney normally responds with reduced glomeru-
lar filtration responsible for oliguria due to arterioloscle-
rotic narrowing of  resistance arteries[107]. Extreme com-
plications of  renal disorders can develop to chronic renal 
failure which, in a few cases, requires dialysis[108]. 

This colourful mosaic of  alterations that can be iso-
lated or variously combined with each other, lead to a 
range of  clinical, diagnostic and therapeutic implications 
in patients affected by the above pathological pictures, 
making it difficult to control. It follows that a correct 
approach to the pathological aspects that relate smoking 
and hypertension is far from being achieved and, there-
fore, all the innovative factors depending on findings that 
may help to clarify this phenomenon should be accepted 
and carefully evaluated. In this context, the most recent 
data on a possible mechanism of  damage related to the 
chemical structure of  compounds in cigarette smoking 
should be taken into account.

Eyes, sexual function and often calcium metabolism in 
bone, followed by osteoporosis or enhanced pre-existing 
osteoporosis in both women and men[109], may be altered 
as a result of  the combined action of  smoking and hyper-
tension with a development of  serious clinical implica-
tions requiring a close physician-patient interaction. 

Studies conducted to translate obtained data in differ-
ent findings to all populations worldwide do not always 
come to the expected results. That also characterizes 
large scale trials[110-114]. Therefore, evident discrepancies 
exist between research and clinical practice, so patients 
do not always get appropriate treatment for their disease. 
For example, it would seem useless to choose one drug 
over another if  the goal is to achieve a reduction in blood 
pressure which can be achieved with a different lifestyle 
and therapy.

Table 3 analyses the main clinical picture which may 
result from the combined action of  smoking and hyper-
tension. 

These observations suggest without doubt that a rou-
tine assessment of  smoking habits in patients suffering 

from hypertension is warranted in an attempt to avoid or 
reduce the rate of  serious pathological events.

CONCLUSION
In conclusion, a rise in blood pressure in smokers, al-
though there is no clear causal relationship between these 
two factors, depends on four main factors: the toxic ef-
fect of  smoking compounds on the arterial wall, sympa-
thetic stimulation, adrenergic stimulation and the spatial 
shape of  chemical chains that constitute smoking com-
pounds able to damage heart and blood vessels.

The toxic effect is primarily due to carbon monoxide 
that deeply alters arterial wall cells. Sympathetic and ad-
renergic stimulation mainly activated by nicotine and its 
metabolites trigger all those responses that characterize 
atherosclerotic progression.

Finally, the observations that chemical chains of  
smoking compounds, particularly nicotine, are more 
strongly reactive according to their spatial shape provide 
study material on a subject not yet well investigated but 
potentially of  positive impact. In my opinion, changing 
the molecular reactivity of  smoking compounds towards 
the production of  less toxic substances could open un-
expected positive results for a better control of  damage 
from smoking. 

REFERENCES
1	 Leone A. Biochemical markers of cardiovascular damage 

from tobacco smoke. Curr Pharm Des 2005; 11: 2199-2208
2	 Department of Health, Education and Welfare. Smoking 

and health: a report of the Surgeon General (DHEW Publica-
tion No. PHS-79-50066). Washington, DC: US Government 
Printing Office, 1979

3	 Royal College of Physicians. Smoking or health. London: 
Pitman Medical, 1977

4	 Edwards F, Mckeown T, Whitfield AG. Arterial pressure in 
men over sixty. Clin Sci 1959; 18: 289-300

5	 Master AM, Lasser RP, Jaffe HL. Blood pressure in white 
people over 65 years of age. Ann Intern Med 1958; 48: 284-299

6	 Leone A. Cardiovascular damage from smoking: a fact or 
belief? Int J Cardiol 1993; 38: 113-117

7	 Wells AJ. Passive smoking as a cause of heart disease. J Am 
Coll Cardiol 1994; 24: 546-554

8	 Glantz SA, Parmley WW. Passive smoking and heart dis-
ease. JAMA 1995; 273: 1047-1053

9	 Leone A. Cigarette smoking and health of the heart. J R Soc 
Health 1995; 115: 354-355

10	 Leone A. Relationship between cigarette smoking and other 
coronary risk factors in atherosclerosis: risk of cardiovascu-
lar disease and preventive measures. Curr Pharm Des 2003; 9: 
2417-2423

11	 Hummel T, Hummel C, Pauli E, Kobal G. Olfactory dis-
crimination of nicotine-enantiomers by smokers and non-
smokers. Chem Senses 1992; 17: 13-21

12	 Kice JL, Marvell EN. Modern principles of organic chemis-
try: An Introduction. 3rd ed. New York: Macmillan, 1967

13	 Leone A. Biochemistry of smoking compounds. In: Leone 
A, editor. Coronary circulation in nonsmokers and smokers. 
New York: Nova Science Pub Inc., 2008: 79-100

14	 Armitage AK, Turner DM. Absorption of nicotine in ciga-
rette and cigar smoke through the oral mucosa. Nature 1970; 
226: 1231-1232

15	 Armitage AK, Dollery CT, George CF, Houseman TH, Lewis 

Table 3  Main clinical involvement caused by smoking 
compounds

Body organ Clinical picture

Heart Coronary artery disease
Heart enlargement
Congestive heart failure

Brain Transient ischemic attack
Stroke
Cognitive decline

Kidney Arteriolosclerosis
Chronic renal failure

Eyes Artery vessel alterations
Genital system Sexual dysfunction
Bone Osteoporosis

Leone A. Smoking chemicals and blood pressure



18 February 9, 2012|Volume 1|Issue 1|WJP|www.wjgnet.com

PJ, Turner DM. Absorption and metabolism of nicotine from 
cigarettes. Br Med J 1975; 4: 313-316

16	 Glantz SA, Parmley WW. Passive smoking and heart dis-
ease. Epidemiology, physiology, and biochemistry. Circula-
tion 1991; 83: 1-12

17	 Benowitz NL, Jacob P, Jones RT, Rosenberg J. Interindividu-
al variability in the metabolism and cardiovascular effects of 
nicotine in man. J Pharmacol Exp Ther 1982; 221: 368-372

18	 Turner DM, Armitage AK, Briant RH, Dollery CT. Metabo-
lism of nicotine by the isolated perfused dog lung. Xenobi-
otica 1975; 5: 539-551

19	 Fielding JE, Phenow KJ. Health effects of involuntary smok-
ing. N Engl J Med 1988; 319: 1452-1460

20	 Ball K, Turner R. Smoking and the heart. The basis for ac-
tion. Lancet 1974; 2: 822-826

21	 Castro de Souza E, Rocha E Silva M. The release of vasopres-
sin by nicotine: further studies on its site of action. J Physiol 
1977; 265: 297-311

22	 Cohen AJ, Roe FJ. Monograph on the pharmacology and 
toxicology of nicotine. London: Tobacco Advisory Council, 
1981

23	 Greenberg RA, Haley NJ, Etzel RA, Loda FA. Measuring the 
exposure of infants to tobacco smoke. Nicotine and cotinine 
in urine and saliva. N Engl J Med 1984; 310: 1075-1078

24	 Strachan DP, Jarvis MJ, Feyerabend C. Passive smoking, 
salivary cotinine concentrations, and middle ear effusion in 
7 year old children. BMJ 1989; 298: 1549-1552

25	 Leone A, Mori L, Bertanelli F, Fabiano P, Filippelli M. Indoor 
passive smoking: its effect on cardiac performance. Int J Car-
diol 1991; 33: 247-251

26	 Horvath SM, Raven PB, Dahms TE, Gray DJ. Maximal aero-
bic capacity at different levels of carboxyhemoglobin. J Appl 
Physiol 1975; 38: 300-303

27	 Adams JD, Erickson HH, Stone HL. Myocardial metabolism 
during exposure to carbon monoxide in the conscious dog. J 
Appl Physiol 1973; 34: 238-242

