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I

PREFACE
     This book consists of popular topics in the field of health sciences that 
compile various studies on both basic sciences and clinical sciences. 
Research articles are reports containing the results of scientific studies 
that compile extremely important information for scientists working in the 
field of health sciences. Therefore, this book, which covers various health 
sciences disciplines, is an important resource that can be used by 
healthcare professionals in different disciplines. In recent years, there has 
been a significant increase in the studies in the field of medicine. People 
working in the field of health can only update themselves by following the 
studies, scientific books and publications in their field. This book is one of 
the scientific works that academicians and students working in health 
sciences (such as medicine, nursing, dentistry, pharmacy sciences) can 
benefit from. It is also a resource that can serve as a reference in various 
disciplines in health sciences. Health professionals such as doctors, 
dentists, nurses, pharmacists, health technicians, physiotherapists will also 
find this book useful in their daily clinical decision-making processes.
     I would like to thank all the chapter authors who contributed to the 
preparation of the book.

Prof. Dr. Nizami DURAN
Hatay Mustafa Kemal University,

Medical Faculty,
Department of Microbiology
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PostPARtUM BLEEDInGs AnD 
MEDICAL tREAtMEnt
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Introduction 

Postpartum hemorrhage (PPH) is the most common and dangerous 
complication seen after birth. 5000 of the pregnant deaths that occur within 
a year occur as a result of postpartum hemorrhage. This corresponds 

to a quarter of pregnant women who die in a year. Postpartum hemorrhages 
(PPH) are extremely worrying [1]. Today, Postpartum Hemorrhages (PPH) are 
among the leading causes of maternal deaths in both developed and developing 
countries [2]. Generally, bleeding more than 500 ml in the first 24 hours after 
vaginal delivery or more than 1000 ml after cesarean is defined as PPH. PPK 
is divided into two; Early postpartum bleeding and late postpartum bleeding. 
Postpartum bleeding that occurs in the first 24 hours after birth is called early 
PPH. Postpartum hemorrhage (PPH) that develops between the first 24 hours and 
12 weeks is also called late PPH [3]. If the amount of postpartum hemorrhage 
is more than 1500ml and this decreases the hemoglobin concentration by more 
than 4g / dL, it is called early “massive” postpartum hemorrhage [4]. Strong 
contraction of the uterus reduces the amount of bleeding by causing the placenta 
to expel, the uterus to recuperate and shrink, the vessels to contract and the 
coagulation system to be activated [5].

Postpartum Bleeding Causes and Risk Factors
Uterine atonia ranks first among the primary causes of PPH. It is the most 
common etiological factor causing postpartum bleeding. It is generally known 
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as the most common cause of postpartum hemorrhage. Other primary causes 
of postpartum bleeding; It is known as uterine rupture, placentation anomalies, 
coagulation disorders, uterine inversion, and genital tract trauma. Secondary 
postpartum bleeding causes include Coagulopathy, endometritis, and placental 
retention. In the risk factor determination study for postpartum hemorrhages, 
prolonged delivery, prolonged placental delivery and placenta attachment Intense 
anomalies (placenta accreta, Increata or percreta) were determined as important 
risk factors .In addition, polyhydramnios, preeclampsia, multiple pregnancies, 
instrumental deliveries, and genital tract injury are other risk factors [6].

Diagnosis
Postpartum bleeding is divided into early PPH and late PPH. Early postpartum 
hemorrhage is diagnosed within the first 24 hours when the patient or the staff 
following the patient notices the excessive bleeding. It causes the patient to 
change more than one pad within 5 minutes due to increased bleeding. Dizziness, 
nausea, sweating or shortness of breath occur due to the patient losing excessive 
amount of blood. pain and hematoma may occur in the area in the bleeding that 
occurs in the tissues in the genital tract. In late postpartum bleeding between 24 
hours and 12w, the patient notices a suddenly increasing vaginal bleeding while 
in bed. In conditions such as placental retention or postpartum endometritis, 
there is a malodorous and bloody discharge. The patient comes with severe 
pelvic pain and abdominal pain.

The patient is diagnosed with postpartum hemorrhage when the 
amount of postpartum hemorrhage is more than expected and the occurrence 
of hypovolemic symptoms .Although bleeding after vaginal delivery and 
cesarean is not observed, diagnosis may be delayed in women with symptoms. 
Multiple diagnostic criteria are used worldwide for the diagnosis of postpartum 
hemorrhage . Although postpartum bleeding is defined as volume (estimated 
loss ≥ 500 mL at vaginal delivery or loss 1000 mL after cesarean section), this 
diagnosis may not give us the true value, since the amount of external bleeding 
may not be seen or it can be confused with amniotic mai. The morbidity rate is 
less in women with postpartum hemorrhage of 500–999 mL [7].

The definition of PPH was revised by ACOG in 2017 as the total blood 
loss ≥ 1000 mL in 24 hours from the beginning of the birth or the amount of 
bleeding in which hypovolemic symptoms developed, regardless of the type of 
delivery. [8]. This new definition reduces the number of patients diagnosed with 
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postpartum hemorrhage. However, despite the new definition, it is recommended 
that bleeding more than 500 mL in vaginal deliveries is considered abnormal 
and the patient should be followed up in the health institution and the amount of 
blood loss should be followed up with other indicators.

Pathogenesis
In the third trimester of pregnancy, the amount of blood flowing into the uterus 
through the uterine artery corresponds to approximately 15% of the cardiac 
output and is 500-700 ml per minute. After the placenta is separated, the blood 
vessels feeding this placental bed are also suppressed by the contraction of 
the myometrium, coagulation is ensured by the release of hemostatic factors 
and the bleeding is controlled. Postpartum bleeding occurs when one of these 
mechanisms fails to function, is impaired or there is a traumatic situation.

Postpartum Bleeding Etiology
4 T’s have an important place in the etiology of postpartum bleeding. Tone :( 
uterine atony) (80%), Trauma: Uterus, cervical and vaginal, Tisue: Placental 
retention or clot accumulation, Thrombin: Coagulopathy

1) Uterine Atony - Uterine atony is the most common cause of postpartum
hemorrhage. Prevention of uterine atony after placental delivery in the
third stage of labor significantly reduced postpartum bleeding [9].

2) Placental attachment anomalies (accreta, increta, percrata) - The second
most common cause of postpartum hemorrhage (PPH) after uterine atony
is placental adhesion anomalies. Maternal age over 35, history of dilatation
and curettage, increased cesarean rate and placenta previa are risk factors
[10].

3) Multiple pregnancies - When multiple pregnancies and singleton pregnan-
cies are compared, it was seen that the mortality rate in multiple pregnan-
cies increased twice.

4) Soft tissue (perineum, vagina, and cervix) laceration of soft tissues
(perineum, vagina, cervix; lacerations due to fetal malpresentation and
instrumental assisted deliveries) [11].

5) Coagulation defect (Hemophilia and Von Willebrand disease, DIC, low
fibrinogen level and hyperfibrinolysis) - In postparum bleeding, the early
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indicator of bleeding severity is the coagulation defect considered to be 
a decrease in fibrinogen level. Fibrinogen values   below 2g / L make the 
diagnosis almost 100% [12].

6) Uterine rupture - The most important cause of uterine rupture is having
a previous cesarean section or a history of uterine surgery. In addition,
another important risk factor is inducing labor with prostaglandins. These
are the major risk factors for uterine rupture [13].

7) Prolonged third stage of labor - If the placenta takes more than 30 minutes
to deliver, this increases the amount of postpartum hemorrhage by 6 times
compared with less than 30 minutes delivery of the placenta [14].

Medical therapy
Utero Tonic Agents

When uterine atony is suspected, utero tonic agents should be started as soon as 
possible. 

Oxytocin - It is the first choice in PPH treatment because it has fewer 
side effects than other drugs with the same efficacy. Oxytocin can be used both 
intravenously and intramuscularly, but push intravenous use is contraindicated. 
It plays an important role in reducing postpartum hemorrhage in the first 30 
minutes. It takes about 3-7 minutes for the drug to take effect and the effect 
continues for 30-60 minutes. Intravenous administration of oxytocin has various 
side effects (tachycardia, hypotensive) and is therefore not recommended as far 
as possible [15]. Oxytocin 10IU, IV / IM can be made, 10-40 units oxytocin 
can be sent as continuous infusion in 1L crystalloid solution. In the absence of 
oxytocin, Methergine 0.2mg, IV / IM is used first. It can be used every 2-4 hours 
in the form of PO. Caution should be exercised in patients with hypertensive 
disorders, as some of these drugs are contraindicated [16]. The World Health 
Organization recommends that the oxytocin drug should be stored at 2-8 ° C so 
that it does not degrade and take effect [17].

Misoprostol- Prostaglandin E1 is a low cost, easily storable and potent 
vasodilator drug. Misoprostol is a synthetic derivative of prostaglandin 
E1, 600ug PO misoprostol (PGE1) is a proven drug to prevent postpartum 
hemorrhage. However, it has side effects such as fever, flushing and tachycardia 
[18]. Misoprostol is an alternative drug used in the prevention of postpartum 
bleeding when other parenteral drugs are contraindicated or cannot be used 
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[19]. In countries with low socioeconomic levels, misoprostol is the first drug 
of choice due to its low cost and easy availability. A woman who is considering 
giving birth at home can use this drug both rectally, sublingually and orally as a 
precaution [20]. According to the guidelines of the International Federation of 
Obstetrics and Gynecology (FIGO), a single dose of 800mg misoprostol is used 
for the treatment of postpartum hemorrhage when 40IU IV oxytocin is absent 
or cannot be used [21]. As a prophylactic, Misoprostol can also be used in the 
third stage of labor. Misoprostol can be administered by different routes such as 
sublingual, oral, rectal and vaginal [22].

Carbetocin - Uterotonic drugs; In utero tonic drugs such as oxytocin, 
misoprostol and ergometrine are not resistant to light and heat. Except for 
optimum conditions, their effectiveness is reduced and they are less effective 
in PPH treatment [23]. However, Carbetocin has proven to be durable in hot 
and humid regions for two years at 30 ° C and 6 months at 40 ° C in the 
studies of the International Cohesion Council (ICH) (24). Carbetocin 100 µg 
IV may be preferred over continuous oxytocin infusion to prevent postpartum 
hemorrhage [25]. It has been shown that the use of 100µg IM carbetocin is 
more effective than continuous oxytocin infusion in reducing the need for 
massage to the uterus to prevent PPH in women with risk factors and normal 
vaginal delivery [26].

Tranexamic acid -Tranexamic acid is an anti-fibrinolytic agent by 
converting plasminogen to plasmin to induce hemostasis [27]. 1g IV Tranexamic 
acid (TA) administered within 3 hours after postpartum hemorrhage is known to 
reduce the need for surgery, as well as reduce maternal mortality [28]. Its effect 
in reducing the need for transfusion and reducing bleeding is well known [29]. 
The use of TA in hysterectomy, myomectomy and heavy bleeding (menorrhagia) 
has been effective in reducing bleeding. Since it is excreted in urine, it should 
be avoided in patients with renal insufficiency. It has side effects such as nausea, 
dizziness and hypotension.

Referenses 
1. Knight M, Callaghan WM, Berg C, et al. Trends in postpartum hemorrhage

in high resource countries: a review and recommendations from the Inter-
national Postpartum Hemorrhage Collaborative Group. BMC Pregnancy
Childbirth. 2009 Nov 27;9:55. doi: 10.1186/1471-2393-9-55.



6  ¨  ¨  PostPARtUM BLEEDInGs AnD MEDICAL tREAtMEnt

2. Weisbrod AB, Sheppard FR, Chernofsky MR, et al. Emergent man-
agement of postpartum hemorrhage for the general and acute care
surgeon. World J Emerg Surg. 2009 Nov 25;4:43. doi: 10.1186/1749-
7922-4-43.

3. Bibi S, Danish N, Fawad A, et al. An audit of primary post partum hem-
orrhage. J Ayub Med Coll Abbottabad. 2007 Oct-Dec;19(4):102-6. PMID:
18693611.

4. Sheikh L, Zuberi NF, Riaz R, et al. Massive primary postpartum haemor-
rhage: setting up standards of care. J Pak Med Assoc. 2006 Jan;56(1):26-
31. PMID: 16454132.

5. Rath WH. Postpartum hemorrhage--update on problems of definitions
and diagnosis. Acta Obstet Gynecol Scand. 2011 May;90(5):421-8. doi:
10.1111/j.1600-0412.2011.01107.x.

6. Agarwal N, Deinde O, Willmott F, et al. A case series of interven-
tional radiology in postpartum haemorrhage. J Obstet Gynaecol. 2011
Aug;31(6):499-502. doi: 10.3109/01443615.2011.566388.

7. Anger H, Durocher J, Dabash R, et al. How well do postpartum blood
loss and common definitions of postpartum hemorrhage correlate
with postpartum anemia and fall in hemoglobin? PLoS One. 2019 Aug
22;14(8):e0221216. doi: 10.1371/journal.pone.0221216.

8. Committee on Practice Bulletins-Obstetrics. Practice Bulletin No. 183:
Postpartum Hemorrhage. Obstet Gynecol. 2017 Oct;130(4):e168-e186.
doi: 10.1097/AOG.0000000000002351.

9. Elbourne DR, Prendiville WJ, Carroli G, et al. Prophylactic use of
oxytocin in the third stage of labour. Cochrane Database Syst Rev.
2001;(4):CD001808. doi: 10.1002/14651858.CD001808.

10. Owolabi AT, Dare FO, Fasubaa OB, et al. Risk factors for retained placenta
in southwestern Nigeria. Singapore Med J. 2008 Jul;49(7):532-7. PMID:
18695860.

11. Yamashita Y, Takahashi M, Ito M, et al. Transcatheter arterial embolization
in the management of postpartum hemorrhage due to genital tract injury.
Obstet Gynecol. 1991 Jan;77(1):160-3. PMID: 1984217.

12. Nakashima A, Ogita K, Chita M, et al. Serum fibrinogen levels could be
an index of successful use of balloon tamponade in postpartum hemor-
rhage. J Perinat Med. 2018 Jan 26;46(1):53-57. doi: 10.1515/jpm-2016-
0238.



nEW tREnDs In HEALtH sCIEnCEs  ¨  ¨  7

13. Caughey AB, Shipp TD, Repke JT, et al. Rate of uterine rupture during a trial
of labor in women with one or two prior cesarean deliveries. Am J Obstet
Gynecol. 1999 Oct;181(4):872-6. doi: 10.1016/s0002-9378(99)70317-0.

14. Dombrowski MP, Bottoms SF, Saleh AA, et al. Third stage of labor: analy-
sis of duration and clinical practice. Am J Obstet Gynecol. 1995 Apr;172(4
Pt 1):1279-84. doi: 10.1016/0002-9378(95)91493-5.

15. Choy CM, Lau WC, Tam WH, et al. A randomised controlled trial of intra-
muscular syntometrine and intravenous oxytocin in the management of the
third stage of labour. BJOG. 2002 Feb;109(2):173-7. doi: 10.1111/j.1471-
0528.2002.01204.x.

16. McDonald S, Abbott JM, Higgins SP. Prophylactic ergometrine-oxytocin
versus oxytocin for the third stage of labour. Cochrane Database Syst Rev.
2004; 2004 (1): CD000201. doi: 10.1002/14651858.CD000201.pub2.

17. WHO. Oxytocin: Adopted text for the international pharmacopoeia: final
text for addition to the International Pharmacopoeia (June 2010) 4. Geneva:
World Health Organization; 2010.

18. Gülmezoglu AM, Villar J, Ngoc NT, et al. WHO multicentre randomised
trial of misoprostol in the management of the third stage of labour. Lancet.
2001;358(9283):689-695. doi:10.1016/s0140-6736(01)05835-4.

19. Prevention and Management of Postpartum Haemorrhage: Green-top
Guideline No. 52. BJOG. 2017 Apr;124(5):e106-e149. doi: 10.1111/1471-
0528.14178. .

20. Oladapo OT, Okusanya BO, Abalos E. Cochrane Database Syst Rev. 2018
Sep 22;9(9):CD009332. doi: 10.1002/14651858.CD009332.pub3.

21. International Federation Of Gynecology And Obstetrics. Treatment of
postpartum hemorrhage with misoprostol. Int J Gynaecol Obstet. 2012
Dec;119(3):215-6. doi: 10.1016/j.ijgo.2012.09.003.

22. Gülmezoglu AM, Forna F, Villar J, et al. Prostaglandins for pre-
vention of postpartum haemorrhage. Cochrane Database Syst Rev.
2004;(1):CD000494. doi: 10.1002/14651858.CD000494.pub2.

23. Hogerzeil, H. V., Walker, G. J., et al. World Health Organization. Stability
of injectable oxytocics in tropical climates: results of field surveys and
simulation studies on ergometrine, methylergometrine and oxytocin (No.
WHO/DAP/93.6. Unpublished). (1993).World Health Organization.

24. Malm M, Madsen I, Kjellström J. Development and stability of a heat-sta-
ble formulation of carbetocin for the prevention of postpartum haem-



8  ¨  ¨  PostPARtUM BLEEDInGs AnD MEDICAL tREAtMEnt

orrhage for use in low and middle-income countries. J Pept Sci. 2018 
Jun;24(6):e3082. doi: 10.1002/psc.3082. 

25. Bibi S, Danish N, Fawad A, et al. An audit of primary post partum hem-
orrhage. J Ayub Med Coll Abbottabad. 2007 Oct-Dec;19(4):102-6. PMID:
18693611.

26. Gülmezoglu AM, Villar J, Ngoc NT, et al. WHO multicentre randomised
trial of misoprostol in the management of the third stage of labour. Lancet.
2001;358(9283):689-695. doi:10.1016/s0140-6736(01)05835-4

27. McCormack PL. Tranexamic acid: a review of its use in the treat-
ment of hyperfibrinolysis. Drugs. 2012 Mar 26;72(5):585-617. doi:
10.2165/11209070-000000000-00000.

28. Hinshaw K. Tranexamic acid for post-partum haemorrhage in the WOMAN
trial. Lancet. 2017 Sep 30;390(10102):1582-1583. doi: 10.1016/S0140-
6736(17)31956-6.

29. Naoulou B, Tsai MC. Efficacy of tranexamic acid in the treatment of idio-
pathic and non-functional heavy menstrual bleeding: a systematic review.
Acta Obstet Gynecol Scand. 2012 May;91(5):529-37. doi: 10.1111/j.1600-
0412.2012.01361.x.



9

C H A P T E R  2

VIRtUAL REALItY APPLICAtIons 
FoR PAIn In CHILDREn

Esin Keskin1 & Figen Yardımcı2

1(Phd Student), Ege University, İzmir, TURKEY
e-mail: esinkeskin21@gmail.com
ORCID: 0000-0002-1428-0731

2(Associate Proffesor, Dr.), Ege University, İzmir, TURKEY
e-mail: figenyardimci@gmail.com
ORCID: 0000-0002-1550-985X

1. Introduction

Pain is important in children’s lives and causes anxiety and fear. It is the 
right of every child to live a pain-free life. Relieving children’s pain 
and increasing the quality of life is one of the primary goals of nursing 

care. The methods used in pain control in children are pharmacological and 
non-pharmacological. Non-pharmacological methods are valuable alternatives 
for pain control, especially in small invasive procedures. Non-pharmacological 
methods are non-invasive, reliable, inexpensive, have no side effects, and are 
independent practices of the nurse.

Virtual reality application is one of the non-pharmacological methods used 
to divert attention and has recently been used frequently in clinical care. While 
virtual reality applications facilitate interaction between children and healthcare 
providers, they partially restrict the relationship with the environment. Virtual 
reality applications are seen as an ideal application that reduces the need for 
pharmacological methods while at the same time attracting the attention of 
children and diverting their attention from the procedure and reducing the 
perception of pain.
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2. Pain in Children
Pain is a concept that has a very old history, and for centuries various definitions 
have been made on the concept of pain. The concept of pain is derived from the 
Latin word “poena” which means punishment and torture (1,2). The International 
Association for the Study of Pain (IASP) defines pain as “an unpleasant 
emotional sensation, whether due to tissue damage from a specific part of the 
body or not, affected by a person’s past experiences.”(3,4,5) According to the 
North American Nursing Diagnosis Association, pain is a condition in which 
the individual experiences and reports severe discomfort or an uncomfortable 
sensation (6). According to the clinically most useful definition, “Pain is what 
the patient says, it exists if he/she says it.”(7)

Pain; It is one of the negative experiences children often experience due 
to trauma, illness and medical interventions.(8) It leads to increased anxiety of 
the child and his/her family, difficult examinations and other procedures, and 
various somatic symptoms. Pain causes the activation of the physiological stress 
response in the child. Significant changes occur in many organ systems such as 
cardiovascular system, respiratory, metabolic, renal and immune systems (9). 
For this reason, it is very important for the nurse to evaluate and manage the 
pain experienced by the child as soon as possible. The nurses’ assessment of 
pain and their attitudes towards pain management are effective in reducing the 
pain experienced by the child (8).

2.1. Assessment of Pain in Children

Although pain is recognized as one of the important conditions in the lives 
of children, enough attention has not been given to the needs of children in 
painful interventions (10). Pain in children is generally underestimated and 
treated insufficiently, according to the American Academy of Pediatrics and the 
American Pain Society (11,12).

Pain management can only be effective through pain assessment. 
Uncontrollable pain affects the child’s life psychologically and physiologically 
negatively (13). Pain is assessed by the gathering of many people, including 
children, families and a multidisciplinary team (14). Correct assessment of 
pain in children facilitates pain control. Therefore, the goal of pain assessment 
is to determine and reduce pain and to provide effective pain management 
(15,16).
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The assessment and measurement of pain is difficult in children. These 
difficulties are due to constant changes in the child’s perception, interpretation 
and expression process in relation to the developmental stage, age, previous 
pain experiences, and other environmental factors (17). The nurse should be 
able to use verbal and non-verbal communication techniques according to 
their age and developmental levels while providing healthcare services to the 
children (18).

Nurses are in a unique position to assess pain as they make the most 
contact with children and their families at the hospital. Pain assessment is a 
multidimensional observational assessment of a patient’s pain experience. Pain 
is multidimensional, so the assessment should include factors that may affect 
the severity, location, duration and definition, impact on activity, and the child’s 
perception of pain.

Pain is a unique, pervasive and complex experience that varies from child 
to child (19). The nurse should take the developmental processes of children in 
perceiving their pain into account. The age, gender, anxiety, emotional state of 
the child, developmental level, temperament, cause of pain, family responses 
to pain, socio-cultural factors and the child’s past pain experiences affect the 
child’s perception of pain (12,16).