28	 DeBias DA, Birkhead NC, Banerjee CM, Kazal LA, Holburn 
RR, Greene CH, Harrer WV, Rosenfeld LM, Menduke H, 
Williams N, Friedman MH. The effects of chronic exposure 
to carbon monoxide on the cardiovascular and hematologic 
systems in dogs with experimental myocardial infarction. Int 
Arch Arbeitsmed 1972; 29: 253-267

29	 Ehrich WE, Bellet S, Lewey FH. Cardiac changes from CO 
poisoning. Am J Med Sci 1944; 208: 511-523

30	 Musselman NP, Groff WA, Yevich PP, Wilinski FT, Weeks 
MH, Oberst FW. Continuous exposure of laboratory animals 
to low concentration of carbon monoxide. Aviat Space Envi-
ron Med 1959; 30: 524-529

31	 Astrup P. Some physiological and pathological effects of 
moderate carbon monoxide exposure. Br Med J 1972; 4: 
447-452

32	 Apple FS, Lowe MC, Googins MK, Kloss J. Serum thiocya-
nate concentrations in patients with normal or impaired 
renal function receiving nitroprusside. Clin Chem 1996; 42: 
1878-1879

33	 Jimenez de la Higuera A, Olea MF, Olea N, Jimenez F. De-
termination of serum thiocyanate in patients with thyroid 
disease using a modification of the Aldridge method. J Anal 
Toxicol 1994; 18: 58-59

34	 Olea F, Parras P. Determination of serum levels of dietary 
thiocyanate. J Anal Toxicol 1992; 16: 258-260

35	 Man S, Potáček M, Nečas M, Žák Z, Dostál J. Molecular 
and crystal structures of three berberine derivates. Molecules 
2001; 6: 433-441

36	 Leone A. Biochemical markers of passive smoking. In: Leone 
A, editor. Passive Smoking and Cardiovascular Pathology: 
Mechanisms and Physiopathological Basis of Damage. New 
York: Nova Science Pub Inc., 2007: 19-37

37	 Leone A, Giannini D, Bellotto C, Balbarini A. Passive smok-
ing and coronary heart disease. Curr Vasc Pharmacol 2004; 2: 

175-182
38	 Robertson JIS. Hypertension: primary and secondary pre-

vention. In: Julian DG, O’Neal Humphries J, editors. Preven-
tive Cardiology. London: Butterworths, 1983: 62-85

39	 Stefanadis C, Vlachopoulos C, Tsiamis E, Diamantopoulos L, 
Toutouzas K, Giatrakos N, Vaina S, Tsekoura D, Toutouzas P. 
Unfavorable effects of passive smoking on aortic function in 
men. Ann Intern Med 1998; 128: 426-434

40	 Moreyra AE, Lacy CR, Wilson AC, Kumar A, Kostis JB. 
Arterial blood nicotine concentration and coronary vasocon-
strictive effect of low-nicotine cigarette smoking. Am Heart J 
1992; 124: 392-397

41	 Quillen JE, Rossen JD, Oskarsson HJ, Minor RL, Lopez AG, 
Winniford MD. Acute effect of cigarette smoking on the 
coronary circulation: constriction of epicardial and resistance 
vessels. J Am Coll Cardiol 1993; 22: 642-647

42	 Deedwania PC. Endothelium: a new target for cardiovascu-
lar therapeutics. J Am Coll Cardiol 2000; 35: 67-70

43	 Davis JW, Shelton L, Watanabe IS, Arnold J. Passive smok-
ing affects endothelium and platelets. Arch Intern Med 1989; 
149: 386-389

44	 Vane JR, Anggård EE, Botting RM. Regulatory functions of 
the vascular endothelium. N Engl J Med 1990; 323: 27-36

45	 Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, 
Miller OI, Sullivan ID, Lloyd JK, Deanfield JE. Non-invasive 
detection of endothelial dysfunction in children and adults 
at risk of atherosclerosis. Lancet 1992; 340: 1111-1115

46	 Ghiadoni L, Taddei S, Virdis A, Sudano I, Di Legge V, 
Meola M, Di Venanzio L, Salvetti A. Endothelial function 
and common carotid artery wall thickening in patients with 
essential hypertension. Hypertension 1998; 32: 25-32

47	 Leone A. Anatomy of the coronary arteries. In: Leone A, edi-
tor. Coronary circulation in nonsmokers and smokers. New 
York: Nova Science Pub Inc., 2008: 1-20

48	 Brunner HR, Kirshman JD, Sealey JE, Laragh JH. Hyperten-
sion of renal origin: evidence for two different mechanisms. 
Science 1971; 174: 1344-1346

49	 Freis ED. Salt, volume and the prevention of hypertension. 
Circulation 1976; 53: 589-595

50	 Ithakissios DS, Kubiatowicz DO, Windorski DC, Wicks JH. 
Immune and non-immune T4 radioassays utilizing albumin 
magnetic microparticles. Clin Chim Acta 1978; 84: 69-84

51	 Gleibermann L. Blood pressure and dietary salt in human 
populations. Ecol Food Nutr 1973; 2: 143-156

52	 Castelli WP, Kannel WB, Mcgee DL. Latest perspectives on 
cigarette smoking and cardiovascular disease: the framing-
ham study. J Cardiac Rehabil 1984; 4: 267-277

53	 Regoli D, Park WK, Rioux F. Pharmacology of angiotensin. 
Pharmacol Rev 1974; 26: 69-123

54	 Davis JO, Freeman RH. Mechanisms regulating renin re-
lease. Physiol Rev 1976; 56: 1-56

55	 Ferrario CM, Gildenberg PL, McCubbin JW. Cardiovascular 
effects of angiotensin mediated by the central nervous sys-
tem. Circ Res 1972; 30: 257-262

56	 Britton S, Di Salvo J. Effects of angiotensin I and angiotensin 
II on hindlimb and coronary vascular resistance. Am J Physiol 
1973; 225: 1226-1231

57	 Fowler NO, Holmes JC. Coronary and myocardial actions of 
angiotensin. Circ Res 1964; 14: 191-201

58	 Drímal J, Pávek K, Selecký FV. Primary and secondary ef-
fects of angiotensin on the coronary circulation. Cardiologia 
1969; 54: 1-15

59	 Cohen MV, Kirk ES. Differential response of large and small 
coronary arteries to nitroglycerin and angiotensin. Auto-
regulation and tachyphylaxis. Circ Res 1973; 33: 445-453

60	 Catt KJ, Mendelsohn FA, Millan MA, Aguilera G. The role of 
angiotensin II receptors in vascular regulation. J Cardiovasc 
Pharmacol 1984; 6 Suppl 4: S575-S586

61	 Gunther S, Gimbrone MA, Alexander RW. Regulation by 
angiotensin II of its receptors in resistance blood vessels. Na-

Leone A. Smoking chemicals and blood pressure



19 February 9, 2012|Volume 1|Issue 1|WJP|www.wjgnet.com

ture 1980; 287: 230-232
62	 Griendling KK, Murphy TJ, Alexander RW. Molecular bi-

ology of the renin-angiotensin system. Circulation 1993; 87: 
1816-1828

63	 Hatton R, Clough DP, Adigun SA, Conway J. Functional 
interaction between angiotensin and sympathetic reflexes in 
cats. Clin Sci (Lond) 1982; 62: 51-56

64	 Nakano J. Cardiovascular actions of vasopressin. Jpn Circ J 
1973; 37: 363-381

65	 Khayyal MA, Eng C, Franzen D, Breall JA, Kirk ES. Effects 
of vasopressin on the coronary circulation: reserve and regu-
lation during ischemia. Am J Physiol 1985; 248: H516-H522

66	 Martín de Aguilera E, Vila JM, Irurzun A, Martínez MC, 
Martínez Cuesta MA, Lluch S. Endothelium-independent 
contractions of human cerebral arteries in response to vaso-
pressin. Stroke 1990; 21: 1689-1693

67	 Pullan PT, Johnston CI, Anderson WP, Korner PI. Plasma 
vasopressin in blood pressure homeostasis and in experi-
mental renal hypertension. Am J Physiol 1980; 239: H81-H87

68	 Vanhoutte PM, Mombouli JV. Vascular endothelium: vaso-
active mediators. Prog Cardiovasc Dis 1996; 39: 229-238

69	 Dusting GJ, Moncada S, Vane JR. Prostaglandins, their inter-
mediates and precursors: cardiovascular actions and regula-
tory roles in normal and abnormal circulatory systems. Prog 
Cardiovasc Dis 1979; 21: 405-430

70	 Needleman P, Kaley G. Cardiac and coronary prostaglandin 
synthesis and function. N Engl J Med 1978; 298: 1122-1128

71	 Cowley AW, Roman RJ. The role of the kidney in hyperten-
sion. JAMA 1996; 275: 1581-1589

72	 DiBona GF. Neural control of the kidney: past, present, and 
future. Hypertension 2003; 41: 621-624

73	 Baer L, Radichevich I. Cigarette smoking in hypertensive 
patients. Blood pressure and endocrine responses. Am J Med 
1985; 78: 564-568

74	 Heistad DD, Armstrong ML, Marcus ML, Piegors DJ, Mark 
AL. Augmented responses to vasoconstrictor stimuli in hy-
percholesterolemic and atherosclerotic monkeys. Circ Res 
1984; 54: 711-718

75	 Watts DT. The effects of nicotine and smoking on the secre-
tion of epinephrine. Ann NY Acad Sci 1960; 90: 74-80

76	 Axelrod J. The metabolism, storage, and release of catechol-
amines. Recent Prog Horm Res 1965; 21: 597-622

77	 Chalmers JP, West MJ. The nervous system in the patho-
genesis of hypertension. In: Robertson JIS, editor. Handbook 
of hypertension. Clinical aspects of essential hypertension. 
Amsterdam: Elsevier Science Ltd., 1983: 64-96

78	 Calaresu FR, Yardley CP. Medullary basal sympathetic tone. 
Annu Rev Physiol 1988; 50: 511-524

79	 Leone A. Humoral and metabolic regulation of coronary 
circulation. In: Leone A, editor. Coronary circulation in non-
smokers and smokers. New York: Nova Science Pub Inc., 
2008: 43-60

80	 Schievelbein H, Richter F. The influence of passive smoking 
on the cardiovascular system. Prev Med 1984; 13: 626-644

81	 Glantz SA. Air pollution as a cause of heart disease. Time 
for action. J Am Coll Cardiol 2002; 39: 943-945

82	 Pope CA, Eatough DJ, Gold DR, Pang Y, Nielsen KR, Nath 
P, Verrier RL, Kanner RE. Acute exposure to environmental 
tobacco smoke and heart rate variability. Environ Health Per-
spect 2001; 109: 711-716

83	 Craig WY, Palomaki GE, Haddow JE. Cigarette smoking and 
serum lipid and lipoprotein concentrations: an analysis of 
published data. BMJ 1989; 298: 784-788

84	 Pedersen TR. Lowering cholesterol with drugs and diet. N 
Engl J Med 1995; 333: 1350-1351

85	 Leone A. Does Smoking Act as a Friend or Enemy of Blood 
Pressure? Let Release Pandora’s Box. Cardiol Res Pract 2011; 
2011: 264894

86	 Leone A, Landini L, Leone A. What is tobacco smoke? Socio-
cultural dimensions of the association with cardiovascular 

risk. Curr Pharm Des 2010; 16: 2510-2517
87	 Hughes K, Leong WP, Sothy SP, Lun KC, Yeo PP. Relation-

ships between cigarette smoking, blood pressure and serum 
lipids in the Singapore general population. Int J Epidemiol 
1993; 22: 637-643

88	 Leone A, Lopez M, Picerno G. [Role of smoking in deter-
mining coronary heart disease. Hypothesis on the possible 
mechanism of myocardial damage]. Minerva Cardioangiol 
1984; 32: 435-439

89	 Gordon T, Kannel WB. Multiple risk functions for predicting 
coronary heart disease: the concept, accuracy, and applica-
tion. Am Heart J 1982; 103: 1031-1039

90	 Karvonen M, Orma E, Keys A, Fidanza F, Brozek J. Cigarette 
smoking, serum-cholesterol, blood-pressure, and body fat-
ness; observations in Finland. Lancet 1959; 1: 492-494

91	 Ballantyne D, Devine BL, Fife R. Interrelation of age, obe-
sity, cigarette smoking, and blood pressure in hypertensive 
patients. Br Med J 1978; 1: 880-881

92	 Trap-Jensen J. Effects of smoking on the heart and periph-
eral circulation. Am Heart J 1988; 115: 263-267

93	 Su C. Actions of nicotine and smoking on circulation. Phar-
macol Ther 1982; 17: 129-141

94	 Leone A. Interactive effect of combined exposure to active 
and passive smoking on cardiovascular system. Recent Pat 
Cardiovasc Drug Discov 2011; 6: 61-69

95	 Landini L, Leone A. Smoking and hypertension: effects on 
clinical, biochemical and pathological variables due to isolat-
ed or combined action on cardiovascular system. Curr Pharm 
Des 2011; 17: 2987-3001

96	 Celermajer DS, Sorensen KE, Georgakopoulos D, Bull C, 
Thomas O, Robinson J, Deanfield JE. Cigarette smoking is as-
sociated with dose-related and potentially reversible impair-
ment of endothelium-dependent dilation in healthy young 
adults. Circulation 1993; 88: 2149-2155

97	 Desideri G, Ferri C. Endothelial activation. Sliding door to 
atherosclerosis. Curr Pharm Des 2005; 11: 2163-2175

98	 Barnoya J, Glantz SA. Cardiovascular effects of secondhand 
smoke: nearly as large as smoking. Circulation 2005; 111: 
2684-2698

99	 Panza JA, Quyyumi AA, Brush JE, Epstein SE. Abnormal 
endothelium-dependent vascular relaxation in patients with 
essential hypertension. N Engl J Med 1990; 323: 22-27

100	 Leone A. Smoking and hypertension: independent or addi-
tive effects to determining vascular damage? Curr Vasc Phar-
macol 2011; 9: 585-593

101	 Miller PM, Anton RF, Egan BM, Basile J, Nguyen SA. Exces-
sive alcohol consumption and hypertension: clinical implica-
tions of current research. J Clin Hypertens (Greenwich) 2005; 7: 
346-351

102	 Aronow WS. Effect of passive smoking on angina pectoris. 
N Engl J Med 1978; 299: 21-24

103	 Marius-Nunez AL. Myocardial infarction with normal coro-
nary arteries after acute exposure to carbon monoxide. Chest 
1990; 97: 491-494

104	 Leone A. Passive smoking causes cardiac alterations in post-
MI subjects. Int J Smoking Cessation 1996; 3: 42-43

105	 Reinprecht F, Elmståhl S, Janzon L, André-Petersson L. Hy-
pertension and changes of cognitive function in 81-year-old 
men: a 13-year follow-up of the population study “Men born 
in 1914”, Sweden. J Hypertens 2003; 21: 57-66

106	 Bonita R, Duncan J, Truelsen T, Jackson RT, Beaglehole R. 
Passive smoking as well as active smoking increases the risk 
of acute stroke. Tob Control 1999; 8: 156-160

107	 Freedman BI, Iskandar SS, Appel RG. The link between 
hypertension and nephrosclerosis. Am J Kidney Dis 1995; 25: 
207-221

108	 Fabbian F, Cantelli S, Molino C, Pala M, Longhini C. Dialy-
sis initiation and survival in patients with refractory conges-
tive heart failure. Int J Artif Organs 2009; 32: 492-495

109	 Seeman E, Melton LJ, O’Fallon WM, Riggs BL. Risk factors 

Leone A. Smoking chemicals and blood pressure



20 February 9, 2012|Volume 1|Issue 1|WJP|www.wjgnet.com

for spinal osteoporosis in men. Am J Med 1983; 75: 977-983
110	 ALLHAT officers and coordinators for the ALLHAT col-

laborative research group. Major outcomes in high-risk 
hypertensive patients randomized to angiotensin-converting 
enzyme inhibitor or calcium channel blocker vs diuretic: The 
Antihypertensive and Lipid-Lowering Treatment to Prevent 
Heart Attack Trial (ALLHAT). JAMA 2002; 288: 2981-2997

111	 Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais 
G. Effects of an angiotensin-converting-enzyme inhibitor, 
ramipril, on cardiovascular events in high-risk patients. The 
Heart Outcomes Prevention Evaluation Study Investigators. 