Important issues in evaluating patients with pain are the patient’s history 
and physical examination. While evaluating the patient, physical, psychological, 
social and environmental factors should be taken into consideration at every 
stage, and it should not be forgotten that these factors may affect the level of pain 
by causing mutual interaction. In addition, some different diagnostic tests may 
be requested as support. These issues are brought together and the necessary 
diagnosis and therapeutic approaches are made to the patient (20,21).

The basic principles in the assessment of pain are (21):

• Asking questions about the child’s pain and location.
• Using pain scales
• Evaluation of behavioral and physiological variables
• Determining the cause of pain
• Ensuring parental participation in nursing care
• To determine the child’s need for pharmacological or non-pharmacological

interventions,
• Implementing appropriate pain control interventions and evaluating results.
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Pain assessment takes place through individual reporting, behavioral observation 
or biological observations (22). The most important and gold standard in pain 
assessment is individual reporting (23). Individual reports provide the most 
accurate description of the location and severity of the patient’s pain. In order 
for the child to assess pain on his own, the child must develop an understanding 
of how to use the scale, not suffer excessively, communicate, and have the ability 
to cognitively comprehend the scale (such as not using sedation) (24,25).

2.2. Pain Management in Children

Controlling the pain is important in terms of relieving the individual, increasing 
the quality of life, reducing complications and shortening the duration of 
hospital stay (26). Pain that is not effectively managed in children can have 
negative psychological effects, which can lead to a higher level of pain intensity 
during medical procedures. In addition, reports of fear and pain experienced 
during childhood medical procedures are associated with fear and pain during 
subsequent medical procedures. This can cause people to avoid seeking 
medical care when they become adults (27). For this reason, it is necessary to 
evaluate the pain, to eliminate the existing pain and to minimize the pain that 
may occur. Relieving the pain of children and increasing the quality of life is 
one of the main goals of nursing care, and in 1989 Donna Wonga defined pain 
control as the basic principle in the philosophy of traumatic care. According 
to the World Health Organization (WHO), alleviation of pain is the most basic 
right (21).

In order to achieve the desired success in pain management in children, 
a multidisciplinary team approach is required. The effectiveness of pain 
management depends on the knowledge, behavior, attitude and clinical decision-
making abilities of the healthcare team members who maintain pain management. 
Nurses have an indispensable role in pain control. The points that make the nurse 
more important than other team members in pain management are the nurse is 
to be with the patient for a long time, to learn the patient’s previous pain history 
and the way of coping with the pain and to use these methods when necessary, 
to teach the patient how to cope with the pain, to guide the patient, to apply the 
planned treatment and to follow the results (21,28,29,30).

The American Society of Pain Management Nursing (ASPMN) states 
that nurses are responsible for providing pain control using pharmacological 
and non-pharmacological methods before, during and after the intervention 
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in people who have undergone painful procedures (31). American Academy 
of Pediatrics (AAP) and the American Pain Society (APS) report that pain 
and stress should be kept to a minimum even in minor interventions such as 
vascular access (11).

The goal in pediatric pain management is to relieve the pain in order to 
increase the quality of life and to enable the child to cope with the pain(32), to 
reduce the risk in the child and to provide the child with maximum benefit by 
minimizing the behavioral and physiological causes, intensity and duration of 
the pain (33). When planning pain management, the location, nature, severity 
of the pain, the age of the patient, the characteristics of the causing disease and 
medical facilities should be taken into consideration (32,34).

It may not always be possible to completely relieve the pain. The important 
thing is to reduce the pain in a way that will relieve the child (33). Emotional 
support of the child is important when planning pain management applications 
(34,35). It is very important that parents can be with their children during 
painful procedures. The primary supporters of children in hospitalization or 
painful procedures in hospital are their parents (36). In addition, informing the 
child and their parents about pain management can help alleviate their fear and 
anxiety (35).

The methods used in pain control in children are pharmacological and 
non-pharmacological methods. Pharmacological methods are effective and the 
most frequently used method because of their quick effect and easy application. 
However, when used unconsciously and in excess, they can increase costs 
and negatively affect physiological functions. In addition to pharmacological 
methods, non-pharmacological methods are also used in order to reduce the use 
of analgesics and increase the quality of life by eliminating the pain problem of 
the patient as much as possible (4,37,38).

Another approach used in the control of pain is non-pharmacological 
methods. Non-pharmacological methods can be used alone or in combination 
with pharmacological methods due to their pain-reducing effect (32,38). When 
non-pharmacological methods are used together with pharmacological methods, 
the use of analgesics decreases. Non-pharmacological methods provide pain 
relief by increasing the release of endorphins (38). These methods do not have 
harmful side effects such as analgesics, they are easy to apply and economical 
(4,39,40). Non-pharmacological methods are valuable alternatives for pain 
control, especially in small invasive procedures (41).
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3. Non-pharmacological Applications in Children
The use of non-pharmacological methods, either alone or in combination 
with pharmacological methods, has been increasing in recent years, as it has a 
decreasing effect on pain. Non-pharmacological applications are applications 
that increase the effectiveness of drugs when used with analgesics, and eliminate 
pain by releasing natural morphine and endorphin in the body without using 
analgesics (16,26,42,43,44).

Non-pharmacological applications are used to reduce the use of analgesics 
and to increase the quality of life by relieving the patient’s pain as much as 
possible (7). These methods also have advantages such as being easy to apply, 
having no side effects, and not bringing an economic burden (26,45). While 
choosing the method to be used, attention should be paid to the willingness of the 
child and family, and cognitive and behavioral methods which are appropriate 
for the child’s age should be used (12,16).

Non-pharmacological methods used in pain management in children can 
be grouped in three sections as physical methods, cognitive / behavioral methods 
and supportive methods. Positioning, skin stimulation, touching, massage, hot 
and cold applications are shown as physical method application. It creates 
methods that support the psychosocial care process of children. Practices such 
as reading books, providing the family with the child during the procedure, and 
watching videos are used as supportive methods. Cognitive / behavioral methods 
in pain management based on perceptual, behavioral and sensory aspects of pain 
include methods such as distraction and relaxation. Distraction techniques are 
one of the cognitive behavioral methods that can be used efficiently in acute and 
chronic pain management. The method of diverting attention that provides pain 
control and reduction effect by focusing the patient’s attention on a different 
point is an extremely successful nursing intervention. There are many methods 
that can be used effectively in the diverting process. Some of those; blowing 
balloons, talking about unrelated things, listening to music, watching cartoons, 
using virtual reality glasses (43,44).

4. Virtual Reality Applications
Tools that appeals to the visual and auditory senses have always been more 
interesting to people. Virtual reality (VR) is the combination of reality and 
imagination with fiction and technology, giving the person the feeling of 
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experiencing it in any situation in the virtual environment (46). VR is a new 
technology that can be considered as a result of the evolution of existing 
communication interfaces towards various levels of immersion. An important 
difference between VR and other media or communication systems is the feeling 
of being, the “feeling of being there.” (47)

VR is a concept made up of two opposite words, virtual and reality. 
Virtuality, which means hypothetical, unreal, originates from the Latin word 
“virtualis”. Reality is defined as all things that are real, all things, truth (48). It is 
a simulation developed as a new technology product, designed to create a virtual 
world similar to the real world using computer graphics (49).

VR is considered as systems where a real world situation can be 
perceived and interacted with one or more of five senses in a three-dimensional 
environment created by a computer, with the help of special devices worn on the 
body (50,51). Immersion, presence, and interaction are features that distinguish 
virtual reality from other technologies (52). VR has four basic elements: virtual 
world, immersion, sensory feedback and interaction (53).

While these VR technologies differ in their features, size and portability, 
the main features of virtual reality (immersion, presence and ecological 
validity) remain. Therefore, some of the key findings from studies (acceptance, 
availability, immersion, limited adverse effects) may be applicable in many 
existing technologies (47).

4.1. Virtual Reality History

It is possible to understand such technologies by discovering the developments 
that led to the emergence of virtual reality technology and other information 
ideas (53). Virtual reality, which appeared in the 1950s as a concept, has been 
widely used in application areas since the early 1900s (48,54). In the story 
called The Veldt, published by Ray Bradbury in 1950, a system that can give 
senses such as sound and smell, whose images are shown in 3D, is discussed. 
Ray Bradbury is considered the creator of the virtual reality concept with this 
extraordinary story (55). In some sources, it is stated that the term virtual reality 
was introduced to the literature by Jaron Lanier (46).

Developed by Morton Heiling in 1962, the multi-sensor simulator called 
“Sensorama” is the first modern virtual reality application. With this prototype, 
a motorcycle experience in New York City is simulated as if it were in the real 
world. The perception of reality was tried to be increased by presenting wind, 
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smell and city noise in the simulator. The first helmet sample developed by Ivan 
Sutherland in 1968, which is a model for the virtual reality glasses used today 
and called “Head Mounted Three-Dimensional Display”, was accepted as the 
first equipment of virtual reality. This helmet was suspended from the ceiling 
and was a heavy and primitive system worn by users to the head (53,56).

In the 1970s, virtual reality applications started to be developed intensively 
for military purposes and simulators with high level of surrounding features 
were used by the USA in order to increase the tank use, helicopter and flight 
experiences of the soldiers (57). By the mid-1970s, Myron Krueger used the 
term “artificial reality” (58).

The most advanced and important studies on virtual reality have been done 
by the American Space Agency (NASA); In the 1980s, NASA supported remote 
intervention possibilities using virtual reality on issues such as maintenance, 
repair and assembly of spacecraft (55). Computer scientist Jaron Lanier used 
the definition of Virtual Reality for the first time in 1989 (59). And he described 
virtual reality as something creative, graphical, auditory, and interactive (58). At 
that time, these systems were usually implemented with computer systems with 
real-time animation capability controlled by a head-fixed device and position 
tracker (59).

Virtual reality, which was used only in space and military research and 
entertainment sector as a computer-based, high-cost technology for years, has 
been used in health services and scientific fields with the increasing interest 
and decreasing costs over the years (46). Recently, with different applications 
developed for mobile devices, their use in the fields of medicine, education, 
entertainment, librarianship, museums, architecture and industrial design has 
become widespread (48).

In early 1993, virtual reality technologies used in healthcare in the treatment 
of mental illnesses had successful results in treating specific phobias such as fear 
of heights. It also contributes to many areas of healthcare services. Some of these 
areas are surgical procedures (remote-controlled surgical procedures, surgical 
procedures with augmented reality, and planning and simulation of procedures 
before surgery), medical treatment, preventive healthcare, patient education, 
medical education, visualization of huge medical data, increasing or improving 
capabilities, and architectural design of health care facilities. Practices in these 
areas not only improve the quality of healthcare services, but also contribute to 
the reduction of costs (46).
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4.2. The Effects of Virtual Reality Applications on Children

With virtual reality, the perception of being in the real world in a three-dimensional 
virtual environment created by computers can be sensually experienced and the 
opportunity to interact with the environment is provided (50). According to the 
hypotheses of the researchers, VR acts as a non-pharmacological method by 
using cognitive and attention processes on the body’s complex pain modulation 
system. Interestingly, studies report positive results in pain management, 
although its neurobiological mechanisms are not fully explained (49).

Virtual reality applications target cognitive and emotional pain pathways, 
thereby altering how pain signals are processed in the central nervous system, 
reducing pain intensity, distress and anxiety. This distraction is achieved through a 
number of mechanisms, such as virtual reality image editing and reduced pain (60).

VR can create complete immersion, giving a sense of being within the 
virtual environment. Thanks to immersion, attention focuses on the virtual 
environment by moving away from the attempt or application. Virtual Reality 
is especially interesting and effective for children because creative games are 
very interesting for children (61). Changing the pain perception to distract the 
user’s attention from the painful procedure reduces brain activity due to pain by 
interpreting a pain signal that comes with changing the path.(62) When patients 
feel they are in the image, their attention is effectively diverted from pain. Thus, 
the perception of pain is reduced (63).

VR is said to be a viable choice for pain management, due to cost savings 
in preventive healthcare and concerns over opioid addiction (64). This technique 
facilitates interaction between child and health care givers while partially limiting 
the relationship with the environment. In addition, taking into account the child’s 
choices, it allows the uploading of the videos he / she wants and likes (65).

Today, VR applications are used to make patients feel comfortable in the 
clinical environment, to increase their orientation to medical procedures and 
environments, and to reduce the perception of pain (61,63,66).

The effect of virtual reality glasses on pain management is related to the 
limited attention capacity of the individual. Pain requires attention, if some of 
this attention can be directed (for example, by interacting with virtual reality 
glasses), the patient will react more slowly to incoming pain signals. Virtual 
reality glasses do not block pain signals, but play directly and indirectly on 
signaling through attention, concentration, pain perception, emotion, memory 
and other senses (67).
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Today, the use of VR applications in many areas such as health, 
communication, education, entertainment, gaming, engineering, marketing 
and vocational education is increasingly common (68). In recent studies, it is 
stated that it is used in the fields of neurocognitive assessment, psychotherapy, 
rehabilitation, pain management, prevention and treatment of eating disorders, 
communication training, vocational preparation training, and social skills 
training (47). In addition, virtual reality applications are used in many areas such 
as the treatment of phobias, the treatment of anxiety disorders, the reduction of 
pain and pain, the treatment of obesity and eating disorders, psychotherapy, the 
treatment of mental disorders and the diagnosis of diseases (46).

The literature generally shows that VR applications have little or no side 
effects in pediatric patients. Nausea, dizziness and the risk of collision are rare 
adverse events (66). These side effects can be seen in children diagnosed with 
migraine and epilepsy (44,69). Therefore, caution should be exercised in VR 
applications in these children.

4.3. Studies on Virtual Reality Applications

It has been shown in many studies that virtual reality is an interventional tool 
with positive results in painful procedures in children. When the literature is 
examined, it has been observed that virtual reality glasses are mostly used in 
virtual reality applications and their use in the field of nursing has increased in 
recent years.

The following results were observed in some studies in the literature; In 
a study conducted with 16 children with cerebral palsy between the ages of 8 
and 12, it was found that VR game is a motivating activity and therefore has the 
potential to be a successful intervention tool (70); of the 200 children between 
the ages of 4-13 during the blood collection process, both the group in which the 
Angry Birds game was played and the group in which other distracting practices 
were applied, there was a decrease in the level of pain and attention-drawing 
methods were effective (39); anxiety and pain levels were lower in the group 
who watched virtual reality videos of 140 children between the ages of 3-11 
who underwent blood collection in the pediatric emergency clinic (71); during 
the vascular access procedure, watching videos with virtual reality glasses 
decreased the perception of pain in children and increased compliance with 
the procedure(67); the use of virtual reality glasses during tooth extraction in 
children did not provide the expected decrease in anxiety values, but successfully 
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reduced the perception of pain(65); in a randomized controlled study using 
virtual reality glasses during lumbar puncture procedure in children with cancer, 
it was found that children who used virtual reality glasses got lower scores on 
the pain scale, but there was no statistical significance between the two groups 
(72); in a study conducted with 41 children with cerebral palsy, it was found 
that virtual reality therapy is a very useful treatment method that can be used 
in cerebral palsy rehabilitation and improve mental adaptation, and adding this 
method to conventional rehabilitation techniques will significantly increase the 
success of the treatment (73);  in a study conducted with 120 children in the 9-12 
age group, it was stated that the pain scores felt by the children who used virtual 
reality glasses during the blood draw were lower than the pain scores felt by the 
children in the control group (74).

5. Result
Identifying, evaluating and managing the sources of pain and anxiety in children 
is different and specific compared to adults. It is necessary to reduce the perception 
of pain in order to ensure the adaptation of the child to the hospital environment, 
to strengthen the communication with the health care providers and to increase 
the quality of the care provided. Virtual reality applications, one of the non-
pharmacological methods for pain in children, have been used frequently in 
clinical care recently. While virtual reality applications reduce the need for 
pharmacological methods, it is also seen as an ideal application that attracts the 
attention of children and diverts their attention from the procedure and reduces 
the perception of pain. The use of virtual reality applications should be more 
widespread in eliminating or minimizing pain, anxiety and fear in diagnostic 
and therapeutic interventions in pediatric patients. It has been observed that 
mostly the effect of virtual reality applications on pain has been examined in the 
literature. Apart from pain, more studies are recommended on anxiety, fear, and 
its effect on hospital adherence. In addition, studies can be planned to compare 
the effects of virtual reality applications in different age groups of childhood.
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Hypothyroidism

The most common endocrine disorder after diabetes in women of 
reproductive age is thyroid disease.1 Thyroid dysfunctions can lead to 
infertility, significant pregnancy complications, and severe problems 

in the fetus and newborn. The clinical and experimental studies demonstrating 
that thyroid hormone is necessary for the brain and neurological development 
of the fetus have increased the interest in hypothyroidism during pregnancy. 
Therefore, early diagnosis and treatment of thyroid diseases during pregnancy 
are crucial in terms of preventing maternal and fetal morbidity

Prevalence and Etiology
The prevalence of hypothyroidism in pregnancy is 0.3-0.5%. Subclinical 
hypothyroidism, which does not cause clinical symptoms but is determined by 
high TSH (Thyroid Stimulating Hormone) levels, has been reported at a rate of 
2-3%.2,3

The most common cause of hypothyroidism during pregnancy is iodine 
deficiency. In pregnant women with sufficient iodine intake, the most common 
cause is autoimmune thyroiditis. Other etiological factors are previous thyroid 
surgery, radioactive iodine therapy, previous subacute thyroiditis, postpartum 
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thyroiditis, and uncontrolled medication4. (amiodarone, lithium, antithyroid 
drug)

Thyroid functions during pregnancy and physiological adaptation to 
pregnancy

Pregnancy causes physiological changes in thyroid functions. In order 
to diagnose thyroid diseases during pregnancy, it is necessary to know the 
changes related to thyroid hormone and iodine metabolism in pregnant women.
HCG (Human chorionic gonadotropin), which increases with pregnancy, also 
has a thyrotrophic effect.Thyroxine-binding globulin level also increases with 
the effect of increasing estrogens. Accordingly, while total thyroid hormone 
levels increase, a relative decrease occurs in free thyroid hormone levels. This 
condition will lead to an increase in TSH stimulation. In addition, the increase 
in peripheral hormone metabolism and placental deiodination of T4 during 
pregnancy will indirectly cause TSH stimulation.5,6 Thyroid gland will respond 
to increased stimulation with thyroid hormone synthesis. Adequate intake of 
iodine is required for thyroid hormone synthesis.

While the daily need for iodine is 100-150 µg in adults, 250 µg/day iodine 
is needed in pregnant women due to increased renal iodine clearance, placental 
iodine passage, and physiological changes. During pregnancy, thyroid gland 
functions must increase by 30-50%. For this, iodine, which is the main thyroid 
hormone structure, must be taken in sufficient amounts. Therefore, during 
pregnancy, the thyroid volume increases by 20-30%, and this increase returns to 
normal after birth. However, in the case of iodine deficiency, a relatively low T4 
level may occur create a goitrogenic effect.

Clinical Significance of Hypothyroidism in Pregnancy
Fetal, maternal morbidity and mortality increase in pregnant women treated 
insufficiently or untreated. Complication risk in pregnant women who receive 
adequate treatment is similar to the overall population.

Maternal and fetal complications that can be seen in pregnant women with 
hypothyroidism;

Maternal Effects in Pregnant Women with Hypothyroidism6,7,8

*Spontaneous abortion and increased curettage rates
*Gestational hypertension and preeclampsia
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*Anemia
*Cardiac dysfunction
*Preterm labor
*Abruptio placenta
*Postpartum hemorrhage
*Neuropsychiatric effects
Fetal Effects in Pregnant Women with Hypothyroidism6,7,8

*Fetal distress
*Premature
*Small for gestational age
*Congenital malformations
*Perinatal death
*Brain development impairment

Subclinical hypothyroidism also carries similar risks for pregnant and fetuses. 
In a retrospective study in which pregnant women diagnosed with subclinical 
hypothyroidism were included, the low rate was reported as 71.4% and preterm 
labor rate as 78.6% .9

The fetus produces its own thyroid hormone starting from the 12th 
gestational week. T4 provides the thyroid hormone requirement of the fetus 
passed from the mother through the placenta until this time.

Not only in hypothyroidism but also children born to pregnant women with 
subclinical hypothyroidism, neuro-psychological developmental disorders have 
been shown in some studies. Not only in hypothyroidism but also in children of 
subclinical hypothyroid pregnant women, neuro-psychological developmental 
disorders have been shown in some studies.10,11,12,13

In a cohort study conducted by Negro et al. with many case series, they 
found that the rate of spontaneous pregnancy loss was higher in pregnant women 
with a TSH level of 2.5-5 mIU/L with negative thyroid autoantibodies in the 
first trimester compared to those with a TSH level of < 2.5 mIU/L. When these 
groups were compared in terms of preterm labor risk, no significant difference 
was found. As a result, they reported that the upper limit of TSH should be 2.5 in 
pregnant women with negative thyroid autoantibodies in the first trimester due 
to the increased risk of pregnancy loss.10

The first prospective randomized controlled study on hypothyroidism in 
pregnancy was conducted by Haddow et al.11. In this study, school-age children 
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of pregnant women with high TSH levels during pregnancy were evaluated with 
15 different neuropsychiatric tests. When the tests of the children of pregnant 
women with euthyroid and hypothyroidism at 17 weeks of gestation were 
evaluated, disorders were reported in the test results, including IQ tests, in the 
children of the hypothyroid group. This study emphasizes the importance of 
maternal thyroid hormones on the neuropsychiatric development of children in 
the first trimester. According to the results of the meta-analysis of Abalowich 
et al., including seven studies; Significant neuropsychiatric and intellectual 
deficits have been found in infants and children of pregnant women with mild to 
moderate iodine deficiency.2

Diagnosis
The recommended test for determining thyroid function in pregnant women 
is TSH. However, changes in thyroid physiology in pregnant women make 
diagnosis difficult. These physiological changes have created the need to 
determine TSH value ranges according to the week of gestation.

For the diagnosis and treatment of hypothyroidism during pregnancy, it is 
necessary to know TSH values   adjusted for the gestational week.12,13 Since fetal 
T3 hormone during pregnancy is caused by maternal T4, T4 is also essential 
in the follow-up of hypothyroidism. If maternal T4 levels are low, fetal T3 
levels will also be low. Psychomotor development disorders were found in the 
evaluations made in the 10th month in the children of pregnant women who 
were found to have maternal low T4 levels at the 12th week of pregnancy.14,15

Children with mothers who have hypothyroidism in the first trimester of 
pregnancy were followed for three years, and it was stated that psychomotor 
disorder continued. However, no psychomotor disorder was determined in the 
children of mothers who had hypothyroidism after 24 weeks of gestation.16

Although the clinical importance of hypothyroidism in pregnant women 
is known, checking of routine TSH levels is still controversial. As a result of 
the studies conducted, the American College of Obstetrics and Gynecology 
(ACOG)   association recommends that there is no need to evaluate thyroid 
functions in pregnant women routinely.17 On the other hand, the American 
Association of Clinical Endocrinology (AACE) states that TSH levels should be 
evaluated before pregnancy or in the first trimester of pregnancy.18 According to 
the Endocrine Society (ES), it is unnecessary to assess routine hormone levels of 
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all pregnant women in terms of thyroid functions. However, in terms of thyroid 
disease, ‘case detection’ screening is recommended.2 

The patient group recommended by ES for ‘case detection’ screening is 
shown in Table 1.

However, despite the screenings made based on these recommendations, it 
has been reported that one-third of the patients with hypothyroidism could not 
be diagnosed.19

Table 1: Patient group recommended to be screened for thyroid dysfunction

 ¾ Have a history of thyroid disease
 ¾ Thyroid antibody positivity
 ¾ Have a family history of thyroid disease
 ¾ Have a history of autoimmune disease
 ¾ Presence of Goiter
 ¾ Presence of Type 1 Diabetes
 ¾ Have a history of radiation to the head and neck

 ¾ Have a history of infertility, preterm labor, or abortion

Treatment
Treatment of hypothyroidism during pregnancy; consists of maintaining 
adequate iodine intake and FT4 levels within the trimester-specific range. 
The goal TSH level should be < 2,5 mU/L. It is a practical recommendation 
to increase the L-T4 dose by 30-50% after pregnancy in patients diagnosed 
with hypothyroidism before pregnancy. If hypothyroidism is caused by RAI 
(radioactive iodine also called I-131) or thyroidectomy, an increase of 45% in 
the drug dose is recommended, and a 25% increase is recommended if it is 
caused by autoimmune thyroiditis. 25-37% of pregnant women with normal 
TSH levels in the 1st and 2nd trimesters may need to increase the drug dose in 
the 3rd trimester.20 Furthermore, hypothyroidism is diagnosed during pregnancy, 
L-T4 replacement should be started at 100-150 µg/day or 1,7-2,0 µg/kg/day.
Due to the increased need for thyroid hormone towards the end of pregnancy,
the drug can be increased to the maximum replacement dose (2.0 - 2.4 µg / kg /
day).2 Even the disease continues in pregnant women with a diagnosis of thyroid
cancer and receiving suppression therapy, the goal serum TSH level should be
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< 0,1 mU/L.10 If there is no recurrence, residual disease, or metastasis as a 
result of clinical and laboratory evaluation, the goal TSH level should be ranged 
between 0,1 to 0,5 mU/L. As a result, if hypothyroidism is detected during 
pregnancy, thyroid functions should be rapidly returned to normal regardless 
of its etiology (regardless bu şekilde sona gelmeli). The goal serum TSH levels 
should be < 2,5 mU/L.

Follow-up
FT4 and TSH levels should be checked 4-6 weeks after starting treatment in 
pregnant women who need L-T4 replacement. After parturition, the L-T4 dose 
should be reduced to the pre-pregnancy dose. Serum TSH levels should be 
checked in the postpartum 6th week. The risk of postpartum thyroiditis is high 
in pregnant women with antibody positivity. This group should be followed up 
for at least six months after parturition.21

Important Notes

 ¾ The thyroid gland increases its functions by 30-50% during pregnancy
 ¾ Daily iodine requirement, which is 100-150 µg in adults, increases to 250

µg and above during pregnancy.
 ¾ In countries with iodine deficiency in the world, pregnant women should

receive 100-150 µg/day iodine support in addition to the diet
 ¾ Free forms of thyroid hormones are used in pregnancy follow-up.
 ¾ If serum TSH levels > 2-2,5 mU/L despite adequate iodine intake in

autoantibody-positive pregnant women, the replacement will be required.
 ¾ Thyroid hormone levels should be checked at 4-6 week intervals in

pregnant women with L-T4 replacement.

Hyperthyroidism
Hyperthyroidism is characterized by abnormally high thyroid hormone levels 
caused by increased synthesis and secretion of thyroid hormone from the 
thyroid gland.22 During pregnancy, the thyroid gland is affected by physiological 
hormonal changes, and accordingly, both mother and fetus hormone levels 
change during pregnancy. The physiological levels of serum TSH, T4, free 
T4, T3 hormones used in the diagnosis of hyperthyroidism during pregnancy 
differ from those who are not pregnant. Serum TSH levels decrease in the first 
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trimester of pregnancy due to the increase in hCG. It should be kept in mind that 
serum T4 levels increase physiologically due to increased T4 binding globulin 
levels.23

Prevalence and Etiology
Subclinical hyperthyroidism can be seen at a rate of 1.7% during pregnancy, but 
this situation does not cause consequences that will affect pregnancy.24 Overt 
hyperthyroidism during pregnancy is a less common condition. Its prevalence 
is 0.1-1%, and it may cause some complications both to the mother and the 
fetus.25 The most common causes of hyperthyroidism in pregnant women are 
gestational transient thyrotoxicosis and Graves due to thyroid stimulation of 
TRAbs (Tsh receptor antibodies) 26

Gestational transient thyrotoxicosis and associated hyperemesis 
gravidarum realized in approximately 2.4% of pregnant women due to increased 
hCG levels are mostly a cause of hyperthyroidism that heals without treatment. 
The other causes of thyrotoxicosis during pregnancy include toxic multinodular 
goiter or solitary toxic thyroid adenoma. Hyperthyroidism due to these two 
etiologies is rare in women of childbearing age because they mainly occur later 
in life.27 Less common causes of hyperthyroidism in pregnancy include subacute 
de Quervain’s, painless and acute thyroiditis. Factors such as overtreatment with 
levothyroxine (LT4), struma ovarii, and functional thyroid cancer metastases 
can also cause thyrotoxicosis.26

Maternal and fetal complications that can be seen in pregnant women with 
hyperthyroidism;

The TRAbs in the pregnant may pass through the placenta and cause 
Graves’ disease in the fetus or newborn.28 It is unnecessary for the mother to 
be active with Graves’ disease during pregnancy for this condition to occur. In 
pregnant women who were previously treated for Graves’ disease, TRAbs levels 
threefold higher than the normal limit can pass through the placenta and cause 
1-5% of the disease.29

In this case, complications which tachycardia (heart rate> 160 / min), 
goiter, advanced bone age, heart failure hydrops, preterm birth, stillbirth can 
be occured in the fetus.30,31,32 Heart failure has been reported in about 10% of 
pregnant women with severe untreated hyperthyroidism, much higher than that 
seen in non-pregnant patients.33 In infants of mothers with hyperthyroidism 
who are not treated appropriately, a situation compatible with central congenital 
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hypothyroidism and decreased serum T4 and TSH levels can be detected, 
possibly due to T4 passing through the placenta suppressing TSH in the fetus.34 
This situation, which is seen immediately after parturition, is expected to 
resolve within 1-2 weeks. However, prolonged cases have also been reported. 
In addition, in instances where hyperthyroidism is treated more than necessary, 
iatrogenic hypothyroidism may be seen in the fetus due to the effect of antithyroid 
drugs passing through the placenta.35 Immediate recognition and appropriate 
treatment of hyperthyroidism during pregnancy are essential to prevent negative 
consequences for both the mother and the fetus.

Diagnosis
Considering the physiological changes affecting the thyroid during pregnancy, 
different reference TSH values have been determined for each trimester of 
pregnancy.36 (Table 2). For the diagnosis of hyperthyroidism, based on normal 
reference values during pregnancy, low TSH levels, high free T3, and increased 
free T4 values should be 1.5 fold more elevated than the normal reference value.

Clinical diagnosis of hyperthyroidism may be challenging since nonspecific 
findings such as nervousness, sweating, shortness of breath, tachycardia, and 
systolic murmur in the heart can be seen in both pregnancy and hyperthyroidism. 
In this case, the presence of more hyperthyroid-specific findings such as weight 
loss, goiter, ophthalmopathy, and murmur on the thyroid should be investigated.

Table 2: Serum TSH levels set as a reference during pregnancy

TSH (mlU/L) lower limit TSH (mlU/L) upper limit
1. Trimester 0,1 2,5
2. Trimester 0,2 3
3. Trimester 0,3 3

Treatment
Antithyroid drugs

The antithyroid drugs used in pregnancy are methimazole/carbimazole and 
propylthiouracil. Both groups of medicines pass through the placenta similarly 
to the fetus. Anomalies such as aplasia cutis and co-anal / esophageal atresia 
have been reported as case reports in babies of mothers who used methimazole/
carbimazole in the first trimester of their pregnancy.36,37 In a recently published 
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retrospective study on drug safety in pregnancy, antithyroid drug use was detected 
in 127 of 18,131 cases born with malformation and reported drug exposure in the 
first trimester of pregnancy. In this study, methimazole/carbimazole exposure in 
the prenatal period, especially between the 3rd and 7th weeks, was found to be 
significantly associated with choanal atresia, omphalocele, total situs inversus, 
and dextrocardia (p <0.01). Situs Inversus and dextrocardia were reported in 
three of the cases treated with propylthiouracil, isolated unilateral renal agenesis/
dysgenesis in two, and cardiac outflow tract anomalies in five cases.37 

However, in this study, it is difficult to make a statistical evaluation due 
to the small number of cases. In the guidelines published in 2011 and 2012, 
propylthiouracil was recommended as an antithyroid drug in the first trimester 
as it is safer in terms of embryopathy.38 However, it has been reported that if 
propylthiouracil is not available, the patient cannot tolerate propylthiouracil, 
or if side effects related to propylthiouracil have developed in previous use, 
methimazole may also be started. Moreover, it was recommended to switch 
from methimazole to propylthiouracil in pregnant women who treated with 
methimazole before.

In a study reported from Denmark, the records of live births between 
1996 and 2008 were examined retrospectively. The children of mothers who 
used antithyroid drugs during early pregnancy were identified and evaluated 
in terms of congenital anomalies. Five hundred sixty-four of these children 
were exposed to propylthiouracil during early pregnancy, 1.097 of them 
were exposed to methimazole or carbimazole, 159 children were switched 
to propylthiouracil from methimazole/carbimazole during early pregnancy, 
3.543 births used antithyroid drugs in the prenatal period, and 811.730 had 
never had an antithyroid medication. It was determined that no medication 
was used.

Congenital anomalies were 8% in the group using propylthiouracil, 
9.1% in the group treated with methimazole/carbimazole, 10.1% in the group 
treated with methimazole/carbimazole and propylthiouracil, 5.4% in children of 
mothers who did not use antithyroid drugs during pregnancy, and It was found 
to be 5.7% in children whose mothers were not exposed to drugs. The difference 
was statistically significant (p <0.001).In this study, exposure to methimazole/
carbimazole and propylthiouracil was associated with malformations in the 
urinary system.
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On the other hand, propylthiouracil exposure was found to be associated with 
facial and neck defects, choanal atresia, oesophageal atresia, omphalomesenteric 
duct anomalies, and omphalomesenteric duct anomalies were also observed in 
those exposed to methimazole/carbimazole.

As a result of this study, the claim that it is safer to switch from 
carbimazole/methimazole/methimazole to propylthiouracil during early 
pregnancy is questioned, as the guidelines suggest, and the need for newer and 
safer antithyroid drugs is emphasized.39

Considering that not all pregnancies develop in a planned manner, it is 
mandatory to inform patients of childbearing age and use antithyroid drugs about 
the teratogenic effects of drugs. Furthermore, since both drugs have side effect 
problems, it seems feasible to consider permanent solutions for hyperthyroidism 
in fertile patients.

When indicated for use of antithyroid drugs during pregnancy, it should 
be started at a dose of 10-20 mg / day methimazole or 200-400 mg / day 
propylthiouracil. During treatment, thyroid function tests should be evaluated 
and followed up monthly. In patients who started propylthiouracil in the 
first trimester, switching to methimazole is recommended in the 2nd and 3rd 
trimesters due to the risk of hepatotoxicity. In patients switched to methimazole 
treatment, thyroid function tests should be evaluated first two weeks later and 
then every 2-4 weeks. If it is decided to continue treatment with propylthiouracil 
after the second trimester, it will be appropriate to check the liver function tests 
of the patients every 3-4 weeks.40

Despite taking very low doses of antithyroid drugs for a while and these 
patients have low TRAb levels, about 20-30% of the pregnant women treated 
with antithyroid drugs continue to remain euthyroid in the third trimester. Some 
clinicians recommend discontinuation of antithyroid drug therapy in this group of 
patients. However, there is also a study stating that there is less hyperthyroidism 
recurrence in the postpartum period in pregnant women who continue to receive 
antithyroid therapy even at low doses throughout pregnancy and lactation.41

Surgical Treatment
Thyroidectomy during pregnancy is not a frequently preferred treatment 
method. However, subtotal or total thyroidectomy may be preferred in patients 
using antithyroid drugs if serious side effects have developed in relation to the 
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treatment if high doses of antithyroid drugs are required to be used continuously 
(> 30 mg/day for methimazole, > 450 mg/day for propylthiouracil) or if the 
patient is incompatible with the treatment.40 The ideal time for thyroidectomy 
is the second trimester of pregnancy. As organogenesis is completed, the uterus 
is relatively more resistant to stimulation, and the risk of spontaneous abortion 
is reduced.

Radioactive Iodine Therapy
Radioactive iodine therapy, another commonly used treatment modality in 
hyperthyroidism, is contraindicated in pregnancy and patients who want to 
conceive in a short time. Radioactive iodine treatment, especially when started 
after the 12th week, may cause permanent damage as the thyroid tissue of the 
fetus has grown. However, there is not enough data for curettage in pregnant 
women who received I-131 treatment before pregnancy was noticed. Therefore, 
the patient and their relatives should be informed about the possible risks 
associated with radiation and hypothyroidism, and the decision for curettage 
should be taken together. If radioactive iodine is to be used for diagnosis or 
treatment in women of childbearing age, pregnancy must be excluded by first 
checking serum hCG levels.

Plasmapheresis
In the treatment of hyperthyroidism, therapeutic plasma exchange is a treatment 
method used in cases where severe drug side effects emerge, and patients need 
to be prepared for thyroidectomy quickly. In the literature, a single case has 
been reported in which severe side effects occurred and the drug had to be 
discontinued due to hyperthyroidism due to Graves’ disease during pregnancy 
and the pregnant woman was operated on in the second trimester with the help 
of plasmapheresis and a healthy birth was performed.42

Treatment Goals
In the presence of hyperthyroidism during pregnancy, the mother’s free T4 level 
is aimed to be at the upper limit of normal, the total T4 value to be 1.5 times 
the upper limit of the normal reference value, and the free T4 index to be in the 
upper third of the standard reference value.43 In order to achieve these goals, the 
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free T4 index and TSH should be checked monthly when antithyroid drugs are 
initiated. It is appropriate for serum TSH levels to be 0.1-2.0 mU / L. It is safer 
for the fetus to be in a mild hyperthyroid state by giving the lowest possible drug 
dose. If the patient has no clinical complaints and the free T4 value is within the 
specified range, it may be accepted that the TSH level is lower than 0.1 mU / L

Follow-up
TSH receptor antibodies, especially when they are 2-3 times higher than normal, 
can stimulate the thyroid tissue of the fetus by crossing the placenta and cause 
hyperthyroidism in the fetus. Hyperthyroidism in the fetus is a rare condition 
with a rate of 0.01%.44 

If the pregnant has active Graves, got treatment for Graves previous to 
pregnancy, got an infant with neonatal Graves disease, or got high TRAb’s, it is 
recommended to check the level of TRAbs at 22 weeks of gestation.45

Fetal ultrasonography can be performed to evaluate the thyroid functions 
of the fetuses of pregnant women who have high TSH receptor antibody levels or 
who got medication with antithyroid drugs. In the presence of thyroid dysfunction, 
presence of goiter in the fetus, growth retardation, hydrops, advanced bone age, 
tachycardia, and heart failure can be detected in the ultrasonography.

Babies of mothers who have high TRAbs levels during pregnancy or who 
treated with antithyroid drugs should definitely be evaluated in terms of thyroid 
functions in the early postnatal period.

Another method rarely used in follow-up is cord blood sampling. However, 
if the diagnosis of hyperthyroidism in the fetus is not certain and the treatment 
will be changed according to the result, this method can be applied.

Lactation
Antithyroid drugs are considered safe when used in average doses during 
the lactation period. If the breastfeeding mother will be using an antithyroid 
medication, it is recommended to take the drug in divided doses and immediately 
after breastfeeding so that the baby is not affected. It is recommended that the 
amount of methimazole should not exceed 20-30 mg/day and propylthiouracil 
dose not exceed 300 mg/day. However, the use of propylthiouracil in lactation 
is not recommended due to the risk of hepatotoxicity, as in the second and third 
trimesters of pregnancy.
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1. Introduction

Toluene is an industrial organic solvent with neurotoxic properties 
that is commonly abused to trigger brain response. Toluene abuse is 
associated with decreased memory capacity, cognitive impairment and 

depression-like behaviors. The targets and toxic mechanisms of oral and inhaled 
toluene exposure are poorly understood (1). 

The lymphatic system does not extend to the central nervous system (CNS) 
despite the importance of waste removal from the brain (2,3). Researchers have 
defined an alternative method of waste removal for the CNS through fMRI 
examinations, which was termed ‘the glymphatic system’(4). 
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Aquaporin-4 (AQP-4) is one of the most common molecules in the brain, 
it is found in the membranes of astrocytes and the blood-brain barrier. The 
clearance of dissolved proteins fluid, waste materials, and ECF from interstitial 
space is facilitated by astrocytic AQP-4 channels (5). The presence of AQP-4 
channels in the ependymal cells suggest that these cells take part in waste 
management in the brain (6).  

Aquaporin-1 (AQP-1) is found in the epithelium of the choroid plexus. 
Shields et al. (7) suggested that AQP-1 might take part in cerebrospinal fluid 
production. The presence of AQP-1 molecules in astrocytes is associated with 
significant changes in tissue homeostasis and edema due to hypermetabolism. 
Nesic et al. (8) indicate that AQP-1 may be related to the transmembrane 
transport of O2 and CO2 molecules. The downregulation of AQP-1 in the choroid 
plexus improved survival rates in animals with acute water intoxication-induced 
cerebral edema (9).

Our study aims to establish the effects of high-dose acute toluene on 
the glymphatic system by evaluating AQP-1 and AQP-4 molecules, and to 
investigate how the glymphatic system is affected by toxic accummulation and 
by the subsequent oxidative stress in the brain parenchyma. 

2. Materials and Method
This study was approved by the Local Ethics Committee of Kahramanmaras 
Sutcu Imam University, Turkey (Date - 2016/08, Decision number - 07).   A 
total of 20 adult male New Zelland rabbits (weighing 4-6 kg) were used in the 
experiment. The experiments were conducted in Kahramanmaras Sutcu Imam 
University Experimental Medicine Research Laboratory, that also supplied the 
laboratory animals.  The subjects were divided into two groups: toluene (n=10) 
and control (n=10). The rabbits in the toluene group were administered a single 
dose of 876 mg/kg intraperitoneal (IP) toluene (1).   Blood samples were drawn 
5 hours after the administration of toluene, and were centrifuged to separate the 
plasma. The plasma samples were kept at -80°C. The rabbits were euthanized 
after being anesthetized with a combination of 10 mg/kg xylazine (Rompunenj; 
Bayer Turk Chemistry Industry. Ltd. Corp., Istanbul, Turkey) and 100 mg/kg 
ketamine HCl (Ketalar, Eczacibasi Istanbul, Turkey)  by exsanguination and 
cervical dislocation. Brain tissue was removed from the cranial cavity. A total of 
20 whole (both hemispheres intact and connected) rabbit brains were obtained 
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from the two groups. 10 whole brains were flash frozen in liquid nitrogen and 
preserved at -80°C future analyses.  The remaining 10 whole  intact brains were 
preserved in a 10% formalin solution (10).

2.1. Biochemical Analyses

2.1.1. Preparation of the tissue homogenate 

The brain tissue samples were weighed and homogenized with 0.15 M KCl 
solution (10%, w/v). The tissue homogenates was stored at -80°C until analysis 
(11).

Glucose levels of brain homogenates and blood serum samples were 
measured through chemiluminescence (MINDRAY Perfect Plus 400, CHINA). 
The following kits were used to analyze the samples: Rabbit TNF-α ELISA Kit 
(Cat. No: E-EL-RB0011), Rabbit GFAP ELISA Kit (Cat. No: E0224Rb), Rabbit 
dopamine ELISA Kit (Cat. No: MBS7213987), and Rabbit Nerve Growth Factor 
(NGF) ELISA Kit (Cat. No: MBS041826). Subsequently, the absorbance values 
of all samples were measured at 450 nm.

2.1.2. Assay of AOPP, MDA and SOD levels.

Similar to the previous studies, AOPP levels were evaluated with the 200 mL 
brain tissue homogenate samples, which were diluted in the phosphate buffered 
saline in a proportion of 1:5 using spectrophotometric methods (readings at 340 
nm. Similar to the previous studies, 200 mL brain tissue homogenate samples 
were mixed with 1000 mL tris-HCl buffer and 300 mL KH2PO4 for the evaluation 
of the MDA levels. The reaction was stopped with 1 mL 10% trichloroacetic 
acid after the incubation. Following the warming of samples in the boiling 
water for 20 minutes, after adding 1500 mL thiobarbituric acid, the samples 
were read with the spectrophotometric methods at 532 nm. SOD activity was 
determined with the measurement with the spectrophotometric methods at 560 
nm according to the inhibition principle of the nitro blue tetrazolium (NBT) 
with the xanthine-xanthine oxidase system, which was used as the superoxide 
generator (12). 

2.1.3. Assay of GSH-Px levels

Glutathione peroxidase (GSH-Px) activity was measured using the method 
that was developed by Paglia et al. GSH-Px catalyzes the oxidation of GSH 
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(glutathione) into GSSG (oxidized glutathione). Any hydrogen peroxide will 
react with these GSSG molecules, and reduce them into GSH with the help of 
glutathione reductase and NADPH. The oxidation of NADPH to NADP+ will 
decrease the absorbance level at 340nm. Measuring this change in absorbance 
can be used to measure GSH-Px activity (10).