N Engl J Med 2000; 342: 145-153
112	 Nadar S, Lim HS, Lip GY. Implications of the LIFE trial. Ex-

pert Opin Investig Drugs 2003; 12: 871-877
113	 Progress collaborative group. Randomised trial of a perin-

dopril-based blood-pressure-lowering regimen among 6,105 
individuals with previous stroke or transient ischaemic at-
tack. Lancet 2001; 358: 1033-1041

114	 van Gijn J. The Progress Trial: preventing strokes by low-
ering blood pressure in patients with cerebral ischemia. 
Emerging therapies: critique of an important advance. Stroke 
2002; 33: 319-320

S- Editor  Wang JL    L- Editor  Roemmele A    E- Editor  Zheng XM

Leone A. Smoking chemicals and blood pressure



Online Submissions: http://www.wjgnet.com/2220-3192office
wjpharmaco@wjgnet.com
doi:10.5497/wjp.v1.i1.21

World J Pharmacol 2012 February 9; 1(1): 21-29
ISSN 2220-3192 (online)

© 2012 Baishideng. All rights reserved.

World Journal of 
PharmacologyW J P

Models for depression in drug screening and preclinical 
studies: Future directions

Franco Borsini

Franco Borsini, Central and Peripheral Nervous System and 
General Pharmacology Area - R&D, Sigma-tau SpA, Socio Uni-
co, Via Pontina Km 30400, 00040 Pomezia, Italy 
Author contributions: Borsini F solely contributed to this paper.
Correspondence to: Franco Borsini, Central and Peripheral 
Nervous System and General Pharmacology Area - R&D, Sigma-
tau SpA, Socio Unico, Via Pontina Km 30400, 00040 Pomezia, 
Italy. franco.borsini@sigma-tau.it
Telephone: +39-6-91393325  Fax: +39-6-91393988
Received: June 9, 2011  Revised: October 21, 2011	
Accepted: December 20, 2011 
Published online: February 9, 2012

Abstract
The basic consideration in the field of antidepressants 
is that tests to model depression do not exist, as de-
pression etiopathology is unknown. So far, any kind 
of proposed model for depression needs to satisfy 
construct, face and predictive validities. In the present 
editorial, this idea is challenged, based on the fact that 
“old” methods can only reveal therapeutical “me-too” 
drugs and that there is no longer a need of therapeu-
tical “me-too” drugs in the field of antidepressants. 
Since reduction in the number of antidepressant non-
responders is a real medical need, the predictive valid-
ity of animal models will be challenged in the future, as 
the new methods should be based on antidepressant-
insensitive animals. Moreover, antidepressants exert 
similar effects in depressed and non-depressed sub-
jects, but mood normalization is only induced in de-
pressed patients. This implies that the use of normal 
cells and animals only involves pharmacological rather 
than therapeutical actions of drugs. Therefore, the use 
of environmental-induced changes, in the hope that 
these can evidence antidepressant-insensitive animals, 
will predominantly be used in the future. In the choice 
of experimental settings, other factors need to be 
taken into consideration: (1) gender of animals, as de-
pression affects females more than males, (2) natural 

rhythmicity in drug effects; (3) pharmacokinetics; and 
(4) possible biomarker(s) to be measured. There are no 
golden recipes to discover new antidepressants but the 
experimental long-term strategy should very clearly be 
declared before starting the experiments.

© 2012 Baishideng. All rights reserved.

Key words: Antidepressants; Animal models; Biomark-
ers; Predictive validity; Stress; Gender; Variability

Peer reviewer: Rajkumar Ramamoorthy, Postdoctoral Fellow, 
PhD, Department of Pharmacology, Yong Loo Ling School of 
Medicine, Neurobiology and Ageing Programme, Level 4, Centre 
for Life Sciences, 28 Medical Drive, National University of Sin-
gapore, Singapore 117456, Singapore

Borsini F. Models for depression in drug screening and preclini-
cal studies: Future directions. World J Pharmacol 2012; 1(1): 
21-29  Available from: URL: http://www.wjgnet.com/2220-3192/
full/v1/i1/21.htm  DOI: http://dx.doi.org/10.5497/wjp.v1.i1.21

PREMISE
Despite the many results published on various mecha-
nisms of  action elicited by various compounds or herbal 
extracts in preclinical settings, which might suggest new 
potential antidepressant actions, well-established thera-
peutical antidepressant activity of  drugs only derives 
from placebo-controlled, double-blind, randomized 
clinical phase Ⅲ results. Such clinical results also need to 
include long-term antidepressant benefit, where efficacy 
is also retained during maintenance treatment. Based 
on the efficacy of  short- and long-term clinical phase 
Ⅲ trials, regulatory authorities give the authorization to 
commercialize the new medicine. There are several mar-
keted antidepressants: i.e. tricyclics, monoamino-oxidase 
inhibitors and selective or mixed monoamine (serotonin, 
noradrenaline or/and dopamine) reuptake inhibitors. 
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The richness of  such armamentarium is very important 
because physicians may choose a particular drug with 
a more tolerable profile for a particular patient, above 
all when severe comorbidity is present. Electroshock 
therapy is also considered to treat depression[1], mainly in 
drug-resistance cases[2]. In this editorial, only those drugs 
with approved labeling as antidepressants will be consid-
ered as efficacious medicines. In fact, some compounds 
that had shown some efficacy in preclinical and early 
clinical studies may not confirm their activity in larger 
clinical trials, or have been in clinical studies for too 
long, casting some doubts on their therapeutical benefit 
and/or safety window, as in the case of  NK-1 (TAK-637; 
L733060[3]; MK869[4] or GR (mifeprisone), CRH1 
(R121919; ORG34517; and NBI34041, SB723620), V1b 
(SSR149415) antagonists[3]. So, despite the initial scien-
tific excitement, no compound that interferes with the 
stress system and that showed antidepressant-like activity 
in animals, exerted consistent antidepressant activity in 
humans[3]. Furthermore, the 5-HT1A receptor agonists 
gepirone, ipsapirone, flesinoxan and flibanserin[3,5-8], the 
peptide analog of  melanocyte-inhibiting factor nemifit-
ide[9] or the triple monoamine uptake inhibitor NS2359, 
as reported in the NeuroSearch web site[10], never reached 
the market or showed satisfactory antidepressant activity 
in clinical trials. Moreover, no herbal medicines have been 
registered as antidepressants. This does not mean that 
such compounds may not be useful for a particular sub-
population of  depressed subjects but, until their efficacy 
is clearly shown and approved for that particular subpop-
ulation, they are not considered as efficacious antidepres-
sants. This “rigid” way of  thinking is only dictated for the 
sake of  clarity and for the scope of  the present editorial, 
i.e. stimulating the search for new therapeutical strategies. 
What is written in the present editorial only represents 
personal points of  view that may or may not be shared 
by the reader. Furthermore, as most recent publications 
often offer a complete overview of  the literature, such 
papers will be quoted rather than the most well-known 
articles. In DOIng this, there is absolutely no intention to 
underestimate the very important contribution of  some 
researchers who were pioneers in their field.