2.2. Immunohistochemistry

4-5 µm-thick sections of the paraffin-embedded blocks were placed on
polylysine-coated slides. The tissues were deparaffinized, rehydrated and
placed in a citrate-based buffer solution (pH: 6). The samples were heated at
600W for 5 minutes in a microwave oven for antigen retrieval. The samples
were treated with H2O2 to prevent endogenous peroxidase activity and with
Ultra V Block solution to prevent non-specific background staining (Ultra
V Block, TA-125-UB, Thermo Fisher Scientific Inc., USA). The samples
were incubated with primary antibodies for 60 minutes (Rabbit polyclonal
to Aquaporin 1,  Abcam, AB15080, Camridge, UK; Rabbit polyclonal to
Aquaporin 4,  Abcam, AB15117, UK, Rabbit polyclonal to Bax,  Abcam,
AB37150, Camridge, UK; Rabbit polyclonal to Caspase-3,  Abcam,
AB34710, UK). Next, the samples were incubated with the secondary
antibody for 30 minutes (Biotin Anti-Mouse IgG, Diagnostic BioSystems, KP
50A, Pleasanton, USA), and with streptavidin horseradish peroxidase for 30
minutes. After ethyl carbazole application, they were stained with Mayer’s
hematoxylin.  The negative control tissues were prepared with the same steps
except for the primary antibody step, where phosphate buffered saline (PBS)
was used instead. The tissues were finally washed with PBS and distilled
water, and covered. The prepared slides were evaluated and photographed
under a microscope (Euromax Oxion) (12).

H-score analysis was used to evaluate the immunohistochemical
staining. The immunoreactivities of AQP-1, AQP-4, Bax and Caspase-3 were 
semiquantitatively evaluated: 0, no staining; 1+, weak but detectable staining; 
2+, moderate staining; 3+, strong staining. An H-score was calculated for 
each tissue sample using the percentage of cells that match staining quality 
categories. The H-score was calculated using the following formula: ΣPi (i l 
+), where i is the intensity score and Pi is the percentage of qualifying cells. 
The slides were evaluated under a light microscope with a magnification 
of x40.  The percentages of cells with different staining intensities were 
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determined independently by two different researchers that did not know the 
type or source of the tissues. The average of the two researchers’ results were 
used for the calculation.

2.3. Statistical Analysis

The Shapiro-Wilk test was used to determine normality. The significance level 
was set at 5% (p< 0.05). Quantitative data were presented as mean ± SD (standard 
deviation). SPSS 20.0 package program was used for statistical analysis (SPSS 
Inc. Software Chicago, IL, USA). The difference between the two sample 
groups was calculated with the Kruskal-Wallis test, and the significance of 
this difference was tested with Mann-Whitney U-test. The two groups were 
compared with independent-samples t-test.

3. Results
3.1. Biochemical Analysis

In the toluene group, serum glucose and LDH levels were significantly higher, 
brain tissue glucose levels were significantly lower, but LDH levels were 
significantly higher (p<0.05) (Table 3). Also, in the brain tissue, TNF-α and 
IL-1B levels, and levels of oxidative stress markers MDA and AOPP were 
significantly higher (Table 1 and 2). However, NGF, GFAP, dopamine (DA) 
and antioxidant enzyme (SOD and GSH-Px) levels were significantly lower 
(p<0.05) (Table 1 and 2).

Table 1: Analysis results of biochemical parameters

Parameters Group

Control Median±SD Toluene Median±SD p

TNF alpha 343,02±3,72856 (pg/mL) 592,24±12,41 (pg/mL) 0,001*

Dopamin 7,84±1,10099 (ng/mL) 5,22±0,68 (ng/mL) 0,001*

NGF 57,12±3,07560 (ng/mL) 31,09±4,59  (ng/mL) 0,001*

GFAP 13,52±1,26635 (ng/mL) 9,13±1,89 (ng/mL) 0,001*

IL-1B 65,49±5,83 (pg/mL) 140,83±2,91 (pg/mL) 0,001*
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Table 2: Analysis results of oxidant / antioxidant parameters

Oxidant/Antioxidant 
Parameters

Group

Control 
Median±SD

Toluene 
Median±SD

p

MDA 7,58±0,56 (nmol/
mg protein)

11,96±0,42 (nmol/
mg protein)

0,001*

AOPP 139,74±20,28 
(nmol/mg protein)

208,54±40,96 
(nmol/mg protein)

0,001*

SOD 123.8±6,34 (U/mg 
protein)

85,03±8,87 (U/mg 
protein)

0,001*

GSH-Px 124,03±8,87 (nmol/
mg protein)

87,91±6,30 (nmol/
mg protein)

0,001*

Table 3: Serum and supernatant analysis results of Glucose and LDH

Group

Control Median±SH Toluene Median±SH p

Glucose (Blood Serum) 107,12±3,26 (mg/dL) 311,21±8,42 (mg/dL) 0,001*

LDH (Blood Serum) 88,23±8,87 (IU/L) 178.8±6,34 (IU/L) 0,001*

Glucose (Supernatant) 103,8±6,34 (mg/dL) 55,34±7,31 (mg/dL) 0,001*

LDH (Supernatant) 33.77 ± 2.49 (U/gr protein) 107,43±16,30 (U/g 
protein) 

0,001*

3.2. Histopathologic Results

The evaluation of hematoxylin-eosin stained slides showed that cortex 
morphology and the neuronal structure were normal for the control group (Fig. 
1A). The neuropils were intact, the vessels were normal and homogenous, and 
the Nissl bodies were normal. In the toluene group, the brain cortex showed focal 
basal vacuolar degeneration (abscess formation), pyknosis, necrosis, excessive 
vasodilation, indistinct cell borders (Fig. 1B), chromatolysis, and abnormalities 
in oligocyte nuclei.  

There was no specific crystal violet staining in the control group (Fig. 
1C). In the toluene group, crystal violet staining revealed the accummulation 
of amyloid (and subsequent senile) plaques around the neuronal bodies and 
extensions (Fig.1D).
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Fig. 1: Indication of histopathological changes due to high dose acute toluene 
 exposure H&E staining.  A) Control group, brain cortex, H&E (x40) B) Toluene group, 

brain cortex, H&E (x40) (Histomorphological changes shown in arrows, abscess 
(black arrow), damage to blood vessels (blue arrow), significant losses in cell borders 
and gliosis (yellow arrow)). Formation of senile and amyloid plaques in Crystal Violet 

staining of toluene exposure 40X magnification. C) Control Group Brain Cortex D) 
Toluene Group Brain Cortex

3.3. Immunohistochemical Results

Table 5: Immunoreactivity of aquaporins and 
apoptotic antibodies in the glyphatic system

Immunreactivity in Glymphatic System

Group

Parameter
Control Toluene

Density n Density n p

Bax 1+ 10 3+ 10 0,001*

Caspase-3 1+ 10 3+ 10 0,001*

Aquaporin-1 3+ 10 1+ 10 0,001*

Aquaporin-4 3+ 10 1+ 10 0,001*
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Bax and Caspase-3 immunoreactivities were reviewed in both groups to 
determine apoptosis (Table 5). This semiquantitative review revealed that Bax 
(Fig. 2A and 2B) and Caspase-3 (Fig. 2C and 2D) immunoreactivity levels were 
zero for the control group. In the toluene group, brain cortex showed strong 
(3+) Bax and Caspase-3 immunoreactivity (Table 5). In addition, both Bax and 
Caspase-3 H-score evaluations showed a significant increase in the toluene 
group (Table 4).

Fig. 2: Immunohistochemical changes due to high dose acute toluene exposure Bax 
and Caspase-3 staining. A) Control group, brain cortex, Bax immunohistochemistry 
staining (x40) B) Toluene group, brain cortex, Bax immunohistochemistry staining 

(x40) (Bax protein positively stained cells shown in arrows) C) Control group, brain 
cortex, Caspase-3 immunohistochemistry staining (x40) D) Toluene group, brain 

cortex, Caspase-3 immunohistochemistry staining (x40) (Caspase-3 protein positively 
stained cells shown in arrows)
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Table 4: Comparison of H-score values of aquaporins and 
apoptotic antibodies in the glycatic system

Comparison of H-score values in Glymphatic System
Group 

Parameter
Control Toluene
x̄ ± SD n x̄ ± SD n t p

Bax 99,11±21,66 10 154,00±13,98 10 5,326 0,001*
Caspase-3 113,14±17,42 10 179,14±5,15 10 5,478 0,001*
Aquaporin-1 164.29±22.42 10 108.14±6.41 10 5,714 0,001*
Aquaporin-4 151.71±18.98 10 102.29±12.79 10 6,371 0,001*

Table 4 and 5 shows that the AQP-1 and AQP-4 immunoreactivity and H-score 
decreased significantly in the toluene group compared to the control group. 
Immunohistochemical staining of AQP-1 and AQP-4 protein showed significant 
decreased staining in toluene group (Fig. 3).

Fig. 3: Immunohistochemical changes due to high dose acute toluene exposure AQP-1 
and AQP-4 staining.  A) Control group, brain cortex, AQP-1 immunohistochemistry 

staining (x40) B) Toluene group, brain cortex, AQP-1 immunohistochemistry staining 
(x40) AQP-1 protein positively stained cells shown in arrows) C) Control group, brain 
cortex, AQP-4 immunohistochemistry staining (x40) D) Toluene group, brain cortex, 
AQP-4 immunohistochemistry staining (x40) (AQP-4 protein positively stained cells 

shown in arrows)
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4. Discussion
Disturbance of CNS homeostasis leads to several disorders, such as cerebral 
edema, hematoma and neurodegenerative disorders.  Therefore, we must 
understand CNS homeostasis to be able to interfere with diseases before 
symptoms show (13). There is a bidirectional exchange between the brain and 
CSF. The brain both requires materials to sustain itself, and the removal of 
waste materials. AQP-1 and AQP-4 are channels that facilitate the transfer of 
such molecules to CSF. The waste material that ends up in CSF is absorbed 
by arachnoid villi and transferred to the blood (14). As the lypmhatic system 
does not extend to the brain, researchers suggest another system, termed the 
‘glypmhatic system’, that removes waste material from the brain (2). Toluene is 
an easy-to-access industrial organic solvent that is commonly abused to trigger 
brain response. This chemical has severe toxic effects on a number of systems, 
including the nervous system. One study found that exposure to high doses of 
toluene led to psychomotor damage, locomotor excitation followed by inhibition, 
inability maintain posture, and sedation (15). Our study aims to establish both 
the presence of the glymphatic system, and the effects of high-dose toluene 
exposure on this system. The rabbits in the toluene group had dilated pupils, 
vomiting, oral and nasal bleeding, and difficulty maintaining posture. 

Under physiological conditions, reactive oxygen species (i.e. oxidants) are 
balanced with the cellular production of antioxidants (Yildirim A et al., 2007). 
The brain tissue, for example, produces oxidant molecules by consuming high 
amounts of oxygen and decreases antioxidant capacity for the oxidation of 
some neurotransmitters.  However, this makes the brain vulnerable to oxidative 
damage (17). If the amount of reactive oxygen species (ROS) overwhelms 
antioxidant capacity, oxidative stress will lead to cellular damage. One study 
showed ROS accummulation in the synaptosomal and microsomal fractions of 
the cortex after toluene exposure (18). Another study found increased cerebellar 
levels of SOD and GSH, both antioxidant enxymes, and caspase-3, an apoptotic 
marker, after exposure to toluene (19). Lipid peroxidation does not only damage 
cerebral neuronal membranes, but it can also propogate, and thus can produce 
toxic side products that will further damage brain cells (20). High-dose toluene 
exposure was found to increase MDA levels, and to decrease GSH levels in 
16-week-old rats’ brains (21). We found that high-dose toluene exposure
increased MDA levels and significantly decreased SOD and GSH-Px levels.
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Interaction of free radicals with biomolecules leads to DNA damage, protein 
modification, lipid peroxidation, and ultimately apoptotic or necrotic cell death 
(22). The reaction of chlorinated oxidants with plasma proteins produces protein 
oxidation products, and the subsequently increased AOPP (advanced oxidation 
protein products) levels indicate the extent of oxidative protein damage (23). In 
our study, the brain parenchyma of the toluene group had significantly higher 
protein oxidation product accummulation and AOPP levels.  

Glial fibrillary acidic protein (GFAP) is found only in CNS and is upregulated 
through reactive gliosis following CNS damage.  Toluene exposure leads to 
neuronal damage in the brain, and glial reactivity in the hippocampus, cortex 
and cerebellum, which leads to increased GFAP formation (24). A recent study 
showed that excessive alcohol consumption led to increased GFAP expression 
and to the disruption of the glymphatic system (25). Neurotrophins such as NGF 
are factors in the survival, differentiation and protection of cerebral neurons 
(26). It is suggested that inflammation and injury cause NGF leves to rise, which 
in turn regulates immune and neuroimmune functions (27). We found high-dose 
toluene exposure significantly decreases levels of GFAP, an astroglial marker, 
and NGF, a neuronal inflammation indicator. High dopaminergic stimulation is 
associated with cerebral oxidative damage. Non-enzymatic reactions between 
catecholamines and oxygen produce highly reactive quinones, peroxides and 
oxygen free radicals. DA metabolism is strongly associated with oxidative 
stress, as it produces ROS through monoamine oxidase activity (28). While we 
expected increased somatodendritic DA release, we found a significant decrease 
in cerebral DA levels, caused by somatodendritic cell damage due to toluene 
exposure.

Brain inflammation causes the release of reactive oxygen species (ROS), 
which affects the integrity of the blood-brain barrier and causes glymphatic 
dysfunction (29).  TNF-α and IL-1B cytokines are expressed by neurons, 
microglia and astrocytes in several parts of the brain (30). Circulating TNF-α 
and IL-1B will either transport through the blood-brain barrier to and from 
surrounding tissues or will activate the capillary endothelial receptors to 
regulate brain homeostasis (31). Shestopalov et al. (30) also found that 
prolonged wakefulness led to glial TNF-α and IL-1B regulation as a response 
to extracellular ATP. Pathological inflammation starts in perivascular space, 
and goes on to slow down convective transport from CSF to extracellular fluid 
(ECF), and thus disrupts glymphatic clearance (32) (Erickson et al., 2012).  Our 
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findings showed that high-dose toluene exposure caused a significant increase 
in TNF-α and IL-1B levels, both proinflammatory cytokines, in the brain tissue, 
as a result of brain inflammation and edema.  

A study concerning toluene abuse reported cerebral and cerebellar atrophy, 
and dilated lateral ventricles, together with reduced neuron density, diffuse 
gliosis, demyelination, and thinner cortex and corpus callosum (18). Another 
clinical pathology study reported substantial axonal degeneration, atrophy, and 
cerebral and cerebellar demyelination (33). In the toluene group, the examination 
of brain parenchyma revealed focal vacuolar degeneration, multiple pyknotic 
cells, necrotic findings, dilated blood vessels, indistinct cell borders, Nissl 
bodies and structural nuclear defects.  Oxidative stress causes amyloid beta 
and tau peptides to transform into their insoluble forms, causing aggregation 
and formation of senile plaques and neurofibrillary tangles (10). The amyloid 
aggregation induces inflammation by activating microglia cells, which in turn 
produce free oxygen radicals and cytokines, such as TNF-α and IL-1. These 
cytokines lead to cell damage both directly, and indirectly through the formation 
of abnormal amyloid precursor protein (1). In our toluene group, we observed 
significant aggregation of amyloid proteins in the form of senile plaques. Also, 
the histochemical staining intensity, and the size and number of the stained areas 
were higher in the toluene group. 

Proapoptotic proteins (such as Bax, Bad, and Bid) induce apoptosis; 
whereas anti-apoptotic proteins (such as Bcl-2) suppress apoptosis. Several 
authors suggest that toluene promotes apoptotic activity (1).  In a toluene 
study rats and reported that the tissue that is most affected by toluene was the 
brain (19). Toluene exposure had especially increased caspase-3 activity in 
the brain cortex.  A similar study also found that toluene caused damage to 
frontal cortex and brain stem, and increased caspase-3 levels (34). Another 
study found that chronic toluene exposure increased  Bax  immunoreactivity 
(35). In our study, we have semiquantitatively assessed Bax and caspase-3 
levels through immunohistochemical staining. We found that Bax and caspase-3 
immunoreactivity had significantly increased in the toluene group, and that the 
H-score results were significantly lower.

Increased sodium activates the Astrocyte–Neuron Lactate Shuttle (ANLM) 
signaling pathway, causing lactate secretion and increased glycolytic response 
(36). Recent studies suggest that lactate may be associated with neuronal activity 
outside the ANLM signaling pathway (37). This signaling mechanism between 
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neurons and glia provides metabolic feedback regarding neuronal activity (38). 
Morishima et al. found that AQP-4 expression increased in rat astrocytes that 
were stimulated with lactate, a response that may be due to AQP-4 regulatory 
mechanisms (39). In our study, serum glucose levels had significantly increased, 
tissue glucose levels decreased, and both serum and tissue LDH levels 
had increased in the toluene group.  We believe that the lipophilic effect of 
toluene lead to cell membrane deformation, and catecholamine release caused 
hyperglycemia, leading to high serum and low tissue glucose levels.  

AQP-1 is found in the apical membrane of the choroid plexus epithelium in 
several mammalian species, including humans (40). Astrocytes do not expresss 
AQP-1 under physiological conditions, but only under some pathological 
conditions, such as acute brain damage, subarachnoid hemorrhage, ischemic 
brain lesions, prion diseases, Alzheimer’s disease and epilepsy (14). One study 
reported that CSF production was reduced by approximately 25% in AQP-1 
knockout mice. This finding supports that AQP-1 takes part in CSF production. 
CSF production is expected to increase the amount of liquid in the edematous 
brain; however, AQP-1 deletion led to decreased intracranial pressure and 
improved survival among mice with focal brain damage (41). Smith et al. 
observed that AQP-1 expression had decreased as a result excessive CSF 
production caused by villus hyperplasia of choroid plexus, and they suggested 
that increased intracranial pressure might be downregulating the expression of 
AQP-1 (42). Under physiological conditions, AQP-1 is not expressed outside of 
the ependymal cells and the choroid plexus. However, AQP-1 expression was 
detected in reactive astrocytes as a response to injury under several pathological 
conditions.  A different study showed that subarachnoid hemorrhage induced 
AQP-1 expression in astrocytes(43). In their 2010 study, McCoy and Sontheimer 
reported that the expression of AQP-1 in the vascular endothelium leads to 
increased capillary permeability, and subsequently increases liquid influx to 
the brain and AQP-1 expression in reactive astrocytes, which then triggers 
cytotoxic brain edema (44). In our study, the choroid plexus and astrocyte 
AQP-1 immunoreactivity, and the number of stained cells in the toluene group 
were significantly lower. Based on these results, decreased expression of AQP-
1, which is only liquid permeable, and decreased production of CSF, which 
is the main actor in the glymphatic system, suggest the potential for higher 
toxic accummulation.  Also, the comparatively low AQP-1 immunoreactivity 
in the brain parenchyma of the control group suggest that AQP-1 might be a 
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control mechanism that regulates glymphatic flow from perivascular space 
to paravascular space. Researchers reported excessive amounts of AQP-1 in 
peripheral blood serum after blood-brain barrier disruption, and that the barrier 
properties of cerebral capillaries were negatively correlated with brain edema 
(45). We found that high toluene exposure disrupted AQP-1 channels and barrier 
properties of brain capillaries, and subsequently free radicals were able to diffuse 
through the membranes, and accummulate in the extracellular space.

Recent studies show that astrocyte terminal endings play an important 
role in maintaining fluid homeostasis in the brain. Fluids pass the blood-brain 
barriers at these endings through AQP-4 channels. These channels are crucial 
in restoring osmotic balance following pathological conditions, such as brain 
edema (46). Inactivation of the AQP-4 gene in glial cells delays the reabsorption 
of extracellular fluid in the postnatal period , leading to increased intracranial 
pressure in the adult brain (47). The fluid passing through the perivascular 
glial areas removes the interstitial fluid by forming a pericapillary drainage 
system with a mechanism similar to that of peripheral lymphatics. The delayed 
clearance of intracerebral amyloid, peptide and mannitol in AQP-4 knockout 
animals supports this notion (2). The function of CSF is primarily to cushion 
and protect the CNS, and then to maintain ion homeostasis. In addition, CSF 
also serves to clear and transport waste from CNS. Ependymal cells facilitate 
the transport of material between ECF and CSF through ciliary movement (4). 
In our study, AQP-4 immunoreactivity was significantly lower in the toluene 
group. AQP-4 regulates fluid movement in the brain and facilitates the clearance 
of the excessive fluid in the brain parenchyma caused by cytotoxic, vasogenic or 
interstitial edema. We believe that high-dose toluene-induced brain edema led 
to the deformation of AQP-4 channels, which caused significant problems with 
water flux and the glymphatic system. In our study, the H-score analysis showed 
that the number of AQP-4 cells had significantly decreased in the toluene group, 
preventing the ependymal cells from absorbing waste materials and relaying 
them to the CSF through ciliary movement. We also believe that the damage to 
AQP-4 channels led to the irreversible impairment of glymphatic system, which 
requires facilitated paravascular flux to regulate CSF/ECF exchange.

Current literature provides information regarding the exchange between 
ECF, CSF and brain capillaries, and extrachoroidal CSF production. Some 
researchers suggest a significant paravascular flow towards the brain parenchyma, 
and that CSF is drained by the meningeal lymphatic system (48). Aquaporins in 
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the brain are associated with CSF production (AQP-1); and CSF/ECF exchange, 
absorption and homeostasis (AQP-4) (46). One study showed decreased CSF 
production and intraventricular pressure in AQP-1 knockout mice (AQP-1 --/-
-), which points to AQP-1’s role in CSF production (41). In their 2014 study, 
Igarashi et al. examined AQP-1 and AQP-4 knockout mice, and found that 
AQP-4 controlled the water influx to CSF, that AQP-4 had a significant role in 
the production of CSF, and thus, there is a constant and significant production 
of CSF in many parts of the brain, not only the choroid plexus (49). Another 
recent study  reported that CSF was produced both by the choroid plexus AQP-1 
molecules, and the astroglial and ependymal AQP-4 molecules, and that they 
keep intracranial pressure within homeostatic values through a functional 
connection (48). In our study, both AQP-1 and AQP-4 immunoreactivity and 
H-score results were significantly lower in the toluene group. We observed that
the expression of AQP-4 in glial and ependymal cells facilitates CSF production
by helping AQP-1, the primary molecule responsible for CSF production. Along
with their specific localizations and functions, AQP-1 and AQP-4 complement
each other’s functions in classical drainage and meningeal lymphatic pathways.