BACKGROUND
The field of  antidepressants has been characterized by 
the introduction of  more selective and potent medicine[11] 
into the market, with different side-effects than older an-
tidepressants[12]. However, even if  some drugs appear to 
be therapeutically better than others, it is not established 
that the new antidepressants have improved the number 
of  responders or remitters better than the older medi-
cines[13], the number of  responders and remitters is an 
important medical need in the field of  unipolar depres-
sion[14]. Several scientists have tried to analyze the reasons 
of  such research difficulties in drug discovery. Animal 
models, incapability of  detecting patient subpopulations, 
clinical trial design, unsatisfactory medical end-points, 

lack of  biomarkers, psychological pressure on scientists 
working in pharmaceutical industries, marketing strategies 
and difficulty in establishing public-private R&D partner-
ship have, from time to time, been evoked as causes for 
such failures[15-21]. However, such failure in drug discovery 
is not a peculiar aspect in the field of  antidepressants or 
drugs for the central nervous system (CNS) as it also hap-
pens in other therapeutical areas other than the CNS[22]. 
More recently, genetic polymorphism has also been 
implicated in depression and in reduced antidepressant 
response in patients[23,24]. Various attempts have also been 
made to better define the role of  neuroimaging for both 
drug-treatment and depressive patients[25-30]. Likewise, 
some biomarkers have also been suggested to differenti-
ate drug-sensitive from drug-resistant patients[2]. Despite 
the interesting premises of  genetic and neuroimaging 
findings or of  various biomarkers, there is no universally 
agreed consensus on such indicators for antidepressant-
resistance or for the course of  the mental illness[1,31]. 
However, the real reason is that the etiopathogenesis of  
mood disorders is unknown and modeling what it is un-
known is a challenging task; of  course, this also applies 
for other pathologies. Thus, active searching for impor-
tant biological indicators of  antidepressant-resistance and 
of  depression as mental illness seems to be the only way 
to proceed in this field. 

A further difficulty in the field of  antidepressants (but 
not only in this therapeutical class) is that the results of  
potential antidepressants in clinical trials are not always 
published[13]. Therefore, whether the failure is due to 
weak antidepressant activity or other causes (metabolism, 
side-effects, high placebo response, depressed sub-popu-
lation, loss of  interest by the company, etc.) is difficult to 
ascertain. A further complexity is that antidepressants are 
used, not only to normalize depressed mood, but also to 
treat anxiety disorders[32] and chronic pain[33]. Thus, it ap-
pears that antidepressants induce different therapeutical 
effects and to dissect these in different mechanisms of  
action is complex. 

The present editorial does not review animal models 
or list mechanisms of  action that are involved in pharma-
cological effects of  various potential antidepressants, as 
manuscripts on these topics already exist[18,34-52]. The aim 
of  this editorial is to express a personal point of  view, 
based upon many years of  experience, in order to elicit 
the interest of  researchers and let them think about how 
they use their methodologies. In fact, failure to discover 
new antidepressants may not solely depend on chosen 
animal models or preclinical settings but also on how 
these preclinical methods are used.

As aforementioned, the medical needs in the field of  
antidepressants are, among others[53], an increase in re-
sponse and remission rates[14] and to shorten therapeutical 
onset of  action[54,55]. Nevertheless, very few attempts have 
been made in preclinical settings towards these directions. 
Thus, current preclinical models to screen potential anti-
depressants are vitiated by a tautology, as a model is only 
validated with already known clinically effective drugs. 
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Since it is difficult to think that new antidepressants may 
emerge with old methods, the chance to find innovative 
antidepressants is uniquely based on clinical trials. Re-
searchers should take the courage to embark in alterna-
tive experimental strategies. This manuscript deals with 
this point of  view. 

BEHAVIORAL STATUS OF ANIMALS
Therapeutically, antidepressants normalize impaired 
mood function in depressed patients and only induce 
other (and/or adverse) effects in non-depressed sub-
jects[55-57]. In accord with these findings, and in contrast 
with what is reported for depressed patients, in healthy 
subjects monoamine depletion does not change mood 
parameters[58] and antidepressants, in general, do not 
seem to modulate mood[59,60]. In healthy volunteers, an-
tidepressants may exert pharmacological effects[61,62] that 
are similar to those observed in depressed subjects[63]. 
Thus, the use of  normal animals does not seem appro-
priate for studying the mechanism of  “therapeutical” 
actions of  antidepressants. Nevertheless, antidepressants 
are often given to animals that are considered “normal” 
and reviews are written by using these data[38,64,65]. The 
first question is whether antidepressant-induced effects 
in normal animals may be considered as epiphenomena. 
Unless it becomes clear that “depressive” subjects have 
impairment in the function that is restored by antidepres-
sants, the effects in normal animals may be related to the 
pharmacology of  antidepressants rather than to their 
antidepressive therapeutical properties. This means that, 
from a therapeutical standpoint, all the results coming 
from normal animals or in-vitro assays from unaltered bio-
logical systems are questionable. 

Only animals with “altered” biological systems should 
be used to investigate potential antidepressants; therefore, 
how to define a biological system as “altered” is impor-
tant. Only a portion of  human subjects develop depres-
sion. Thus, those procedures that induce “depression-
like” effects in all animals should be avoided. Moreover, 
antidepressants only partially work clinically. Therefore, 
only those procedures which allow distinguishing antide-
pressant-sensitive and antidepressant-insensitive animals 
should be considered. This leads to another issue, in 
which animals can be considered as “real” controls. If  
normal animals serve as control for “altered” animals, 
in “altered” animals the comparison should be made 
between antidepressant sensitive and insensitive subjects. 
Thus, the new potential antidepressant should be tested 
in antidepressant insensitive animals. Consequently, one 
of  the principles considered important for animal mod-
els, the predictive validity, will not be verified anymore.

As a diagnosis of  depression is based on interviews, 
whether the “alterations” provoked in animals are related 
to human depression is difficult to determine. Neverthe-
less, antidepressants should be administered after the 
behavioral changes and not before[66]. This difference may 
discriminate between antidepressant- and anxiolytic-like 

effects. Such a concept derives from the fact that some 
anxiety disorders, such as generalized anxiety, compulsive-
obsessive disorders or panic attacks, may be more related 
to the difficulty of  coping with stressful situations rather 
than feeling despair or anhedonic. However, this concept 
does not apply to post-traumatic stress disorder (PTSD), 
where there is a clear traumatic precipitating event. In 
PTSD, subjects undergo an intense acute stress. Thus, 
it may be that the use of  repeated stressful procedures 
might be helpful in determining potential antidepressant 
properties. That chronic stress, which lasts for weeks or 
months, is a more of  a reliable predictor for depressive 
symptoms than acute has already been suggested[67,68]. 
Among the various behavioral methods used to detect 
potential antidepressant activity, some of  them, such as 
learned helplessness, chronic mild stress and competition 
within a social milieu, seem more promising than others 
because they are based on repeated stressful conditions[18].

How the test is carried out is an important factor. 
Learned helplessness, for example, may be provoked by 
using stress levels that induce failures in the escaping 
behavior in all animals[69] or only in part of  them[70,71]. 
However, some animals do not develop helplessness, as 
shown by the fact that it is possible to genetically divide 
those who develop helpless from those who do not[48,72-74]. 
Within the frame of  competition within a social milieu, 
the resident-intruder paradigm[42,75-78] and pair-animals 
forced to feed in a limited time[38,78,79] are interesting, be-
cause not all animals develop the same reaction to the 
stimuli. Furthermore, rodents can be divided in to antide-
pressant -sensitive and -insensitive animals[39,54,79].

Other animal paradigms that are commonly used, 
such as the forced swimming test, the tail suspension test, 
maternal separation, olfactory bulbectomy and operant 
responses, appear more problematic in the sense that all 
the animals apparently develop similar behavioral changes 
and the stress is not delivered chronically, except for bul-
bectomy where rats may be lesioned from the very begin-
ning[18].

READ-OUTS
The issue is not to reproduce the same symptomatology 
of  depressed subjects in animals, but to interpret the 
animal behavior. For example, in the learned helpless-
ness procedure, there is discussion whether it is better 
to consider as read-out the so-called “fixed ratio 1” or 
FR1, the escape from the compartment where there is 
the electrical shock to another one devoid of  danger[80-83], 
or the so-called “fixed ratio 2” or FR2, which requires 
passing through the doorway twice in order to turn off  
the shock[84-86]. FR2 should better reproduce the wish to 
avoid a frustrating situation, whereas FR1 seems more 
difficult to interpret[87,88], even if  it is easier to obtain.

Anhedonia, namely lack of  pleasure, is a frequent 
symptom in depressed patients. Typically, in animals, 
anhedonia is assessed by measuring intracranial electric 
self-stimulation or sucrose-intake in chronic stressed ani-
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mals[18]. Despite the fact that not all the stressed animals 
reduce their intake of  a sweet solution[88], it seems that 
the reduction in sucrose-intake may not only depend on 
reduced motivation[77,89]. This point deserves further criti-
cal discussion[90].

Interestingly, young animals seem to be resistant to 
chronic mild stress-induced anhedonia in contrast to 
adult rats[91], indicating an age-dependant effect of  chron-
ic stress.

All read-outs are based on animal movements, such 
as escaping, swimming, consummatory behavior, aggres-
siveness and vocalization. Generally, researchers measure 
“normal” motor activity to support the notion that the 
observed effects do not depend on changes in capability 
to move. This experimental procedure may induce mis-
leading interpretation. Animals may have normal motor 
activity but can change it depending on the test procedure 
used. For example, flibanserin, a potential antidepressant 
that did not match the expected outcome in clinical tri-
als[3], reduced spontaneous motor activity in rats[92] but 
did not change, even at a higher dose, swimming speed 
in the Morris water maze[92] or inter trial crossings in the 
learned helplessness test[93]. Flibanserin reduced motor 
activity in the light-dark test in mice[92] but did not change 
it in an open-field, even at a higher dose[94]. However, 
how changes in motor activity may affect the behavior in 
so-called animal models for depression is difficult to as-
certain, as a compound’s effect may be test-dependent[92]. 
So, the effects on motor activity should be interpreted 
with caution in the therapeutical sense.

As aforementioned, when the results of  a new com-
pound are presented, information on its pharmacokinet-
ic/metabolic profile should always be provided, together 
with its effects on gross animal behavior[95,96].

Differential responses of  both sexes to antidepressants 
should also be taken into account. This has already been 
reported in the pharmacokinetics and pharmacodynamics 
(time to response, efficacy and side effects) of  antidepres-
sants in depressed patients[97,98]. In animals, Dalla et al[99] 
reviewed this field and concluded that females are more 
sensitive than males in the chronic mild stress and forced 
swimming test[100], but they are not as susceptible as males 
in the learned helplessness model. Sex differences may also 
be observed in Flinders rats, not only for their serotonergic 
tone, but also in response to antidepressants, as these drugs 
tend to alleviate sex differences[99]. Immunomodulation, 
neurochemical and behavioral responses point to the im-
portant role of  the immune system in the pathophysiology 
of  depression[99,101,102] and it is possible that the actions of  
estrogens in the brain may affect the serotonergic system 
in a sexually dimorphic manner[100]. Pharmacokinetics/
metabolic profile between sexes should, however, always 
be considered before reaching a conclusion on sexual di-
morphism[103].

Another aspect to consider is the possible biologi-
cal rhythmicity in the animal’s behavior and/or drug 
effect[104-112]. On the other hand, this phenomenon has 
also been observed in antidepressant-treated patients[113]. 

Thus, to be sure that the read-outs are consistent and re-
producible, experiments should be repeated throughout 
the year and in both males and females. For example, by 
using the forced swimming test, DBA/2 mice were re-
ported to be sensitive[114,115] or insensitive[116,117] to selective 
serotonin reuptake inhibitors. Whether these contrasting 
results were due to testing in different periods of  the 
year still remains to be elucidated. Similar considerations 
hold for the strain C57BL mice in the tail suspension 
test, where it was found that they were highly citalopram-
sensitive[118] or almost citalopram-insensitive[119]. 

TRANSLATIONAL MEDICINE
Animal models may serve to provide some informa-
tion on the possible therapeutical usefulness of  new 
compounds. Once a Pharma Company is convinced to 
proceed in clinic with a compound, it is necessary to be 
sure that the administered dose in humans is the appro-
priate one. Clinical phase Ⅰ gives information on toler-
ability and pharmacokinetics/metabolic profile of  the 
new medicine in healthy volunteers. Clinical phase Ⅱ is 
aimed at evaluating the therapeutic benefit of  the new 
drug in patients. The problem is how to be sure that the 
drug plasma levels guarantee the desired pharmacologi-
cal/therapeutical action in depressed subjects, above all 
if  comorbidity or pathologies that may interfere with 
metabolism of  the compound are present (i.e. renal or 
hepatic malfunctioning). With the lack of  biomarker(s), 
clinical trials are run without any idea about the goodness 
of  the dose. Thus, whether a clinical trial failed because 
of  no satisfactory clinical outcome or for other reasons 
is often unknown. The biological marker(s) should be 
checked in ill subjects and not in healthy volunteers. In 
fact, neurotransmitter brain concentrations or receptor 
function status may change in the pathological brain[120-124] 
and, therefore, an image of  the brain or other parameters 
in healthy volunteers may not provide the right informa-
tion. 

Despite the high interest elicited by brain-derived 
neurotrophic factor (BDNF), which is decreased in 
serum and leucocytes of  depressed patients prior to an-
tidepressant treatment and increased after 12 wk of  es-
citalopram administrations[125], BDNF was also found to 
be increased in other neuropsychiatric disorders, such as 
schizophrenia, panic disorder, eating disorders, Alzheim-
er’s and Huntington’s disease[126]. Thus, BDNF may be 
an indicator of  some brain vulnerability rather a specific 
biomarker for depression and antidepressant-sensitivity. 
Additionally, there is no apparent correlation between 
BDNF changes and depressive symptoms[127]. Moreover, 
BDNF is also increased by amitriptyline in whole blood 
cell culture from volunteers who are healthy and not 
ill[128]. The analysis of  this biomarker is made more dif-
ficult, because the effect of  the stress on this parameter 
in animals is age-dependent[91]. Nevertheless, there are 
many suggestions of  possible biomarkers derived from 
depressed patients[129-134] or “altered” animals[3,135-137], but 
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so far none of  them has completely been recognized as 
indicative of  depression. Of  course, this does not ham-
per having a biomarker that could be useful to assess the 
pharmacological, not necessarily the therapeutical, activ-
ity of  the new medicine. 

As far as “pharmacological” activity is concerned, 
there are no well documented reports. However, the in-
terested reader should read the two very recent reviews 
on this topic: Leuchter et al[138] and Ward et al[139]. The first 
one describes what is interesting in examining the struc-
ture and function of  the brain and genomic, proteomes 
and metabolomic measures. In contrast, Ward and Ira-
zoqui[138] focused their attention on what antidepressants 
do not control or cure depressive symptoms. However, 
as one can see, none of  them have the right to be conclu-
sive.

CONCLUSION
The current available models are simply experimental 
paradigms sensitive to current antidepressants, which 
were initially discovered by serendipity. While the scien-
tific information on the pharmacological mechanism(s) 
of  action of  antidepressants is always important, the 
strategy to find therapeutically valid antidepressants must 
drastically change. Since the first animal models were 
proposed, there has been intense discussion about the 
criteria that models should have to be considered as suit-
able animal models[49]. However, despite this, all animal 
models are generally equally used and preference is given 
to those that are easier to be performed. 

The current methodology has permitted discovery of  
the mechanism(s) of  action of  existing antidepressants, 
such as monoamine uptake blockade and monoamino 
oxidase inhibition. The methods used so far might also 
be useful to study how to reduce the therapeutic delay 
in treating depression[93,139], even if  there is clinical dif-
ficulty in assessing fast antidepressant action. However, 
the weaknesses of  the actual way of  working in the field 
of  antidepressants appear clear. Whereas on the one 
hand, “altered” animals are used as behavioral models to 
test the antidepressant-like potential, on the other hand, 
normal animals are generally used to evaluate neuro-
chemical, electrophysiological, biochemical and molecular 
mechanism(s) of  action of  known antidepressants. More-
over, susceptible animals may be used in behavioral stud-
ies, whereas all the animals are used in non-behavioral 
experiments. Thus, there are two variables: “alteration” 
vs “normality” status, and “susceptible” vs “all” animals. 
Therefore, to reconcile all the results in order to formu-
late a working hypothesis is really a tough job. 