5. Conclusions
We conclude that acute toluene exposure affects  synaptic neurons, microglia, 
astrocytes and immune cells. According to our results, high-dose toluene 
causes microglial activation, and the production of proinflammatory cytokines, 
reactive oxygen species and other toxic substances, ultimately leading to 
neurodegeneration. We also observed that toluene caused extensive protein 
aggregation in the brain. This shows that toluene can easily cross the blood-
brain barrier and cause serious DNA damage.   Also, we suggest that astrocytic 
AQP-4 facilitated transport is only a piece of the complex extracellular protein 
transport system between CSF and the brain parenchyma, which also includes 
AQP-1 molecules in the ependymal cells and the choroid plexus. We infer that 
toluene exposure leads to the deformation of this system. 
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I. Introduction

Carnosine which was fi rst isolated from meat extracts in 1900 by Gulewitsch
and Amiradzibi (1), is a histidine-derived dipeptide (2). Although there 
are many studies and theories about carnosine, the biological eff ects of 

carnosine still remain mysterious.
Carnosine is a water-soluble physiological dipeptide in the structure 

of β-alanyl-L-histidine and is the simplest member of aminoacyl histidine 
dipeptides such as homocarnosine (g-amino-butyryl-histidine, GABA-histidine) 
and anserine (β-alanyl-L-methylhistidine) (3) (Figure 1).

Figure 1.1. Structure of Carnosine and Other Aminoacyl Histidine Dipeptides (4).
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Carnosine is found at high concentrations (20 mM) in stimulated, non-
dividing and long-lasting tissues   such as skeletal muscle and brain (2, 5). 

2. Synthesis and Destruction of Carnosine
Carnosine is synthesized from β -alanine and L-histidine amino acids with an 
ATP-dependent enzyme, called carnosine synthetase (EC 6.3.2.11) (6).

While L-histidine is a well-known proteininogenic amino acid, β-alanine, 
which does not enter the protein structure, is formed by the destruction of uracil 
in the liver.Since 98% of the carnosine synthetase activity occurs in cytosol, only 
cells with a transport system carrying the β-alanine into the cell can synthesize 
carnosine.It has been shown that this system is found in skeletal muscle cells 
and oligodendrocytes, and that the β- alanine uptake in cells increases with cell 
diff erentiation increases (7).

Carnosine synthetase, an enzyme with broad substrate specifi city, has been 
reported to be able to synthesize all aminoacyl histidine dipeptides in diff erent 
tissues, but has higher affi  nity for carnosine (2, 6).

Figure 1.2. Synthesis and Destruction of Carnosine (8).
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As seen in Figure 1.2; tissue carnosine levels are controlled by acetylation, 
methylation and hydrolysis reactions. With acetylation and methylation of 
carnosine, N-acetyl carnosine and anserine are formed, respectively (2, 9).

The hydrolysis of carnosine (2, 5), which is resistant to peptidases (which 
hydrolyze alpha-peptides), is carried out by dimer carnosinases, belonging to 
the group of metalloproteases, whose subunits are connected to each other by 
one or more disulfide bonds.

Tissue distribution and activities of serum (EC 3.4.13.20; CN1) and 
cytosolic (EC 3.4.13.18; CN2) carnosinases (which are different gene products) 
differs.

While CN1 hydrolyzes the carnosine and homocarnosine situated in serum 
and brain tissue in the presence of Cd+ 2, CN2 hydrolyzes the carnosine in various 
tissues in the presence of Mn+ 2 (2, 6, 10).

It has been reported that serum carnosinase activity increases with age (6, 
9); it is very low or undetectable in children younger than 10 months and it has 
been stated that the activity increases gradually until the age of 15 and reaches 
the adult level (10). The tissue contents of the histidine dipeptides are regulated 
by the localization and activity of the carnosine synthetase and carnosinase 
enzymes (6).

The enzymatic hydrolysis with carnosinase of anserine, homocarnosine 
and acetylcarnosine compared with hydrolysis of carnosine, showed that 
anserine, homocarnosine and acetylcarnosine had the same Km value but lower 
Vmax according to carnosine (2). The more resistant of carnosine derivatives 
to the enzyme carnosinase contributes to the protection of carnosine from the 
effect of carnosinase by maintaining metabolic conversion, thereby keeping 
tissue concentration stable (6).

Distribution and intracellular uptake of carnosine in tissues are provided 
by proton-dependent oligopeptide transporters Pept1 and Pept2 (Figure 3) (11).
It has been reported that tissue carnosine levels are higher in men than in women 
and decrease in both genders with age and are affected by diet (12). It has been 
shown that high amounts of carnosine taken with diet increase skeletal carnosine 
level and does not affect heart, liver and skeletal muscle carnosine levels (8).

In addition, oral intake of beta alanine, which is the speed limiting precursor 
in the synthesis of carnosine, has been reported to increase the synthesis of 
carnosine in muscle tissue (6, 13).
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Figure 1.3. Taking Carnosine into the Cell with Peptide Carriers (11)

Muscle tissue carnosine levels; decreases after starvation, infection, trauma and 
shock (12, 14). On the other hand, it has been reported that carnosine level and 
carnosinase activity are cultivated from the circadian rhythm (15).

3. Biochemical Properties of Carnosine
It is known that carnosine has some functional properties such as antioxidant (2, 
5, 14, 16, 17), antiglication (5, 18, 19), neuroprotective (20- 22), physiological 
buffering (14, 23), wound healing (24), anti-aging (25-27), metal chelation (28-
30) and mental improvement (31, 32) effects.

The ability of carnosine to demonstrate all these features can be associated
with its unique structure with carboxyl, amino and imidazole groups (2, 12, 22).

3.1. Antioxidant Effect

Activation of free radical production and disruption of antioxidant protection 
systems play a role in the pathogenesis of many diseases.

This situation causes an excessive increase in the amount of free oxygen 
radicals produced during normal metabolic processes and which have important 
regulatory functions in the organism and oxidative stress occurs (33).
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Oxidative stress prevention mechanisms that play a role in the development 
of many diseases such as diabetes and Alzheimer’s have become an important 
problem of modern medicine. The use of antioxidants that act by capturing or 
neutralizing free oxygen radicals plays an active role in combating oxidative 
stress.

As many different types of modifications can occur in macromolecules 
under oxidative stress, it is difficult to determine which molecule should be 
preferred as an antioxidant in certain clinical cases. The mechanisms of action 
of antioxidants can vary depending on their chemical structure, bioavailability, 
damage rates in redox processes and the severity of oxidative stress in the 
organism (33, 34).

It is reported that carnosine exerts its antioxidant effect expecially by 
scavenging reactive oxygen species such as O2ˉ˙, OH˙ which contain uncoupled 
electrons (Figure 1.4) (2, 14, 16).

In the reperfusion model created in the isolated rat heart of carnosine, it 
has been shown to be 2 times more effective in scavenging singlet oxygen than 
histidine (17).

Carnosine has been shown to inhibit hypochlorite-centered protein 
modification by producing a stable chloramine derivative with hypochlorite in 
in vitro conditions (5).

On the other hand, it is reported that carnosine inhibits the iron, copper and 
zinc-mediated tissue oxidation by forming chelates with prooxidative metals  
(2, 12).

Carnosine has been reported to prevent Fe+2/Cu+2 mediated 
phosphatidylcholine liposome oxidation (29), inhibit Cu+2 mediated LDL 
oxidation (28), and show protective effects against Zn+2 /Cu+2  mediated 
neurotoxicity (30).

The buffering feature of the carnosine also contributes to the antioxidant 
effect. Namely; In O2ˉ˙ acidic environments, it can react with protons and turn 
into more reactive OH˙ radicals and biomolecules can cause oxidative damage. 
Carnosine prevents the accumulation of the superoxide radical into peroxyl 
radical by preventing the accumulation of proton with its buffering feature, thus, 
it has an indirect antioxidant effect (11).
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Figure 1.4. Reaction of Carnosine with Hydroxyl 
Radical in Base Catalysis Medium (11)

Figure 1.5 shows the possible antioxidant action mechanisms of carnosine found 
in skeletal muscle cells (11).

Figure 1.5 Possible Antioxidant Effect Mechanisms of Carnosine in Skeletal Muscle 
Cells (11)

There are also studies indicating that carnosine shows antioxidant properties by 
scavenging reactive carbonyl compounds such as 4-HNE and MDA, which are 
formed as a result of peroxidation of membrane lipids (35-40).
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3.2. Antiglycation Effect:

As a result of the interaction of free oxygen radicals with functional groups on 
proteins, lipids and carbohydrates, carbonized, nitrosile and glycated molecules 
may be formed and may cause the accumulation of advanced glycation end 
products (AGE: Advanced Glycation End Products) with further reactions such 
as crosslinking.

It is known that the carbonyl groups on the amino acid residues are formed 
by the peroxidation of polyacsaturated fatty acids (33). The electrophilic structure 
of carbonyl compounds causes proteins to react with nucleophilic groups (41). 
For example; 4-hydroxy nonenal (4-HNE) is a toxic lipid-derived α-β-unsaturate 
aldehyde that derives from asit β-separation from ω-6 polyunsaturated fatty 
acids.

Protein carbonylation formed with reactive carbonyl compounds plays 
an important role in the etiopathogenesis and/or development of various 
cardiovascular and neurodegenerative diseases (42).

Many studies show that carnosine inhibits non-enzymatic glycosylation 
of proteins, reacts with PCC and prevents protein-protein cross-linking (2, 6).

For example, acetaldehyde and formaldehyde-induced protein glycation 
and DNA protein cross-linking are inhibited in in vitro conditions with carnosine, 
and it has also been reported that glycation and glycoxidation reactions caused 
by the addition of lysine or N-acetyl lysine ester to the MGO-treated ovalbumin 
can be prevented by carnosine (5).

An in vivo study reported that carnosine (ip 200 mg / kg bw) showed 
antioxidant/antiglication effects and prevented protein and lipid peroxidation in 
methylglyoxale (a  reactive carbonyl compound) treated rats (ip 50mg / kg bw) 
(19).

On the other hand, it is reported that carnosine can reduce the glycation 
created in proteins with molecules such as glucose, galactose and deoxyribose 
and act as a natural antiglication agent (43).

3.3. Neuroprotective Effect:

It is known that oxidative stress plays a major role in diseases such as Parkinson 
and Alzheimer’s (44) and in situations such as depression (45).

It is reported that the nervous system cells are very sensitive to free radical 
oxidation due to the high levels of metabolic activity and oxygen consumption, 
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the excessive amount of lipids containing polyunsaturated fatty acids, high 
levels of iron ions, production of reactive oxygen species during the cellular 
metabolism of secondary messengers in neuronal cells and less antioxidant 
levels compared to other organs.

This indicates that there is a need for natural antioxidants that can protect 
cells from oxidative damage in the nerve tissue and pass through the blood-brain 
barrier (46-49).

It is reported that lipid peroxidation products (aldehydes such as MDA) 
(50) and neurotoxicity formed with Cu+2 /Zn+2 ions are effective in pathologies
such as Alzheimer’s and Parkinson’s disease (22).

It has been shown that these diseases can be prevented or their effects can 
be reduced by carnosine which is an endogenous chelator.It has been reported 
that an increase in brain carnosine levels may have a protective effect from 
Alzheimer’s disease (20).

On the other hand, carnosine shows antioxidant and anti-inflammatory 
effects and softens the effects of neurodegenerative diseases such as Parkinson’s 
disease (51), it has been shown to correct mitochondrial dysfunction in an 
experimental model with Alzheimer’s disease, and neutralize amyloid toxicity 
(21). When comparing the capacity to protect from β- amyloid toxicity, 
carnosine was found to be more effective than molecules such as SOD, Anserin, 
aminoguanidine and β-alanine (52). Therefore, it is claimed that carnosine is an 
agent that inhibits Aβ aggregation observed in neurodegenerative diseases with 
its chelating and cross-linking properties (21, 22).

In addition, it has been reported that carnosine has neuroprotective effects 
against permanent cerebral ischemia in mice (53) and protects the rat brain 
tissue from damage caused by ethanol (54).

3.4. Antitoxic Effect:

It has been reported that carnosine reacts with harmful aldehydes such as 4-HNE, 
MDA, acetaldehyde and MGO (55), prevents metastasis in experimental animals; 
it has protective effects against toxic agents such as cyclophosphamide (56) and 
adriamycin (57), which are used as cytostatic drugs in cancer and connective 
tissue diseases and can show many side effects.

On the other hand, carnosine has been reported to inhibit lipid peroxidation 
developing under ethanol toxicity in rats (58), shows protective properties 
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against the side effects of radiation (59) and also protects against ethanol-
induced chronic liver disease (58). 

Although there is no evident finding that carnosine and its derivatives 
show toxic effects, it has been reported in some studies that mild and momentary 
paresthesia occurs in the muscles after the intake of carnosine (60).

4. Therapeutic Applications of Carnosine
Because of its comprehensive and important protective effects such as 
antihypertensive, immunomodulatory, wound healing, anti-inflammatory 
properties, carnosine is thought to be an ideal agent that can be used in the 
treatment of many diseases (12, 22).

4.1. Ocular System

In experimental and clinical studies, N-acetyl carnosine has been reported to 
provide protection from various eye diseases. It has been reported that carnosine 
prevents cataracts in 50500 people (61) and diabetic rats (8 weeks of application) 
(62) and using eye drops containing 1% N-acetyl carnosine (63).

It has been reported that carnosine applied in in vitro conditions prevents
accumulation of insolubl alpha-crystalline protein responsible for cataract 
formation, which blurs vision, causes lens turbidity and leads to loss of vision 
in the future (64).

On the other hand, there are some experimental studies which reports 
that when carnosine is administered both alone (65) and in combination with 
homotaurine and forskolin (66) prevents retinal ganglion cell loss and has 
neuroprotective effects in retinal ischemia-induced mouse (65) and rats (66).

Combined preparations containing carnosine, homotaurine and folic acid 
protect eye patients from glaucoma, which causes progressive and irreversible 
damage to retinal ganglion cells (67).

4.2. Diabetes

Combating with Type II diabetes, which is known to have a close relationship 
with obesity, has become a global problem (68, 69).

In experimental diabetes studies, it has been reported that the level of 
carnosine in the blood of diabetic rats decreases and the glucose level increases 
(15).
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In support of this finding, a clinical study in obese people reported that 
carnosine administered at a dose of 2 g / day regulates blood glucose level (70).

On the other hand, carnosine has been reported to improve diabetes 
complications in diabetic rats by preventing podocyte loss, slowing glomerular 
apoptosis and reducing cytochrome c expression (71). In a study conducted 
on transgenic mice and determined to have a direct correlation between serum 
carnosine levels and insulin levels, it is suggested that carnosine exerts its 
antidiabetic effect by protecting pancreatic beta cells or increasing their number 
(72).

It has been reported that orally carnosine administration (with drinking 
water) in diabetic mice reduces insulin and triglyceride levels and reduces lipid 
peroxidation products (73), diabetic proteinuria and renal vascular permeability 
(74). Additionally it has been suggested that the antidiabetic effect of carnosine 
exerts hypoglycemic effect by increasing autonomic nervous system regulation 
and/or increasing the number of pancreatic beta cells (2).

In additionit has been reported that carnosine has protective effects 
on diabetes-related diseases, prevents retinal capillary cell loss in rats with 
diabetic retinopathy (75) and also has significant effects on wound healing 
(24), protects from diabetic nephropathy (71), and can inhibit secondary 
complications of diabetes, such as cardiovascular diseases, with its 
antiglycation effect (2, 12).

4.3. Cancer
Due to its antiproliferative properties, interest in carnosine is increasing in cancer 
studies. Various mechanisms have been proposed regarding the inhibitory effect 
of carnosine on the growth of cancerous cells (76).

It is reported that carnosine shows its anticancer activity by interfering 
with tumor glycolysis (77), by showing chaperone activity (78), by transforming 
transformed and neoplastic cells (79) and by inhibiting the production of 
mitochondrial free oxygen radicals (80).

In in vitro studies, it has been reported that carnosine can inhibit the growth 
of glioblastoma multiform from primary malignant tumors located in the frontal 
and temporal lobes of the brain (81), and carnosine at 50- 75 mM concentration 
added to primary glioblastoma cell cultures can reduce the number of cancerous 
colonies in a dose-dependent manner (82).
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In another study on tumor cell cultures, it has been found that carnosine 
suppresses the proliferation of human pheochromocytoma cells (PC-12), 
reduces the amount of reactive oxygen species, and also increases the activity of 
superoxide dismutase in tumor cells (83).

On the other hand, in an experimental study on mice, intraperitoneally 
injected carnosine (0.5-1 M) has been reported to show anti-cancer effects by 
delaying aggressive tumor growth (84).

4.4. Metabolic Syndrome

It is predicted that the rapid increase in the prevalence of metabolic syndrome 
associated with systemic oxidative stress and inflammation will lead to an 
increase in the frequency of diabetes and cardiovascular diseases in the future. 
Oxidation of polyunsaturated fatty acids and sugars results in the formation of 
reactive carbonyl species that react with nucleophilic regions of certain amino 
acids due to their electrophilic structure (85).

Glycation rections formed by the binding of monosaccharides, such as 
glucose or fructose, to proteins can not only damage proteins, but also stimulate 
secondary inflammatory processes with glycosylated proteins (20).

This results in the formation of protein oxidation products such as 
advanced glyoxidation/lipoxidation end products (AGEs / ALEs) that result 
in cellular dysfunction. There are many studies reporting that the histidine-
containing dipeptides such as carnosine (alan-alanyl-L-histidine) and anserine 
(β-alanyl-methyl-L-histidine) prevent the harmful effects of glycated proteins by 
converting cytotoxic reactive carbonyl compounds into non-reactive molecules 
(20, 73, 85-88).

It has been shown in experimentally induced metabolic syndrome and 
cardiovascular disease models in rodents that L-carnosine can be used as a 
pharmacological agent (89-91).

It has been reported that hypertension, plasma insulin, serum cholesterol 
and triglyceride levels can be reduced, kidney damage caused by high glucose in 
the blood can be prevented, and obesity findings have been improved in D- and 
L- carnosine-administered obese rats (89).

Carnosine is reported to show hypoglycemic, hypotensive and lipolytic 
activities through autonomic nervous system regulation (90). On the other 
hand, atherosclerotic lesions created in mice are reported to be improved by the 
application of octyl-D-carnosine (91).
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4.5. Physical Activity

Tablets containing carnosine are recommended in the treatment of physical 
and psychological fatigue in various countries (2). It has been reported that 
muscle carnosine acts as a physiological buffer, has antioxidant properties, and 
is effective in enzyme regulation (2, 23). On the other hand, carnosine has been 
reported to have effects such as increasing intracellular ionized Ca2 + levels and 
cardiac contractility (23).

The proton binding ability of the carnosine and the pK value of the histidine 
side chain close to physiological pH contribute to the buffering ability of the 
carnosine.

Carnosine has been reported to maintain normal functioning of muscles 
through pH regulation and improves dose-dependent excitation-contraction 
binding (92).

Decreased cell pH during muscle activity makes the buffering feature of 
carnosine more prominent (14). In cases where intense muscle activity occurs, 
carnosine is known to reduce lactate accumulation and energy consumption (2).

It has been shown that carnosine given to athletes engaged in skiing 
and canoeing sports at a dose of 4g/day for 14 days reduces exercise-induced 
glutathione loss, low oxidation/nitration marker concentration and decreased 
SOD activity and may provide antioxidant protection for professional athletes 
(93).

There are studies indicating that muscle carnosine levels increase 
approximately 60% with beta alanine intake, this increase improves performance 
by 13% in bicycle racers and reduces fatigue in athletes.

Since there is a positive correlation between muscle carnosine levels and 
the prevention of physical fatigue due to its physiological buffering feature, 
oral carnosine and beta alanine intake is recommended to increase athletic 
performance (94).

4.6. Anti-aging Effects

It is known that glycation, oxidation and inflammation reactions causing 
AGE formation are effective in cellular aging. An ideal anti-AGE compound 
should be endogenous, non-toxic and easily accessible to areas in which AGE 
formation occurs (25). AGEs and carnosine has been reported to have an anti-
aging effect by lowering the level of AGE-modified molecules (25-27).
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When the reactions of nucleophilic components (such as glutathione, 
lipoic acid and polyamines) with aldehydes it has been reported that for trans 
2 hexanal, which is alpha-beta encycated aldehyde, the reaction capacities are 
listed as glutathione›carnosine ›spermin›spermidine, and for saturated hexanal 
the reaction capacities are listed as glutathione ›spermin› spermidine = carnosine. 
Considering the findings of this study and the presence of carnosine in the 
skeletal muscle 40-900 times more than these components, carnosine has been 
reported to be a more potent compound than others in reducing toxic aldehydic 
lipoxidation products (95).

It has been reported that in in vitro studies, carnosine can increase the 
maximum cell division capacity (Hayfick limit) that converts aged cells into 
young phenotypes in human fibroblast cultures (5), increases the life span of 
human fibroblasts and thus it reduces the signs of aging (14).

On the other hand, it has been reported that by adding carnosine to the 
standard diets of SAM (Senescence Accelarated Mice) mice, their average life 
expectancy increases and their physical / behavioral parameters improve (96).

4.7. Psychiatric Diseases

Biochemical changes that cause autism include increased glycolytic activity, 
mitochondrial dysfunction, and disruptions in redox metabolism (97). It has 
been reported that oral carnosine administration creates changes in the behavior 
of autistic individuals (32) and increases language development and social 
intelligence in autistic children (31). Although it is not known exactly how 
carnosine achieves this effect, it is thought that it performs by modulating the 
neurotransmission and affecting the passage of copper and zinc metal ions into 
the entorinal cortex.

In another study, it has been reported that carnosine administration 
to autistic children at a dose of 800 mg / kg daily for 10 weeks can improve 
hyperactivity findings although it does not make a significant difference in the 
irritability subscale (98). On the other hand, it has been reported that in addition 
to the standard treatment protocol, carnosine administration at a dose of 2 g / day 
for 8 weeks can safely and effectively reduce the primary negative symptoms of 
schizophrenia patients (99), and carnosine administration at a dose of 800 mg / 
day for 8 weeks has beneficial effects in children and adolescents with attention 
deficit hyperactivity disorder (100).
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On the other hand, it has been suggested that the lack of carnosine can 
lead to stress and depression-related phenomena and aging dysfunction, and 
administration of carnosine in the form of dietary supplements may have 
therapeutic potential for depression and stress-related disorders (101).

5. Results
Carnosine is a endogenous physiological dipeptide and was discovered in the 
early twentieth century. Although there are many studies and theories about 
carnosine, the biological effects of carnosine still remain mysterious. Due to its 
biochemical properties, the interest in the therapeutic applications of carnosine 
is increasing day by day. In this study, it was aimed to draw attention to the 
studies on the structure, synthesis, degradation, biochemical properties and 
potential therapeutic applications of carnosine. 

It has been shown that carnosine can be used as a natural agent in aging 
, diabetes, cardiovascular diseases which including oxidative stress in its 
etiopathogenesis, and in retino/nephropathies, which occur as secondary 
complications of these diseases, through its antioxidant and antiglycation 
properties, and it can be also use in Alzheimer’s, Parkinson’s diseases and 
psychiatric / mental function disorders with its neuroprotective and metal 
chelation properties, in the treatment of cancer diseases through its antitoxic/
antiproliferative action mechanisms, and increasing athletic performance due to 
its physiological cushioning ability.

In conclusion, based on the findings of many experimental and clinical 
studies referred to in this review, it can be said that carnosine is promising for 
medical use. Of course, it is clear that additional experimental / clinical studies 
are needed in order to determine the possible dosage and possible side effects 
with appropriate dosage / route and duration.
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W, Meixensberger J & Gaunitz F. Carnosine selectively inhibits migra-
tion of IDH-wildtype glioblastoma cells in a co-culture model with fibro-



84  ¨  ¨  A MYstERIoUs EnDoGEnoUs MoLECULE: CARnosInE

blasts. Cancer cell international. 2018; 18: 111. https://doi.org/10.1186/
s12935-018-0611-2

83. Rybakova YS, Kalen AL, Eckers JC, et al. Increased manganese superox-
ide dismutase and cyclin B1 expression in carnosine-induced inhibition of
glioblastoma cell proliferation. Biochem. Moscow Suppl. Ser. B, 2015; 9:
63. https://doi.org/10.1134/S1990750815010096

84. Renner C, Zemitzsch N, Fuchs B, et al. Carnosine retards tumor growth in
vivo in an NIH3T3-HER2/neu mouse model. Molecular Cancer. 2010; 9:
2.

85. Song BC, Joo NS, Aldini G, Yeum KJ. Biological functions of histidine-di-
peptides and metabolic syndrome. Nutrition Research and Practice (Nutr
Res Pract). 2014; 8(1): 3-10.

86. Gallant S, Semyonova M, Yuneva M. Carnosine as a potential anti-senes-
cence drug. Biochemistry (Mosc). 2000; 65: 866-8.

87. Hipkiss AR. Glycation, ageing and carnosine: are carnivorous diets bene-
ficial? Mech Ageing Dev. 2005; 126: 1034-1039.

88. Kurata H, Fujii T, Tsutsui H, Katayama T, Ohkita M, Takaoka M, Tsuruoka
N, Kiso Y, Ohno Y, Fujisawa Y, Shokoji T, Nishiyama A, Abe Y, Matsu-
mura Y. Renoprotective effects of l-carnosine on ischemia/reperfusion-in-
duced renal injury in rats. J Pharmacol Exp Ther. 2006; 319: 640-7.

89. Aldini G, Orioli M, Rossoni G, Savi F, Braidotti P, Vistoli G, Yeum KJ,
Negrisoli G & Carini M. The carbonyl scavenger carnosine ameliorates
dyslipidaemia and renal function in Zucker obese rats. Journal of cellular
and molecular medicine. 2011; 15(6): 1339–1354.

90. Nagai K, et al. Role of L-carnosine in the control of blood glucose,
blood pressure, thermogenesis, and lipolysis by autonomic nerves in rats:
involvement of the circadian clock and histamine. Amino Acids. 2012;
43(1): 97–109.

91. Barski OA, et al. Dietary carnosine prevents early atherosclerotic lesion
formation in apolipoprotein E-null mice. Arterioscler Thromb Vasc Biol.
2013; 33(6):1162–1170.

92. Dutka TL & Lamb GD. Effect of Carnosine on Excitation–Contraction
Coupling in Mechanically-Skinned Rat Skeletal Muscle. J Muscle Res
Cell Motil. 2004; 25: 203.

93. Slowinska-Lisowska M, Zembron-Lacny A, Rynkiewicz M, Rynkiewicz
T, Kopec W. Influence of l-carnosine on pro-antioxidant status in elite



nEW tREnDs In HEALtH sCIEnCEs  ¨  ¨  85

kayakers and canoeists. Acta Physiol Hung. 2014; 101(4): 461-70. doi: 
10.1556/APhysiol.101.2014.008.

94. Derave W, Ozdemir MS, Harris R, Pottier A, Reyngoudt H, Koppo K,
Wise JA, Achten E. Beta-alanine supplementation augments muscle car-
nosine content and attenuates fatigue during repeated isokinetic contrac-
tion bouts in trained sprinters. J Appl Physiol. 2007; 103: 1736.

95. Zhou S, Decker EA. Ability of carnosine and other skeletal muscle com-
ponents to quench unsaturated aldehydic lipid oxidation products. J Agric
Food Chem. 1999; 47 (1): 51-55.

96. Boldyrev AA, Gallant SC & Sukhich GT. Carnosine, the Protec-
tive, Anti-aging Peptide. Biosci Rep. 1999; 19: 581–587 https://doi.
org/10.1023/A:1020271013277

97. Frye RE,  Vassall  S, Kaur G,  Lewis C,  Karim M, Rossignol D. Emerging
biomarkers in autism spectrum disorder: a systematic review Ann Transl
Med. 2019; 7(23): 792 | http://dx.doi.org/10.21037/atm.2019.11.53

98. Hajizadeh-Zaker R, Ghajar A, Mesgarpour B, Afarideh M, Mohammadi
MR, Akhondzadeh S. l-Carnosine As an Adjunctive Therapy to Risperi-
done in Children with Autistic Disorder: A Randomized, Double-Blind,
Placebo-Controlled Trial. J Child Adolesc Psychopharmacol. 2018; 28(1):
74-81. doi:10.1089/cap.2017.0026. Epub 2017 Oct 13.

99. Ghajar A, Khoaie-Ardakani MR, Shahmoradi Z, Alavi AR, Afarideh
M, Shalbafan MR, Ghazizadeh-Hashemi M, Akhondzadeh S. L-car-
nosine as an add-on to risperidone for treatment of negative symptoms
in patients with stable schizophrenia: A double-blind, randomized place-
bo-controlled trial. Psychiatry Res. 2018; 262: 94-101. doi: 10.1016/j.psy-
chres.2018.02.012.

100. Ghajar A, Afarideh M, Nashtaei FA, Mohammadi MR. L-Carnosine as
Adjunctive Therapy in Children and Adolescents with Attention-Deficit/
Hyperactivity Disorder: A Randomized, Double-Blind, Placebo-Con-
trolled Clinical Trial. Journal of Child and Adolescent Psychopharmacol-
ogy. 2018; 28(5): 331-338.

101. Hipkiss AR. Possible Benefit of Dietary Carnosine towards Depres-
sive Disorders. Aging and Disease. 2015; 6(5): 300–303. doi:10.14336/
AD.2014.1211



86

C H A P T E R  6

EFFECts oF FLUoXEtInE on 
VARIoUs tYPEs oF CAnCER AnD 

PotEntIAL MECHAnIsMs oF 
ACtIon

Ege Sevinç1 & Buket Kosova2

1(Ph.D. student) Ege University, Graduate School of Health 
Sciences, Medical Biology Department, Izmir, Turkey 

e-mail: egesevinc08@gmail.com
ORCID: 0000-0003-0150-6436

2(Assoc. Prof. Dr.)Ege University, Medical Sciences, Medical 
Biology Department, Izmir, Turkey 
e-mail: buket.kosova@ege.edu.tr
ORCID: 0000-0003-3636-6082

Introduction

Cancer is often referred to as a disease of aging. Throughout our lives, 
mutations accumulate in our cells, and some of these mutations lead 
to cancer. The incidence of many cancers raises dramatically as we get 

older, and cancer has been found to be the leading cause of death in both males 
and females over 60s. Cancer is becoming a major public health concern as the 
world’s population lives longer and reaches older ages. More than 20% of the 
world’s population is expected to be above the age of 60 by 2050 (1,2). 

Antidepressants are pharmaceuticals and personal care items that are 
commonly used to treat people suffering from depression for many years. Various 
antidepressant agents have been reported in the literature as having the ability to 
reverse or alter the pathogenic modifications that occur in cancer. According to 
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several studies, antidepressants have effective anti-neoplastic features, both in 
vitro and in vivo. Although some studies have shown that antidepressants may 
induce tumor growth and metastasis in cells and animal models, others have 
provided conflicting tumor inhibition findings. Recent studies have indicated 
that using antidepressants does not increase the risk of breast, nasopharyngeal, 
and gastric cancer. Furthermore, the use of antidepressants was linked to a 
lower incidence of many cancers, including hepatocellular carcinoma, breast, 
colorectal, oral, and epithelial ovarian cancer. Multiple studies have also indicated 
that antidepressants may inhibit tumor progression by inducing apoptosis, 
disrupting cell cycle progression, inhibiting oncogenic signal transduction, and 
improving antitumor immunity. Antidepressants such as fluoxetine, paroxetine, 
amitriptyline, mirtazapine, desvenlafaxine, venlafaxine, mianserin, imipramine, 
and agomelatine have been shown to prevent the inflammasome by lowering 
serum levels of IL-1 and IL-18 as well as a component of the inflammasome 
NLRP3 and IL-1 protein expression. They also have anti-inflammatory 
properties against IL-6 and TNF-α (3–5).

Fluoxetine hydrochloride, commercially known as Prozac, is a selective 
serotonin reuptake inhibitor (SSRI) that was originally designed to treat 
depression. According to several research, SSRIs have potent apoptotic effects 
on various types of cells. Prozac functions as an antidepressant by inhibiting 
serotonin re-uptake transporters at the pre-synaptic neurons and enhancing 
serotonin activities on serotonin receptors at post-synaptic neurons. This very 
well-known drug is widely used clinically since the 1980s and is one of the most 
commonly prescribed antidepressant. Fluoxetine was the first approved SSRI 
class of antidepressants for depression, and it is still used today for the treatment 
of anxiety and/or depression in a wide range of populations, including many 
cancer patients. When compared to other SSRIs, fluoxetine is a well-tolerated 
substance with moderate side effects, is safe in overdose, and has nearly no 
associated withdrawal symptoms. Its chemosensitizing ability in drug-resistant 
cell lines has increased interest in cancer research because of its ability to inhibit 
the multidrug resistance (MDR) pump that is highly expressed in those cells 
(6–10). 

Besides its selective serotonin re-uptake inhibitory action, fluoxetine 
has been shown to have non-serotonergic effects. There is promising evidence 
that fluoxetine interferes with mitochondrial activity, may change autophagic 
flux and can trigger cell apoptosis. Fluoxetine raises synaptic availability of 
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serotonin which regulates cellular functions of various systems. Serotonin 
(5-hydroxytryptamine or 5-HT) and its membrane-bound receptors (5-HTR) 
are found in the nervous system as well as a variety of non-neuronal tissues 
such as the gut, cardiovascular system and blood. They have been linked to 
the development of a range of psychiatric and neurological disorders, such as, 
depression, schizophrenia, obsessive-compulsive and panic disorders, as well 
as hypertension. 5-HT is a well-known mitogen that mediates a wide range 
of physiological effects and has been linked to the growth, proliferation, and 
migration of various normal cell types. It has been shown to have growth 
promoting effects on cancer cell lines, particularly prostate, pancreatic, and 
small lung cancer cells, and therefore is functionally associated to carcinogenesis 
(11–13). 

5-HTRs are a large family that is classified into seven groups (5-HT1R-
5-HT7R) that are further subdivided into various subtypes based on functional,
structural, and pharmacological characterization, and particular 5-HT receptor
subtypes have been shown to be linked to tumor growth. With the exception
of a cation channel, the majority of 5-HTRs are G-protein-coupled receptors
and attached to either adenylate cyclase or phospholipase C. The activation
of several signaling pathways such as extracellular-signal-regulated kinase
(ERK1/2) pathway, which regulates the cell proliferation, is caused by
the stimulation of G-protein coupled 5-HT receptors. In many tissues and
cells, ERK1/2 signaling pathway controls a wide variety of vital cellular
processes and modulates proliferative signals. After stimulation, ERK1/2 are
phosphorylated and translocated to the nucleus where they can phosphorylate
and stimulate transcription factors such as c-Myc, ELK, and cAMP response
binding protein (CREB). The transcription factors then trigger or suppress the
expression of various genes involved in proliferation, differentiation, or cell
cycle progression, such as c-fos, cyclin D1, or cell cycle inhibitors p53 and p21
(11–13). Depending on the cell type and cellular content, fluoxetine has been
shown to either inhibit or activate ERK1/2. Fluoxetine has also been shown to
prevent proliferation of cancer cell lines such as prostate and colon carcinoma
cells, and also induce programmed cell death in Burkit Lymphoma, rat glioma,
and human neuroblastoma cell lines. Still, peripheral blood mononuclear cells
were largely tolerant to fluoxetine-induced cell death, suggesting that fluoxetine
may be a well-tolerated anti-cancer agent. The anti-cancer and pro-apoptotic
effects of fluoxetine have been linked to an increase in phospho-c-jun rates,
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cytochrome C release, elevated caspase-3 activity, down-regulation of c-Myc 
and nm23 genes, as well as cell cycle inhibition. It has been demonstrated that, 
in a concentration-dependent way, fl uoxetine suppressed the growth of lung, 
colon, neuroblastoma, astrocytoma, breast carcinoma, and medulloblastoma/
rhabdomyosarcoma cells (12,14,15).

The cell division cycle is carried along by the distinct catalytic activities 
of cyclin/cylin dependant kinase complexes. Another class of proteins known 
as cyclin dependent kinase inhibitors (CKIs) regulate cyclin–cdk complexes 
catalytic activities. In many cancers, abnormal cyclin elevation and CKIs down-
regulation have been shown to be unfavorable prognostic factors. In cell division 
cycle, G1/S checkpoint is regulated by the cip/kip family of CKIs, of which 
p27kip1 and p21cip1 are well defi ned. The proteasomal machinery is involved 
in the degradation of p27 and p21, which is mediated by the SCF/SKP2 E3 
ubiquitin protein ligase. For its ubiquitin ligase activity against phosphorylated 
p21 and phosphorylated p27, which were mediated by cyclin E/A-Cdk2 at Ser-
130 and Thr-187, respectively, this E3 ubiquitin ligase requires the interaction of 
cyclin dependent kinase subunit 1 (CKS1). As a consequence, CKS1 functions 
as an adaptor protein, binding these CKIs to SKP2 for ubiquitination and 
eventual proteasomal degradation (Fig. 1) (6,16). In various cancers such as 
oral squamous cell carcinoma, breast cancer and gastric carcinoma, an inverse 
association between CKS1 and p27 has already been documented (17–19). 

Figure 1: Skp2 and Cks1 interaction into the G1 regulatory pathway via p27Kip1 ubiq-
uitination (Figure adapted from Fig. 7 in Ref. 21 Fig. 1 in Ref. 23).

A bioinformatics-based approach was used to defi ne possible fl uoxetine molecular 
targets and estimated CKS1 as one of the potential targets of fl uoxetine. Among 
a subclass of cell cycle-related proteins, a structure-based molecular docking 
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method was used to determine possible fluoxetine protein targets. This method 
predicted a potential molecular interaction between fluoxetine and the SKP2-
binding site on CKS1. Such an association is likely to interrupt and disrupt the 
SKP2–CKS1–p27 complex. Thus it was shown that, fluoxetine has the ability to 
disrupt the SKP2–CKS1 assembly essential for p27 and p21 ubiquitination and 
proteasomal degradation and these bioinformatics predictions strongly indicate 
that CKS1 is the molecular target of fluoxetine (Fig. 2). According to same 
study, fluoxetine administration could result in the accumulation of p27 and 
p21, which is an immediate result of functional inhibition of CKS1. This was 
followed by an increase in another potential target of CKS1, cyclin E. CKS1 
was also found to be down-regulated after fluoxetine treatment for an extended 
period of time. Fluoxetine inhibited cyclin A, confirming G0/G1 arrest at the 
molecular level. It’s concluded that, CKS1 is required for fluoxetine-induced 
cell cycle arrest. Based on the circumstances, it is thought that G1 arrest may 
result in either cell differentiation or apoptosis (6,16). Numerous studies have 
shown that, degradation of p27kip1 and p21cip1, G1/S checkpoint regulating CKIs, 
takes place only in the presence of functional CKS1, which aids in the substrate 
recognition phase of SCF/Skp2 E3 ubiquitin protein ligase (20–23). Moreover, 
there was no link found between the aggregation of these proteins and their 
mRNA levels. This suggests that the aggregation of these proteins is caused 
by defects in their protein degradation machinery rather than by transcriptional 
elevation. Fluoxetine has also been shown to cause G1 arrest in a time dependent 
manner by inhibiting the CKS1–SKP2 binding interaction site, resulting in 
increased p27 levels and neuronal stem cell differentiation (6). 

Figure 2: A fluoxetine molecule (shown green) docked into the skp2-binding site on 
human CKS1, making contacts with amino acids (His 36; shown cyan, Glu 42;  

shown green and Glu 40; shown yellow) and, as a result, it disrupts the  
SKP2–CKS1–p27 complex (6).
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There are various studies on the effects of fluoxetine on different types of 
cancer. In human xenograft mouse tumor models and drug resistance cells, 
fluoxetine was shown to increase the cytotoxic ability of traditional anticancer 
agents. According to one study, when fluoxetine used alone, it has been shown 
to promote cytotoxicity in certain tumor-derived cells. Furthermore, it has 
been shown to facilitate neuronal differentiation by targeting neuronal stem 
cells (24–27). Fluoxetine treatment was found to disrupt the tumor energy 
generation machinery, resulting in decreased proliferation, a decrease in the 
number of microvessels, and reduced the tumor growth in hypoxic colon 
cancer cells. Fluoxetine was also found to reduce the production of reactive 
oxygen species (ROS) in hypoxic colon tumor cells. Fluoxetine treatment 
decreased the activation of the Akt/mammalian target of the rapamycin (mTOR) 
signaling pathway in colon cancer xenografts, thus G1/cell-cycle checkpoint-
related proteins (p21, p27, and Rb) is not inhibited, so that it resulted in G1 
cell-cycle arrest in hypoxic colon tumor cells (7). It also has been shown that, 
fluoxetine elicits anti-cancer response both in vitro and in vivo in cancers such 
as hepatocellular carcinoma (HCC) and non-small cell lung cancer (NSCLC). 
Although fluoxetine was shown to promote metastasis formation dramatically, 
enhanced tumor growth and invasion-associated protein secretion (MMP-2, 
MMP-9, and VEGF) in B16F10 melanoma cells in vivo, in HCC and NSCLC 
ex vivo, fluoxetine can substantially suppress protein expression levels of the 
invasion-associated proteins VEGF and MMP-9. In addition, fluoxetine was 
found to reduce P-AKT and P-ERK protein expression levels significantly in 
HCC and NSCLC in vivo (3,28). In another study, Fluoxetine improved the 
percentage of HT29 colon tumor cells in the G0/G1 cell-cycle phase, as well as 
the expression of the p27 protein (29). The cytotoxicity of fluoxetine induces 
primarily apoptosis and DNA fragmentation in human colorectal cancer cells, 
which appears to be independent of the p53 proteins. It has been shown that, 
fluoxetine induced concentration-dependent cell death in human colorectal 
cancer cells by modifying mitochondrial membrane potential and causing 
phosphatidylserine translocation to the outer membrane layer (30). 

Fluoxetine’s effects on the growth of different types of cancer cells have also 
been investigated and it has been shown to trigger cell death in a range of cancer 
lines, including prostate cancer, lung cancer, ovarian cancer, colon cancer, breast 
cancer, neuroblastoma and hepatocellular carcinoma (8,9). Fluoxetin triggers 
cell death through a variety of signalling mechanisms, including the activation 
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of endoplasmic reticulum stress and the up-regulation of ROS. It has been 
demonstrated that, fl uoxetine raised ROS formation as well as oxidative stress-
mediated apoptosis in ovarian cancer and HCC (31). Fluoxetine was shown 
to have signifi cant anti-proliferative properties and to cause autophagic cell 
death in human breast carcinoma cells in vitro. Fluoxetine-induced autophagic 
cell death was linked to inhibition of eukaryotic elongation factor-2 kinase 
(eEF2K), which is known to be over-expressed in many forms of cancer, and 
activation of the AMP-activated protein kinase-mTOR-ULK complex axis (13). 
Human gastric adenocarcinoma cell proliferation was signifi cantly impaired by 
fl uoxetine in a dose-dependent manner in vitro. At the molecular level, Poly 
(ADP-ribose) polymerase (PARP) and caspase 3 cleavage studies indicated that 
fl uoxetine mediated apoptosis. Death receptors expression was increased, which 
led to increased expression of activated caspases and cleaved PARP, resulting 
in fl uoxetine-induced apoptosis. Furthermore, fl uoxetine treatment vastly 
enhanced ROS and increased the expression of the ER stress marker CHOP 
(6,8). The proposed mechanism of fl uoxetine-induced cellular stress, results 
in excessive unfolded protein response (UPR), which inhibits cell growth, 
promotes autophagy, and potentially promotes NFκB-mediated transcription 
of apoptotic genes like Bax. Fluoxetine also increases the expression of death 
receptors, resulting in caspase activation and increases ROS production (Fig. 3).

Figure 3: The proposed model of fl uoxetine on cellular processes. 
AMPK: Adenosine monophosphate kinase; p70 S6K: p70 S6 kinase 

(Figure adapted from Fig. 11 in Ref. 8 and Fig. 5 in Ref. 9).
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Besides these promising results, there are also several reports about fluoxetine 
having conflicting results. In one study, fluoxetine was shown to facilitate raised 
brain-specific development of breast cancer metastases in a mouse model. 
This is accompanied by increased blood-brain barrier (BBB) permeability and 
increased production of pro-inflammatory cytokines, suggesting that fluoxetine 
can encourage cancer cell entry into the brain through changes in BBB function 
(32). Another study has shown that, low fluoxetine concentrations up-regulated 
the expression of estrogen membrane receptor GPR30, estrogen receptor alpha 
(ERα), Cyclin D1, and c-Myc proteins, and also elevated the phosphorylation 
of ERK and PI3K/AKT, which are known to be mediated by GPR30 in breast 
cancer cells in vitro. As a result, low concentrations of fluoxetine induces the 
proliferation of breast cancer cells in a GPR30-dependent manner. Fluoxetine 
is known to have potent estrogenic properties, and these results suggest that 
fluoxetine can exert estrogenic effects through GPR30-mediated PI3K/AKT and 
ERK signals (5).