The rationale should be based theoretically on the 
background knowledge and then verified in antidepres-
sant-insensitive animals for that particular model. The 
construction of  a theoretical hypothesis is essential 
to have an idea of  possible biomarkers or their surro-
gates. Entering clinical phases without having biologi-
cal marker(s) to investigate, in order to assess whether 

compound plasma levels may be sufficient to trigger the 
desired pharmacological/therapeutical effects, seems to 
be destined to fail.

As previously written, it is difficult to model what is 
unknown. However, there are already some published be-
havioral approaches that seem more promising than oth-
ers. One has recently been published by Carboni et al[135], 
using Flinders rats. As expected, the immobility time in the 
forced swimming test of  the rats belonging to the Flinders 
Sensitive Line (FSL) was higher than those belonging to 
the Flinders Resistant Line. Both the antidepressants es-
citalopram and nortriptyline decreased immobility time 
in “normal” FSL rats, but not in FSL rats that underwent 
repeated maternal separation at postnatal age. This appears 
to be an example on how a behavioral manipulation makes 
animals resistant to drug treatment. Moreover, gene-
environment interactions revealed changes in peripheral 
levels of  analytes that are involved in inflammation and the 
regulation of  metabolic pathways.

Prediction of  clinical efficacy of  new antidepressant 
compounds is not easy and needs a very high level of  
expertise. The process for potential innovative antide-
pressants should go through the following steps: (1) have 
a clear “construct” criterion; (2) selection of  antidepres-
sant-insensitive animals by using “old” methods (i.e. 
escape deficits in the learned helplessness test; sucrose 
intake in the chronic mild stress; social defeat); (3) to test 
the compounds after and not before behavioral “altera-
tions”; (4) to verify that insensitivity does not depend on 
biological rhythms or pharmacokinetics/metabolic pro-
file; (5) to use both females and males; and (6) to identify 
biomarker(s). If  such a procedure is not followed, an-
other therapeutical me-too antidepressant is certain to be 
found. 

In order to discover the antidepressant of  the future, 
the problem of  non-responders needs to be addressed. 
It is also necessary to take into consideration that it is 
difficult to have a unique animal model for depression, 
as all pieces of  evidence “argue against a unified hypoth-
esis of  depression”[101]. Experimentally, it means that all 
antidepressant-sensitive animals should be discarded[140]. 
Thus, the alternative is the use of  behavioral methods to 
identify antidepressant-insensitive animals and electro-
physiological, neurochemical, biochemical and molecular 
studies should be performed in these animals. In-vitro 
studies should also be performed by using cells from 
“altered” animals. In this way, the concept of  predictive 
validity cannot be applied for future research anymore. 

The definition of  “antidepressant-insensitive” should 
depend on scientifically-based evidence. Thus, one should 
be sure that the insensitivity does not depend on phar-
macokinetic/metabolic profile of  the drug or particular 
seasonal effects. This implies replication of  a particular 
test throughout the year with concomitant plasma level 
assay. However, nobody has the golden recipe to discover 
original antidepressants, but after 50 years, where only 
me-too antidepressants in the therapeutical sense were 
introduced in the market, it is time to change. The first 
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change should be to not use any more normal animals or 
normal cells. For example, there is a wonderful review on 
the effects on brain dopamine after antidepressant and 
drug treatment in normal animals[38]. However, whether 
such a review may increase the insight in the therapeuti-
cal effects of  antidepressants is questionable, even if  the 
hypothesis that the authors put forward on dopamine D1 
receptors is fascinating. In fact, almost all data refer to 
normal animals. Thus, the hypothesis that antidepressants 
may enhance dopaminergic D1 sensitivity should be sup-
ported by data originated in “altered” animals.

Finally, the problem is how to screen for new antide-
pressants. Of  course, the experiments should be random-
ized and the observations performed by observers who 
are unaware of  the treatment. The question is whether it 
is worth spending such a long time for such a process. It 
is personal opinion of  the author of  this editorial that it 
is necessary, if  we want to embark a new era in the field 
of  antidepressants.
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February 12-15, 2012
4th International Conference on Drug 
Discovery & Therapy
Dubai, United Arab Emirates

February 26-29, 2012
11th International Dead Sea Sympo-
sium on Cardiac Arrhythmias and 
Device Therapy
Jerusalem, Israel 

February 27-28, 2012
2nd Ubiquitin Research and Drug 
Discovery
Las Vegas, NV, United States

February 27-28, 2012
4th Ocular Diseases & Drug Discovery
Las Vegas, NV, United States

February 27-28, 2012
Targets and Strategies in Drug Discov-
ery Summit
Las Vegas, NV, United States

March 8-9, 2012

British Pharmacological Society
BPS Focused Meeting - Challenges 
in Neurotherapeutics: From Animal 
Models to Clinical Needs
Dublin, Ireland

March 14-17, 2012
American Society for Clinical Pharma-
cology and Therapeutics
2012 Annual Meeting
National Harbor, MD, United States 

March 15-16, 2012
Biomarker Summit 2012
San Diego, CA, United States

March 18-23, 2012
Keystone Symposia on Molecular and 
Cellular Biology
Ubiquitin Signaling
Whistler, British Columbia, Canada

March 19-21, 2012
British Pharmacological Society
The Biomedical Basis of Elite Perfor-
mances
London, United Kingdom

March 19-21, 2012
The Biomedical Basis of Elite Perfor-
mance
the British Pharmacological Society & 
The Physiological Society
London, United Kingdom

March 31 - April 4, 2012
American Association for Cancer 
Research
103rd Annual Meeting
Chicago, IL, United States 

April 11, 2012
British Pharmacological Society
Statistics Workshop
London, United Kingdom

April 21-25, 2012
Experimental Biology 2012
San Diego, CA, United States 

April 23-24, 2012
British Pharmacological Society
4th BPS Focused Meeting on Cell 
Signaling
Leicester, United Kingdom

May 2-4, 2012
8th Annual Pediatric Clinical Trials 
Conference
Philadelphia, PA, United States

May 13-18, 2012
Keystone Symposia on Molecular and 
Cellular Biology
Drug Resistance and Persistence in 

Tuberculosis
Kampala, Uganda

May 16-19, 2012
International Stress and Behavior 
Society
17th International "Stress and Behav-
ior" Conference
St. Petersburg, Russia

June 7-9, 2012
British Pharmacological Society
Focused Meeting on Neuropeptides
London, United Kingdom

June 9-12, 2012
The Neutrophil in Immunity
Quebec City, PQ, Canada 

June 10-15, 2012
FASEB Summer Research Conferences
Retinoids
Snowmass Village, CO, United States

June 10-15, 2012
FASEB Summer Research Conferences
Trace Elements in Biology & Medicine
Steamboat Springs, CO, United States

June 13-16, 2012
International Society for Stem Cell 
Research 
10th Annual Meeting
Yokohama, Japan

June 22-24, 2012
International Stress and Behavior 
Society
18th International "Stress and Behav-
ior" North America Conference
New Orleans, LA, United States

June 23-27, 2012
International Society for Advancement 
of Cytometry
CYTO 2012
Leipzig, Germany

June 24-27, 2012
Eurotox 2012
Stockholm, Sweden

June 26-29, 2012
4th International Congress on Cell 
Membranes and Oxidative Stress
Isparta, Turkey

July 14-18, 2012
Controlled Release Society
39th Annual Meeting and Exposition
Quebec City, Canada 

July 15-20, 2012
FASEB Summer Research Conferences
Protein Phosphatases

Snowmass Village, CO, United States

July 17-20, 2012
6th European Congress of Pharmacol-
ogy
Granada, Spain

July 22-27, 2012
FASEB Summer Research Conferences
Tyrosine Kinase Signaling in Cancer, 
Disease, and Development
Snowmass Village, CO, United States