The implications of fluoxetine on tumorigenesis are still being debated. 
The apoptotic effects of fluoxetine differ depending on the concentrations, 
application time and the type of cells used. Fluoxetine can be regarded as a lead 
molecule for potential anti-cancer study that targets CKS1. Its high lipophilicity 
and selectivity for abnormally proliferating cells can improve in the targeting 
tumor cells in vivo. Although there are promising results considering the effects 
of fluoxetine on cancer cell growth, cell death and proliferation, further studies 
are required on the subject.
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1. Introduction

Orthodontic brackets attached to enamel, are one of the most substantial 
passive elements of fixed orthodontic mechanics that are used to 
transmitting the force applied by the arch wire to the teeth (1,2). Brackets 

soldered to stainless steel bands taped to teeth were used in the first years of 
the treatment (1). The next phase of improving brackets includes changing the 
base design to provide higher bonding with adhesives (1). With the increasing 
number of patients wanting an orthodontic treatment, following researches 
enabled brackets  with greatly improved aesthetic appearance comparing to 
metal brackets. Plastic and ceramic brackets are the results of this process (3).  
However, metal brackets are still the most frequently used brackets in routine 
treatment (4,5). Brackets divide into groups within themselves.

1.1. Metal Brackets:

Metal Brackets are the most common brackets preferred by orthodontists (6).  
Nowadays, there are different types of metal brackets used in orthodontics (7).  
Stainless steel is the most common bracket material used in orthodontics for 
many years due to being durable, hygienic and cost efficient.  However, the lack 
of aesthetics and nickel release in the mouth are the biggest disadvantages thereof 
(8). It’s known that nickel is a potential allergen.  Therefore, cobalt-chrome 
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alloy brackets are produced for patients suffering nickel allergy (9). Another 
alternative metal type to the stainless-steel brackets is titanium. Titanium is a 
biocompatible and corrosion-resistant material (10). Titanium brackets can be 
safely used on patients suffering nickel allergy since it does not contain nickel. 
Titanium brackets that are as durable and sturdy as stainless-steel brackets 
have a lower bending resistance (9). Another material used in the production of 
metal brackets is gold alloy. However, gold is not preferred much due to being 
expensive and having low technical performance (10).

1.2. Aesthetic Brackets: 

For adult patients, appearance during the treatment has become as important as 
the beautiful smile achieved at the end of the treatment (11). Improving devices 
combining both acceptable aesthetic for the patient and enough technical 
performance for the clinician is the greatest object. For this purpose, sizes of 
the stainless-steel brackets were reduced but these brackets could not meet 
the expectations in terms of aesthetic even though they provide the technical 
performance of which the orthodontist is in need. Even though the lingual 
orthodontic technique meets the aesthetic criteria, it has been clinically limited 
due to the technical difficulty and time-consuming uses thereof. The most recent 
development in this area is a treatment with thermoplastic transparent plates. 
In this treatment method, it is possible to treat simple and moderate crowding 
especially in adult patients (12).

1.2. 1. Plastic Brackets:

Plastic Brackets made firstly from acrylic, then from polycarbonate are accepted 
by orthodontists as an aesthetic alternative to metal brackets (13). But some 
kinds of problems are faced when using these brackets in the clinic. Plastic 
brackets that were transparent at first might get discolored by absorbing oral 
fluids during the treatment and cause odor. Difficulty in connecting to the tooth 
is that the high frictional resistance with the arch wire can occur. Also, it has 
been noticed that they have problems such as formation and fractures in the 
bracket wings due to their insufficient durability (14). To compensate for the 
negative sides of the plastic brackets, ceramics or fiberglass filling, metal slots 
attachable brackets that strengthened by various processes are developed but 
those precautions were not enough.  Even though these brackets are resistant to 
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permanent deformation and torque forces and have lower frictional resistance, 
discoloration is the biggest disadvantage thereof.  So that, these brackets are 
more suitable for the short time treatments that require minimum force (15,16).  

1.2. 2. Ceramic Brackets:

Ceramic is a very suitable material for brackets due to the aesthetic, solid, 
hygienic and odor friendly nature thereof. Therefore, ceramic bracket usage is in 
great demand in recent years (17). Many ceramic brackets are produced by expert 
producers and sold under the registered names by orthodontic supply companies 
(18). Monocrystalline, polycrystalline and zirconia ceramic brackets are in the 
market since 1987 (19,20). Monocrystalline brackets are made from extruded 
synthetic sapphire. Its surfaces are smoother and more durable than the other 
aesthetic brackets (19). As the particle size in its structure increases, the bracket 
gets weaker (20). Polycrystalline brackets are made by moulding with injection, 
sintering and lastly processing the gripper as needed to produce the finished 
product. These brackets have rough surfaces (18). The most common ceramic 
bracket type is polycrystalline brackets. Polycrystalline brackets have become 
more popular due to the sintering process is economical. Also, the irregular 
form in these brackets makes them look more opaque (19). Zirconia brackets 
are 4 times more durable than polycrystalline brackets. But they couldn’t gain 
popularity due to their more opaque and yellowish color than polycrystalline 
brackets (20).

With the ceramic producing techniques and better imitation of the tooth 
anatomy and improvements in color systems, the aesthetics of the ceramic 
restorations has improved greatly (21). Great improvements in the mechanics of 
dental ceramics have been achieved in recent years. By reducing the structural 
mistakes, increasing homogeneity and improving microform, the durability of 
the ceramics is improved (22). Progresses in material science, on the purpose of 
removing problems over polymer form of the plastic brackets with increasing 
demand for aesthetic brackets, ceramic brackets are developed in the middle 
of the 1980’s.  These brackets made from aluminum oxide (Al2O3) as known 
as alumina, have provided higher durability, resistance against corrosion 
and deformation, better color determination and most importantly a superior 
aesthetics. But these brackets have some disadvantages too. Aluminum oxide 
has a form nine times harder than stainless steel and enamel (23).
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1.2.2.1. Monocrystalline Ceramic Brackets 

Monocrystalline ceramic brackets are made from Al2O3 particles just like 
polycrystalline brackets. By high purity Al2O3 particles melted above 2100°C 
temperatures cooling down in a controlled manner, an exact crystallization 
provided. Obtained monocrystalline alumina in block form, it is engraved in 
the form of a bracket using a diamond cutter, laser or ultrasonic cutters. Heat 
treatment is applied to remove the surface deformations and tensions as a result of 
the cutting process. This production technique minimizes the deformities hinges 
on the stress. However, depending on the hardness of the ceramic material, the 
cutting process is more difficult and over costs (24). 

1.2.2.2. Polycrystalline Brackets:

They are produced by mixing aluminum oxide particles with a binding material 
then processed in a bracket form. Temperatures above 1800°C are used to 
burning the binder and fuse the mixture again. Then heat treating is applied 
to relieve the stress that happened during the cutting process and removing 
the surface deformations. Optic features and durability are the opposite things 
for polycrystalline brackets. Heat treating after the process should be done 
in a controlled manner in order not to cause more deformation of physical 
properties with grain fuse (25). The main advantage of the polycrystalline 
producing process is that it is an inexpensive process that yields a relatively 
large amount of product. The disadvantage of the shaping process is that surface 
deformations in the grain boundaries or formation of some impure substance. 
Impure substances as little as 0.001% or slight deformations can function as a 
focus for crack propagation (25). An alternative way to produce polycrystalline 
brackets is to form with injection. This process doesn’t require the brackets 
to be processed and removes the surface deformations caused by the cutting 
process. Aluminum oxide fused during the forming and heat-treating process 
reflects light and causes opacity to some degree. The most significant difference 
between polycrystalline and monocrystalline brackets is this amount of opacity. 
The production of the monocrystalline ceramic brackets is completely different 
(26-29). The primer advantage of the monocrystalline production is that it 
reduces or eliminates the possible problem causing impure materials. The 
disadvantage thereof is the difficulty of the processes and the extra cost that 
comes with the grinding of third hardest material known. This new technology 
has brought along its unique problems. It is possible to access further due to 
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the easier production of the polycrystalline bracket in the current situation (28). 
Unlike the plastic brackets, both monocrystalline and polycrystalline brackets 
are resistant to staining and discoloration (30). The biggest drawbacks for the 
current alumina brackets are their low break resistance and fragility causing 
breaks that occur when binding the arch wire (26). Many studies stated, breaking 
in alumina ceramic brackets is originated from torsional stress (31-34). There 
are many studies for surface modifications of polycrystalline alumina brackets; 
however, these were not commercialized for orthodontic brackets yet (35). 
Keith et al. (36) found out zirconia brackets did not show distinct supremacy 
over alumina brackets in friction, in their studies.  In another study comparing 
friction characteristics of zirconia and alumina brackets, zirconia brackets create 
more frictions than chrome-cobalt arch wires do (37). Water is used as an oral 
environment in this study so that clinical relationship is questionable. However, 
zirconia brackets have color and opacity problems in an aesthetic way and can 
inhibit photopolymerization of the composite (38).

1,2. 3. Ceramic Brackets With Metal Slots:

Surface roughness seen in ceramic brackets causes them to have high coefficient 
of friction. To prevent this disadvantage, ceramic bracket slots are thought 
to be made of stainless steel with a smoother surface (39). Cacciefesta et al. 
reported that they found less friction when comparing metal slotted brackets 
with traditional ceramic brackets, found more friction compared to stainless 
steel brackets in their study (40).

1.2. 4. Brackets With Ceramic-Plastic Combination

In this bracket system made in the 1990s, combining advantageous features of 
ceramic and plastic brackets was intended. In order to prevent the wing-breaking 
problem seen in plastic brackets, ceramic density in these parts was increased. 
Staining and discoloration problems seen in plastic brackets carried on contrary 
to expectations. Removing processes are easier than ceramic brackets. Their 
biggest disadvantage is the high coefficient of friction seen in the arch slot (41).
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1. The nature of Alzheimer Disease Type Dementia

In the world, there are about 50 million people suffer from dementia,
and about 10 million new dementia cases are diagnosed each year (1).
Dementia is a broad category defined as neurodegenerative pathologies.

The primary symptom of dementia is declines in cognitive ability of patients. 
In advanced stages of dementia, patients cannot achieve daily activities. 
Although there are different types of dementia, Alzheimer type dementia 
(AD) is mostly diagnosed. The rate of Alzheimer type dementia is about 80% 
of dementia cases (2).

Recently, the increasing rate of AD has reported in the epidemiologic 
studies (3,4).  Approximately 10% of people over the aged of 65 are trying to 
handle the effect of AD disease and it is reported that this number will gradually 
increase (5). It was estimated that the number of patients with Alzheimer’s 
disease in the world would be more than 50 million in 2010 (6).  Also, it is 
predicted to this number will reach to about 107 million in 2050 (2). Because, 
prolonged life expectancy was increased in the world and increasing in the 
number of older adults is expected. It seems that the prevalence of AD will 
increase as the number of older adults’ increases. Additionally, the economic 
burden of AD on healthcare system is greater than the cost of diabetes, 
cardivovascular diseases, and even cancer (7,8).  AD costs approximately 
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€800 billion ($1 trillion) a year in Europe (9). Therefore, effective strategies 
are needed to challenge AD.

The nature of AD is progressive and a definite treatment for AD has not 
been presented yet (2). Therefore, it is important to preclude progression of AD. 
The progressive nature of AD was classified as four different stage considering 
clinical symptoms and histopathological changes (10,11). These stages are 
preclinical, mild, moderate, and severe, respectively (2,12).

Preclinical stage is characterized by mild degree impairment in cognitive 
functions without severe symptoms (12). At this stage, the earliest pathological 
changes affecting the entorhinal cortex and hippocampus begin. Patients can 
continue to achieve daily activities. Although patients can remember long-term 
memories, they experience mild memory loss. 

Symptoms related to cognitive functions begin to emerge at the Mild 
Alzheimer disease stage (2,13). Pathological changes continue to progress 
and reach to the cerebral cortex. New symptoms related with remember 
memories are begin. Patients cannot remember new information and location 
of things and appointments. Laterly, the ability of problem solving is impaired. 
Management functions of patients are impaired. Changes in personality and 
mood of patients are occured. Confusion and disorientation are also other 
symptoms of this stage. 

At Moderate Alzheimer disease stage, the symptoms are intensified (14). 
Pathological damage of the disease continues to progress, spreading to areas of 
the brain (cerebral cortex) related to judgment, sensory processes, and language 
ability. Behavioral problems are begin to seen and patients withdraw from social 
activities. Subsequently, impairment in language ability and decline of visuo-
spatial skills are experienced. At this stage, the patient begins to be unable to 
recognize their loved ones.

At severe Alzheimer disease stage, patients cannot achieve their daily 
activities independently (2,15). The pathological damage progresses and spreads 
the entire cortex area of brain. Impairment in cognitive abilities of patients 
continue to decrease and decrease to lowest levels. In addition, more systemic 
symptoms begin to experience, including difficulty in performing learned motor 
tasks (dyspraxia), olfactory impairments, sleep disturbances, extrapyramidal 
motor signs such as dystonia, akathisia, and parkinsonian symptoms. These four 
stages of AD are schematically shown in Figure 1.
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Figure 1. The schema shows progress of  
Alzheimer Disease regarding clinical symptoms.

The mechanisms of AD have not been completely understood yet and exact 
pharmacological treatment has not been developed to cure the disease (4,16,17). 
Therefore, assesing the risk factors of the disease is important to manage the 
disease and various strategies are suggested to prevent the progression of 
AD. Gender, age, education level, smoking, obesity, and diabetes mellitus are 
common risk factors for AD (18-20).

Genetics is another researched factor for the risk of AD. Alzheimer disease 
can be diagnosed as early as 30 years of age and it is indicated as early onset AD (4). 
However, the more than 95% of AD cases diagnosed between the 60 and 65 years 
of age and this form late onset AD. Early onset cases of AD are generally caused 
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by mutations within three genes. These genes are Amyloid β Precursor Protein 
(APP) and the genes for the presenilin 1 (PSEN1) and for presenilin 2 (PSEN2) 
proteins (2). They are widely known genes causing autosomal dominant familial 
AD. The genetic background of late onset AD is cryptic (21). Although genetic 
background is responsible for developing the disease, multiple susceptibility genes 
and environmental factors are effective for late onset AD cases (22,23).

Moreover, the Apolipoprotein E gene (APOe) was reported as another gene 
for increased risk of AD (24). Essentially, APOe has impact on lipid and sterol 
transportation and charge of cholesterol transport in the brain (25). After the 
introducing of APOe4 relation with AD, various studies have been performed 
about having role of other genes in the same molecular pathways of APOe4 gene 
(2). A great number of genes were presented. However, they are not common and 
their affects are believed to have not strong effect on the prevelance of AD (26).

Various mechanisms that may be effective in AD disease have been 
described by the studies (27-29). These mechanisms are: neuroinflammation, 
oxidative stress, impairment in mitochondrial dynamics and function, deficiency 
of cholesterol, fatty acid metabolism, and glucose metabolism in the brain, 
autophagy failure. Although these are different processes, they are reported 
being related with each other and frequently work together (6).

The amyloid cascade is the most accepted theory which describe the 
pathology of AD (6,30). Initially, the neuroinflammation is occured with the 
accumulation and aggregation of β-amyloid peptide (Aβ). Later, β-amyloid 
peptide (Aβ) stimulates hyperphosphorylation of Tau proteins and formation 
of neurofibrillar tangles (NFT). Substantially, increased accumulation of Aβ in 
synaptic spaces cause axonal dysfunction (31).  As a consequence, the senile 
plaques are formed and the histopathological properties of AD are occurred 
(32,33). Early stage of AD, these lesions are in the entorhinal cortex and in 
the dentated gyrus (GD) of the hippocampus. These regions of the brain are 
responsible for memory functions. Laterly, the progression of AD continues and 
lesions extent to different regions of the cerebral cortex (34). Decreasing in gray 
matter volume of medial temporal lobe is associated with mild cognitive decline 
and AD (35,36).  Also, the effect of tooth loss on gray matter volume has been 
searched to lighten a possible relationship between the tooth loss and differences 
in brain (37).

In recent years, a novel concept claiming an association between cognitive 
decline and natural teeth loss was introduced. There are animal studies that 
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confirming the concept. In these studies, it was reported that deficiency of molar 
teeth and soft diet could contribute to decline in spatial memory of animals 
(38,39).  In a review study, it has been reported tooth loss can be a potential risk 
factor for impairment in cognitive functions (40). Moreover, a recent human study 
concluded that there was a relationship between reduction in gray matter volume 
of brain and number of teeth loss (41). In a neuroimaging study, it was observed 
that older edentulous patients had a significant decline in gray matter volume (42).

Scientific evidences report that cognitive health and oral health status are 
more related with each other previously estimated. Function of masticatory 
muscles and proper chewing stimulates the activitation of spesific brain regions. 
Therefore, neuronal activity, blood flow, and neurotrophic support are enhanced 
and also, amyloid-beta plaque formation may be precluded (9).

Cognitive ageing can alter some areas of the brain and interestingly, these 
areas are also related with chewing functions (43). These areas are the posterior 
cingulate gyrus, fusiform gyrus, cuneus, primary motor, somatosensory cortices, 
precuneus and caudate nucleus as well as the hippocampus, amygdala, temporal 
fusiform cortex, planumpolare, cingulate gyrus, lateral ventricle, precuneus 
cortex, superior temporal gyrus, post-central gyrus and central opercular cortex. 
Brain regions for both process have been reported in a previous study (9).

Locus Coeruleus (LC) includes noradrenergic neurons and it is part of the 
Ascending Reticular Activating System (44). LC can modulate noradrenergic 
system and neuroinflammatory processes (45,46). In early stage of AD, 
pathological changes are observed in LC neurons (47). The LC receive inputs 
from the trigeminal nucleus (48). These inputs can originate from the periodontal 
fibres, and proprioceptive cells by stimulating factor such as occlusal movements 
(48,49). Therefore, it is suggested that there is a possible interaction between 
dental occlusion and cognitive ability of patients (9).

Although recent findings seem to confirm cognitive ability and chewing 
function share same brain regions, the relationship between both abilities need 
to be supported by longitudinal clinical studies. 

2. The Physiology of Chewing and Evaluation Methods
of Chewing Ability

Chewing is the initial stage of digestion and it is a physical and biochemical 
process that allows nutrients to be swallowed and prepared for advanced 
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digestion stages (50). The chewing movements were managed by the area in 
the brain stem (51). The activity of the mastication muscles is controlled by the 
neurons in the motor nuclei in the brain stem. In order to contract a chewing 
muscle, a stimulus must first come from the periphery or the central nervous 
system. When this stimulus reaches to the threshold value, a potential occurs in 
the motor nerve cell of the related muscle and the cell membrane of the related 
muscle is induced with these potential transmission pathways (52). Chewing 
function is achieved with mandibular movements and these movements are 
managed by the mastication muscles. The mastication muscles are innervated 
by the trigeminal nerve which is one of the largest cranial nerves (53).

The muscle cells and neprilysin were searhced to elucidate the connection 
between brain and chewing function. Neprilysin (NEP) is a member of 
metalloproteases and it can have impact on the clearance of β-amyloid peptide 
(Aβ) (54). Neprilysin into exosomes can be packaged by muscle cells and 
exosomes are translocated from the nerve cells, and subsequently transported 
to the brain (55).  Cholinergic stimulation of myotube cells causes increasing 
in amount of exosomal NEP. NEP is not a brain-specific molecule and it can 
be reached into to brain by retrograde axonal way. Additionally, NEP can be 
transferred to the hippocampus by the trigeminal nerve. The possible relationship 
between chewing activity and decreasing the amount of Aβ plaque in the brain 
may be considered because of NEP rich exosomes in the brain (56). According 
to the findings of these novel studies, neuroprotective agents produced by the 
mastication muscles can reach to the brain and there is a possible connection 
between the oral enviroment and the brain (57).

Chewing behaviors can be altered person to person. Gender, age, the type 
of prosthesis are important factors to effect chewing performences. Elderly 
adults can show decreasing in chewing performance because after age 50, bite/
occlusal forces physiologically reduces (58). Additionally, it was reported that 
gender had an impact on the maximum bite force and the bite force of male 
individuals were higher than the that of female individuals (59,60). Patients are 
received prosthetic treatment because of missing teeth, and they can enhance 
chewing performences. When comparing the natural dentition with different 
prostheses in terms of chewing forces, removable partial prostheses can achieve 
approximately 30~60% of chewing perfomence exhibited by the natural teeth 
(58). The chewing performence of patients with complete prostheses is almost 
10~40% of natural dentition (57,61).
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Moreover, chewing efficiency can be modified by various factors. These 
factors have been reported as food texture, chewing forces, maxilla and 
mandibula movements, the features of chewing cycles in the previous studies 
(62-65). Various objective test methods have been introduced to evaluate 
chewing efficiency. Sieve method, two colored gum test, swallowing threshold 
test, computer-aided optical scanning analysis, crushing ability of food test, 
color measurement method, measurement test the amount of sugar released 
from chewing gum are the methods frequently used in the studies (66,67).

3. Studies Evaluating the Relationship Between Oral
Health and Cognitive Impairment

The health is considered as the state of being completely free from illness or 
injury. Therefore, it can be thought that oral health and systemic health can 
interact with each other. The maintenance of oral health can positively affect 
the general health of individuals. In accordance with this theory, various studies 
have been investigated the effect of oral health on general health.

Periodontal diseases are common inflammation of periodontal tissues 
around teeth. Especially, periodontitis is an inflammatory disease and about 10 
to 15% of the world’s population was affected (68,69). Dental biofilm cause 
dysbiotic oral environment, which damages periodontal tissues.  It was reported 
that the etiopathogenesis of periodontal diseases was strongly associated 
with systemic diseases in the previous studies (70-72). In the former studies, 
the association between periodontal and systemic diseases were investigated. 
It was reported that cardiovascular, respiratory, endocrine, musculoskeletal 
and reproductive system dysfunctions were related with periodontal disease. 
Moreover, it is proposed a possible association between AD and periodontal 
diseases (73-75).

The role of periodontal diseases can be important factor causing the 
establishment of various pathogen microorganisms (76). The progress of 
periodontal diseases can induce systemic inflammatory response via bacteria. 
Subsequently, the production of proinflammatory mediators were intensified and 
these mediators can join to the systemic circulation (77). Actually, removing the 
sources of micoorganisms from the oral enviroment may be effective to preclude 
the severity of various systemic disorders. In accordance with this information, 
the oral health status of patients with AD dementia may be worse than patients 
with healthy cognitive functions.
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Periodontal pathogens have been searched to understand their role at the 
pathogenesis of AD.These pathogens can cause direct damage to periodontal tissues 
via their virulence factors. Also, these microorganisms can induce the patients’ 
immune response and thus, chronic inflammation in periodontal tissues with 
subgingival pocket can be occurred (78,79). Consequently, the production of pro-
inflammatory mediators such as interleukin (IL)-1α, IL-1β, IL-6, tumor necrosis 
factor (TNF)-α, prostanoids and matrix metalloproteinases (MMPs) is increased 
and spread to the circulatory system (80). Various cytokines and inflammatory 
mediators are exposed to bloodstream and they can diffuse to brain. These cytokines 
can trigger ethiopathogenesis of AD by inducing neuroinflammation (77).