July 27-30, 2012
International Academy of Cardiology
17th World Congress on Heart Disease
Toronto, ON, Canada

July 29 - August 3, 2012
FASEB Summer Research Conferences
Integration of Genomic and Non-
Genomic Steroid Receptor Actions
Snowmass Village, CO, United States

August 2-5, 2012
American Psychological Association
2012 Annual Convention
Orlando, FL, United States

August 5-9, 2012
26th Symposium of The Protein Soci-
ety
San Diego, CA, United States

September 9-13, 2012
10th International Catecholamine 
Symposium
Pacific Grove, CA, United States

September 23-26, 2012
American College of Clinical Pharma-
cology
41st Annual Meeting
Chicago, IL, United States

October 13-17, 2012
Society for Neuroscience 
Annual Meeting
New Orleans, LA, United States 

October 14-18, 2012
ISSX 18th North American Regional 
Meeting
Dallas, TX, United States 

October 14-18, 2012
American Association of Pharmaceuti-
cal Scientists 
Annual Meeting
Chicago, IL, United States 

December 18-20, 2012
British Pharmacological Society Winter 
Meeting
London, United Kingdom
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open-access (OA), journal supported by an editorial board consist-
ing of  100 experts in pharmacology from 23 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation 
and communication of  scientific research results. The open access 
model has been proven to be a true approach that may achieve the 
ultimate goal of  the journals, i.e. the maximization of  the value to 
the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of  the publica-
tion of  scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views, 
as well as promoting the application of  scientific achievements, but 
also in formally recognizing the "priority" and "copyright" of  in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes 
of  WJP and create a well-recognized journal, the following four 
types of  personal benefits should be maximized. The maximization 
of  personal benefits refers to the pursuit of  the maximum personal 
benefits in a well-considered optimal manner without violation of  
the laws, ethical rules and the benefits of  others. (1) Maximization 
of  the benefits of  editorial board members: The primary task of  
editorial board members is to give a peer review of  an unpublished 
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should 
be published or not. During peer review, editorial board members 
can also obtain cutting-edge information in that field at first hand. 
As leaders in their field, they have priority to be invited to write 
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in 
the journal to acknowledge their contribution; (2) Maximization of  
the benefits of  authors: Since WJP is an open-access journal, read-
ers around the world can immediately download and read, free of  
charge, high-quality, peer-reviewed articles from WJP official web-
site, thereby realizing the goals and significance of  the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization of  the benefits of  readers: Readers can read or use, free of  
charge, high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to vali-
date the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; 
and (4) Maximization of  the benefits of  employees: It is an iron law 
that a first-class journal is unable to exist without first-class editors, 
and only first-class editors can create a first-class academic journal. 
We insist on strengthening our team cultivation and construction so 
that every employee, in an open, fair and transparent environment, 
could contribute their wisdom to edit and publish high-quality ar-

ticles, thereby realizing the maximization of  the personal benefits 
of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

Aims and scope
WJP aims to report rapidly new theories, methods and techniques 
for prevention, diagnosis, treatment, rehabilitation and nursing in 
the field of  pharmacology. WJP covers topics concerning neuro-
psychiatric pharmacology, cerebrovascular pharmacology, geriatric 
pharmacology, anti-inflammatory and immunological pharmacolo-
gy, antitumor pharmacology, anti-infective pharmacology, metabolic 
pharmacology, gastrointestinal and hepatic pharmacology, respira-
tory pharmacology, blood pharmacology, urinary and reproductive 
pharmacology, pharmacokinetics and pharmacodynamics, clinical 
pharmacology, drug toxicology, and pharmacology-related tradi-
tional medicine, and integrated Chinese and Western medicine. The 
journal also publishes original articles and reviews that report the 
results of  pharmacology-related applied and basic research in fields 
such as immunology, physiopathology, cell biology, medical genet-
ics, and pharmacology of  Chinese herbs.

Columns
The columns in the issues of  WJP will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance 
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the current research status 
in the important fields, and propose directions for future research; 
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ing (A) 10 invited review articles on a hot topic, (B) a commentary 
on common issues of  this hot topic, and (C) a commentary on the 
10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Clinical 
Practice: To provide guidelines for clinical diagnosis and treatment; (6) 
Review: To systemically review the most representative progress and 
unsolved problems in the major scientific disciplines, comment on 
the current research status, and make suggestions on future work; (7) 
Original Articles: To report original innovative and valuable findings 
in pharmacology; (8) Brief  Articles: To briefly report novel and in-
novative findings in pharmacology; (9) Case Report: To report a rare 
or typical case; (10) Letters to the Editor: To discuss and reply to the 
contributions published in WJP, or to introduce and comment on a 
controversial issue of  general interest; (11) Book Reviews: To intro-
duce and comment on quality monographs of  pharmacology; and 
(12) Guidelines: To introduce consensuses and guidelines reached 
by international and national academic authorities worldwide on the 
research in pharmacology.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJP requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Medi-
cal Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 

the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should have their study approved by 
the relevant research ethics committee or institutional review board. If  
human participants were involved, manuscripts must be accompanied 
by a statement that the experiments were undertaken with the under-
standing and appropriate informed consent of  each participant. Any 
personal item or information will not be published without explicit 
consents from the involved patients. If  experimental animals were 
used, the materials and methods (experimental procedures) section 
must clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/2220-3292office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2220-3192/
g_info_20100722180909.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem to 
wjpharmaco@wjgnet.com, or by telephone: +86-10-85381891. If  
you submit your manuscript online, do not make a postal contribu-
tion. Repeated online submission for the same manuscript is strictly 
prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
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Instructions to authors

typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJP, reviewers of  
accepted manuscripts will be announced by publishing the name, 
title/position and institution of  the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of  
Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2220-3192/g_info_20100725072755.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glucose 
tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
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5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 
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No author given
6	 21st century heart solution may have a sting in the tail. BMJ 
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Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 
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of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
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No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 
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Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
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Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 
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Patent (list all authors)
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
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blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2220-3192/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/2220-3192/g_info_20100725071
851.htm

Frontier: http://www.wjgnet.com/2220-3192/g_info_20100725071
932.htm

Topic highlight: http://www.wjgnet.com/2220-3192/g_info_20100
725072121.htm

Observation: http://www.wjgnet.com/2220-3192/g_info_20100725
072232.htm

Guidelines for basic research: http://www.wjgnet.com/2220-3192/
g_info_20100725072344.htm

Guidelines for clinical practice: http://www.wjgnet.com/2220-319
2/g_info_20100725072543.htm

Review: http://www.wjgnet.com/2220-3192/g_info_201007250726
56.htm

Original articles: http://www.wjgnet.com/2220-3192/g_info_2010
0725072755.htm

Brief  articles: http://www.wjgnet.com/2220-3192/g_info_2010072
5072920.htm

Case report: http://www.wjgnet.com/2220-3192/g_info_20100725
073015.htm

Letters to the editor: http://www.wjgnet.com/2220-3192/g_info_2
0100725073136.htm

Book reviews: http://www.wjgnet.com/2220-3192/g_info_2010072
5073214.htm

Guidelines: http://www.wjgnet.com/2220-3192/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies of  WJP. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be re-submitted online (http://www.wjgnet.
com/2220-3192office/). The author should send the copyright 
transfer letter, responses to the reviewers, English language Grade B 
certificate (for non-native speakers of  English) and final manuscript 
checklist to wjpharmaco@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3192/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2220-3192/
g_info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJP will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJP is an international, peer-reviewed, Open-Access, online journal. 
Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License, 
which permits use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is non com-
mercial and is otherwise in compliance with the license. Authors of  
accepted articles must pay a publication fee. The related standards 
are as follows. Publication fee: 1300 USD per article. Editorial, topic 
highlights, original articles, brief  articles, book reviews and letters to 
the editor are published free of  charge.
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