Porphyromonasgingivalis (Pg) is well-known pathogen and it has a key 
role for the presence of periodontal diseases. Interestingly, it was reported 
that lipopolysaccharide structure of Pg was identified in the cerebral tissue 
samples from dead patients with AD (81). Porphyromonas gingivalis can cause 
increased Aβ levels and hyperphosphorylation of Tau protein by inducing the 
production of pro-inflammatory cytokines and mediators (82,83). Periodontitis 
is a systemic inflammation and it was stated that the proinflammatory 
cytokines which were produced in the periodontal pocket could go into 
systemic circulation. Microorganisms and their virulence factors could diffuse 
from inflamed periodontal tissues to the brain tissues via peripheric nerves. 
Moreover, the relationship between various bacteria and the initiation of 
AD have been investigated. Porphyromonas gingivalis was detected in the 
fourth ventricle and cerebrospinal fluid (84). Similarly, Treponema denticola 
and Treponema pallidum which can cause periodontal inflammation were 
determined in the trigeminal ganglion and cortex (75,77). Also, bacteria can 
cause increasing of cytokines in brain. Various periodontal bacteria such as 
Aggregatibacteractinomycetemcomitans, Porphyromonas gingivalis, Prevotella 
intermedia, Fusobacterium nucleatum, Tannerella forsythia, and Eikenella 
corrodens can spread the brain tissues by circulatory system or peripheral nerve 
pathways (85). Although there is no sufficient evidence to define an association 
between periodontal diseases and AD, three possible pathways are stated 
(77,85,86). The first asserts that the bacteria diffuse into the bloodstream and 
spread into the cerebral vessels, cause the impairment of the blood-brain barrier 
(BBB) with the inflammatory response. The second proposes that bacteria could 
reach to the brain from the trigeminal nerve. The third determine that lymphatic 
circulation could be used to migrate by bacteria.
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In addition, if periodontitis is not remedied, it can cause teeth loss by 
damaging healthy bone around the natural teeth. Decreased chewing efficiency 
may be contributing to impaired cognitive ability such as verbal fluency and 
psychomotor capability (87). In this regard, there are evidences from clinical 
researches that oral health status can be important to manage cognitive decline 
in AD (88-91).

Generally, the clinical outcomes suggested that elderly patients with 
AD have impaired oral health status. However, there are discordant findings 
form the studies. Cerutti-Kopplin suggested that tooth loss is a reason that 
increasing risk of dementia (92),  in another study, it was stated that cognitive 
impairment was not associated with oral health (93). It seems that more 
findings are needed to confirm the association between cognitive impairment 
and tooth loss.  It was reported that deteriorated oral health and fewer natural 
teeth number could be associated with a probability of having severe dementia 
in the studies (72,94-97). In accordance with these studies, Stein et al stated 
that tooth loss may be considered an early sign of cognitive impairment (98). 
It is reported that if the number of natural teeth less than 9, cognitive health 
may be impaired. When episodic and semantic memory scores which related 
with cognitive functions were evaluated in a previous study, worse scores were 
defined for less number of remaining natural teeth (99). Therefore, in these 
studies, it is suggested the correlation between the remaining tooth number 
and cognitive function can be considered with regardless of nutrition effect. In 
another study, brain regions and molar teeth deficiency were evaluated (100). 
The effect of various prosthetic treatment types for absence of molar teeth was 
compared and significant differences were reported for the actuated brain areas 
during chewing. Possible related associations between tooth loss and cognitive 
impairment in older adults were suggested by Thomson and Barack (101). 
Firstly, tooth loss can cause impairment of nervous system by comprising 
nutritional conditions. Secondly, tooth loss can compromise somatosensory 
feedback because of less interocclusal contacts, contributing to cognitive 
impairment. Thirdly, tooth loss as a consequence of chronic periodontitis, 
and this chronic inflammatory process can have a negative impact on nervous 
system by leading to impairment in cognitive skills. Generally, it can be 
thought that patients with dementia prone to have oral health problems such 
as periodontal diseases and natural teeth deficiency. Figure 2 shows this 
correlation schematically.
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Figure 2. The schema exhibits possible mechanisms between  
tooth loss and cognitive impairment considering the study by Thomson and Barack.

As a general result, clinical studies were reported that the increased number 
of teeth loss and worsened periodontal health status in patients with AD (102-
105). On the other hand, the drug treatments prescribed for patients with 
AD can impair salivary function, causing increased risk of decayed teeth 
(97,106,107).

Actually, this association can be considered as bidirectional. When cognitive 
abilities of patients with AD are weakened, they may not be able to perform their 
daily routine activities such as oral health care. Therefore, oral health cannot be 
succesfully maintained by patients with AD.Individuals with impaired motor 
ability are more prone to have oral disorders such as gingivitis, periodontitis, 
and decayed teeth (108). Besides, the progression of Alzheimer can impact oral 
health by hindering oral care. Impaired motor skills and dependence on others 
because of disease interfere with toothbrushing, using superfloss, and going to 
dentists (109). It can be concluded that there is a logical positive relationship 
between oral hygiene maintanence and motor skills of person. 

Although the impact of oral health on preventing cognitive impairment 
has not been completely enlightened, significant findings have been reported in 
the relevant studies. The studies searched the relationship between oral health 
status and cognitive function and concluded that increased risk of dementia 
was associated with natural teeth loss, not wearing prostheses, and disregarding 
regular oral health controls (110-112). For these reasons, decline of oral health 
can be considered as an contributing factor for dementia by deteriorating 
nutritional status and social life. Dental health professionals may maintain 
cognitive health by improving oral health attitudes and oral health awareness 
of individuals. The oral care maintainance rate is low in elder adults aged ≥75 
years (113). The relationship between cognitive decline and poor oral health 
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status may be overlooked. Regular dental examinations can contribute to early 
diagnosis of dementia. In previous studies, the role of oral health maintainence 
was emphasized to improve cognitive functions and prevent dementia in elderly 
individuals (112,114,115).

4. Conclusion
Oral health is an important part of a person’s general health. The primary goal of 
dentists and dental treatments is to ensure the maintenance of oral health status. 
Healthy oral profile also positively influences the individuals’ quality of life. 
Moreover, it is predicted that the maintenance of oral health and natural teeth 
will have a positive impact on the general health of patients.

The primary goal of prosthetic treatments is to restore the esthetic 
and chewing function because of missing natural teeth. However, can the 
rehabilitation of chewing function also contribute to the cognitive functions of 
patients? Various studies have been conducted to answer this question, however 
the common limitation of studies is that they cannot present long-term findings. 
Therefore, findings from further clinical studies and evaluations are needed. 
Only in this way, it can be understood whether oral health can be considered as 
a regulatory or protective factor on the cognitive health of patients. In the future, 
it will probably be aimed to contribute to the general health of the patient by 
making prosthetic treatment plans considering the general health status of the 
patients, evaluation of Alzheimer’s risks, oral health maintenance and chewing 
activities provided by type of prosthesis.
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1. Introduction

Cancer is a major reason for death worldwide and approximately 10 million
deaths were reported in 2020 due to this disease (1). The global burden 
of cancer rates and deaths is quickly growing and this is attributed to 

social and economic development in countries (2).
Chemotherapy, radiotherapy, surgery, and immunotherapy are the four 

major treatment approaches in cancer patients currently used in practice. From 
these, chemotherapy is accepted the first option for cancer therapy (3). However, 
particularly drug resistance, the rapid growth of tumor cells, and any other 
biological features of tumors overall make difficult the eradication of the disease 
with conventional cures (4). In some cases, cancer cells, which are resistant to a 
single chemotherapy agent, can develop the resistance to a serial of structurally 
and functionally unrelated chemotherapeutic agents and this case is defined as 
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multidrug resistance (MDR). The most common MDR mechanism is thought 
to be the enhanced efflux of chemotherapeutic agents by transporters on the 
cell surface (5). Among these efflux transporters, P‐glycoprotein (P‐gp/ABCB1/
MDR1), belonging to the ATP‐binding cassette (ABC) transporter superfamily, 
is the most well-known one (6). Although several MDR modulators developed 
to date, many of them produce toxicity due to use in high doses to obtain the 
required results (7). Due to this concern, new researches are focused on the use 
of natural products obtained from herbs, because they have less toxicity, as P-gp 
modulators.

In this chapter, the current knowledge regarding the role of herbal medicines 
as modulators on P-gp function in cancer therapy is presented and discussed as a 
perspective of recent advances.

2. MDR and P-gp
Drug resistance to chemotherapeutic agents is one of the major threats to novel 
current cancer therapy worldwide (8). The term drug resistance is expressed 
as a reduction in a drug’s effectiveness and potency to provide a therapeutic 
effect, and it is a significant obstacle to disease care and overall patient survival 
(9). According to statistics, more than 90% of cancer patients die due to drug 
resistance (10).

2.1. Drug resistance mechanisms and MDR

MDR is defined as that the development of resistance by cells to the drugs which 
have different structure and function from each other (11). There is a complex 
interaction between the chemotherapeutics and tumor microenvironment. The 
cancer cells can develop significant resistance to many different molecular 
pathways targeted treatments (9). MDR occurs in many ways; reduced drug 
influx into the cell, activation of detoxification mechanisms, induction of DNA 
repair, modifications of genes and proteins that control cell cycle and apoptosis 
(most commonly P53 and Bcl-2), and activation of cell membrane efflux 
transporters are all examples of it (12).

Drug resistance may develop before the treatment or as a result of cancer 
treatment in practice (13). The resistance that exists in cancer cells due to 
overexpression of efflux transporter proteins before / independent treatment is 
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defined as “intrinsic resistance”. In contrast, in many cases efflux transporters 
overexpress as a response to treatment and this could be as a consequence of 
the mutation or alteration of MDR gene expression. This phenomenon is termed 
“acquired resistance” (14). 

Many ABC transporters are found in the cell surface and plentifully 
distributed in the gastrointestinal tract, liver, kidney, brain, and any other tissues, 
and they regulate the absorption, distribution, and excretion of several xenobiotic 
and medications, as well as influence the overall pharmacokinetic features of 
drugs. These efflux transporters prevent the accumulation of drugs, so not only 
protect cells but also decreasing bioavailability, intracellular concentration, and 
transition of the blood–brain barrier of drugs as interfering them (15, 16). ABC 
transporter superfamily consists of 49 genes and is divided into 7 subfamilies 
from ABCA to ABCG. ABCB1 (P-glycoprotein/P-gp/MDR1), ABCG2 (Breast 
Cancer Resistance Protein/BCRP) and ABCC1 (Multidrug Resistance Protein 
1/MRP1) are the best studied and assumed as the main factors for induction of 
MDR (17).

2.2. Features and Distribution of P-gp 

In 1976, the first ABC transporter, named P-glycoprotein, was identified by 
Juliano and Ling (18) in Chinese hamster ovary cells serving the resistance to 
colchicine. This glycosylated 170-kDa cell membrane protein is encoded by 
the MDR1 gene and is the most extensively studied efflux transporter of ABC 
family from 1976 to date (19, 20). Despite the researches over 30 years, the 
special features of the physiological substrates of this efflux transporter remain 
unclear (21).

P-gp is predominantly expressed in normal cells which are involved in
physiological barriers. For example, the apical border of intestinal epithelial 
cells (for drug absorption), the bile ducts or renal tubular epithelial cells (for 
drug elimination), and capillary endothelial cells situated in the blood-brain 
barrier, testes, and placenta (22). Furthermore, P-glycoprotein may play a role 
in antibiotic resistance in bacteria (23). P-gp has a key role of drug absorption, 
distribution and overall determination of the pharmacokinetic features, hence it 
is a significant factor in clinical response to many drugs. Moreover, it has been 
It has been reported that P-gp expressed in cancer cells is prominent contributor 
to MDR, the major challenge of chemotherapy (24).
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2.3. P-gp Contributes MDR in Cancer Treatment

It has been reported that P-gp overexpresses in approximately 50% of all 
cancers in humans (10). P-gp overexpression impairs the clinical efficiency 
of chemotherapeutics as a result of MDR in patients with breast cancer, colon 
cancer, many hematological malignancies, and metastatic breast cancer (25, 26). 
Although P-gp is expressed intrinsically in some cancers including lung, liver, 
kidney, rectum, and colon prior to treatment, in other types of cancers including 
hematological malignancies such as acute lymphoblastic leukemia and acute 
myeloid leukemia P-gp has been developed as a response to chemotherapy after 
treatment (16). P-glycoprotein has been shown in a variety of clinical trials to 
have prognostic value for indication of chemotherapy failure (27). The tumors 
which have MDR reveal a cross-resistance to a wide range of chemotherapeutics, 
many of them are natural products, for example, alkaloids (colchicine, 
vinblastine, vincristine), anthracyclines (doxorubicin, daunorubicin), taxanes 
(paclitaxel, docetaxel), epipodophyllotoxins (etoposide, teniposide), and 
antibiotics (actinomycin D, mitomycin C). All of these medications are pumped 
out of the cell by P-gp (23).

Developing ABC efflux pump inhibitors to sensitize cancer cells to 
chemotherapeutics is one approach for the reversal of MDR (15). The use of these 
inhibitors in combination with an anticancer drug can increase drug penetration 
into the tumor (27). Tsuruo et al. published the first study for overcoming 
the MDR pharmacologically in the 1980s, showing that the calcium channel 
blocker verapamil and the calmodulin antagonist trifluoperazine significantly 
strengthened the anti-proliferative action of vincristine and enhanced the 
accumulation of vincristine in an MDR murine leukemia cell line in vitro and 
also in vivo. Several compounds have been shown to reverse MDR in many cell 
lines and in vivo tumor models since this discovery (28). This finding sparked 
hopes that chemotherapy resistance in cancers could be overcome by blocking 
drug efflux (29).

Selective P-gp inhibition aims to decrease drug pumping out of the cell 
and raise drug concentrations in tumors to pharmacologically effectual grade. 
Hence, the research and discovery of selective inhibitors is a hot topic (27). P-gp 
inhibitors have been developed in three generations so far and verapamil is the 
first declared as P-gp inhibitor (29). P-gp inhibition has been shown in a large 
number of trials to be effective in preventing MDR in cancer patients. Calcium 



nEW tREnDs In HEALtH sCIEnCEs  ¨  ¨  129

channel blockers, indole alkaloids, cyclosporines, and calmodulin inhibitors are 
only a few of the MDR modulators that have been identified. However, the 
mentioned modulators had toxicity issues as a result of the need to use very large 
doses to achieve the desired effects (7).

3. Herbal Medicine in Modulation of P-gp
Since ancient times, natural products obtained from medicinal plants have 
been used to cure a variety of diseases. Natural ingredients were first 
used as medication in Mesopotamia around 2600 BC. Today, records of 
more than 700 drugs have been reached in “Ebers Papyrus” (B.C. 1550). 
Additionally, “Traditional Chinese Medicine” has been practiced in China 
for thousands of years, and the “Indian Ayurveda” regimen has been used in 
India since the first millennium BC (30). More than 20,000 medicinal plants 
are still in use today, according to the World Health Organization (WHO). 
Furthermore, especially in developing countries, traditional medicines 
are used by more than two-thirds of the population worldwide, because 
conventional academic chemotherapeutics are out of reach for poor people 
(31). According to the National Cancer Institute in the United States, 69% 
of all cancer chemotherapy medications licensed between the 1980s and 
2002 were either natural origin compounds or derivatives. Pharmaceutical 
companies interest three quarters of herbal drugs used in clinics because of 
their traditional importance (27). Natural products have been investigated 
for a very long time and researches are focused on basically four concepts; 
traditional medicine, rational phytotherapy, drug discovery, and integrative 
medicine (23, 32). Medicinal herbs used in the treatment of chronic diseases 
are generally preferred in lifelong treatments because they are well tolerated 
and safe. Many herbal medicines have been demonstrated to have a role in 
chemosensitization or reversing the resistance in cancers. Their capacity to 
modulate many pathways for cell survival with very low toxicity is a crucial 
feature of their activity (8).

Micronutrients in fruits and vegetables have been shown to decrease 
the cancer risk in epidemiologic and experimental researches. Recent studies 
addressed that non-nutritive ingredients in the diet has protective role against 
cancer. Many herbal constituents have been also in research for their effect on 
P-gp (33).
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3.1. P-gp: Target of Herbal Medicine 

It is well established that several natural compounds are transported by P-gp 
in the human body. P-gp substrates and inhibitors have often co-evolved in 
the same plant organisms. Plants develop secondary metabolites to protect 
themselves against their enemies including herbivores. If herbivores can 
protect themselves as detoxifying the natural products by P-gp, plants 
need to own inhibitor compounds against P-gp activation as a self-defense 
mechanism. Thus, it has been considered that plants should include P-gp 
inhibitors (34).

A set of evidence indicates that P-gp transporters excrete diverse classes 
of chemotherapy drugs including anthracyclines, topoisomerase inhibitors, 
vinca alkaloids, and taxanes out of the cell hence cause drug resistance by 
decreasing the intracellular concentration of anticancer drugs. As a result, 
inhibiting P-gp can re-sensitize resistant cells to chemotherapeutics (35). 
Co-administration of anticancer agents and natural compounds enhances the 
potency of chemotherapy and reduces the toxicity in reversing the MDR 
(36). Many safety problems including unexpected systemic toxicities, 
non-targeted inhibition, and unpredictable pharmacokinetic interactions 
between anticancer drugs and potential P-gp inhibitors are attributed to the 
current P-gp modulators belonging to three prior classes. These troubles 
cause significant concerns about clinical utility. Due to these concerns and 
the safety advantages, the fourth generation natural P-gp inhibitors have 
been investigated extensively since 2016 (37). Some of these most recent 
researches are presented in Table 1.

The interaction between the grapefruit juice and other several 
drugs provided the first proof of P-gp inhibition by those ingredients 
(28). Subsequently, a great deal of evidence has been reported about the 
pharmacokinetic interactions between herbs and drugs, resulting in either 
good or adverse effects (44).

There have been many studies indicated the potential anti-cancer effects of 
herbal sourced analogs and derivatives such as piperine analogs and berberine 
derivatives. Natural compounds are often prescribed as mix rather than single 
herbal medicine in clinical practice. Obtained data from recent researches show 
that some herbal mix have potency for overcoming chemotherapy resistance 
(45). It has been reported that several natural constituents, including quercetin, 
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curcuminoids, flavonoids, cordycepin, and carotenoids have inhibitory effects 
on P-gp (37). A large quantity of herbal products including piperine (from black 
pepper, Piper nigrum), capsaicin (from chili pepper, Capsicum annuum) and 
gingerol (from ginger, Zingiber officinale) are active ingredients of spices which 
are frequently take place in diet.   In addition to their culinary uses, they have 
been used in traditional Chinese medicine and various pharmacological activities 
have been demonstrated. Furthermore, in vitro studies have demonstrated the 
inhibitory effects of these herbal compounds on P-gp activity. These natural 
compounds may be potential candidates as P-gp inhibitors instead of current 
synthetic drugs because they are possibly less toxic (24).

4. Conclusion
Common P-gp inhibitors possess unpredictable adverse effects, thus herbal 
medicine has attracted the attention due to their safety advantages. It has been 
clearly demonstrated that herbal medicine acts as significant modulators of P-gp 
not only in vitro but also in vivo studies. However, these natural medications 
can consist as certain molecules, they can also be used as herbal formula or 
herbal extracts. In this perspective, some unpredictable pharmacokinetic 
interactions because of non-targeted other constituents of herbal products can 
occur independently of P-gp.

New studies are required to explore the determination of potential 
herb-drug interactions and the effect of herbal medicines on the overall 
pharmacokinetic features of drugs to develop effective and selective herbal 
P-gp inhibitors.
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1. Introduction

Mental health improvement is a progressive change in which individuals 
strive to get control of their own life, improve their health and others’ 
and reinstate their optimal state (1). The mental health recovery 

process is affected by several factors, namely the disease symptoms, personal 
relationships, acceptance of the disease, adaptation, motivation, self-sufficiency, 
family and social circle, self-perception, self-confidence, quality of life, and the 
presence of stigmatization (2).

Mental health requires skills such as recognizing own abilities, coping 
with the casual stress of life, and sustaining well-being by contributing 
to society. Child and adolescent mental health are addressed according to 
constantly changing and developing mental, physical and social competencies, 
critical periods and pertinent environmental factors (3). Prevention, detection 
and treatment of mental disorders will help children and adolescents to sustain 
their ideal functionality. These interventions are rather important to increase 
success in adulthood and prevent the recurrence of problems in the future 
(4). In particular, nurses, being the primary contact health professionals that 



138  ¨  ¨  tREAtMEnt ADHEREnCE In CHILD-ADoLEsCEnt MEntAL DIsEAsEs AnD tHE RoLE oF PsYCHIAtRIC nURsEs

oversee children and adolescents, are responsible for protecting and improving 
their mental health and preventing the development of mental diseases by 
identifying risk factors (5,6). Furthermore, it is of great importance to plan the 
necessary interventions and strengthen the treatment adherence in the presence 
of factors that adversely affect the treatment regimen. Treatment adherence has 
an imminent effect on the course of the disease, disease-induced morbidity, the 
patient’s social, occupational and familial functionality. In psychiatric patients, 
treatment non-adherence is often associated with frequent hospitalizations 
and disease relapses, resistance to treatment, and dire consequences such as 
diminished quality of life, increased treatment costs (7), meager occupational 
success and performance. Adherence to treatment, which plays an important 
part in the treatment of serious mental illnesses, is a complex and dynamic 
behavioral process that is influenced by factors such as the patient and its 
environment, healthcare personnel, and the delivery quality of health services 
(8, 9). Treatment adherence is realized by the patient’s acceptance and 
adherence to the treatment as arranged by healthcare professionals. Accepting 
and completing a treatment program, attending routine controls, adhering to 
drug intake regimen, rearranging the lifestyle and disease management are the 
main elements of treatment adherence (9, 10). 

2. Concepts of Adherence and Nonadherence with
Treatment

Adherence denotes the patient’s approval of the recommendations about its 
health with an emphasis on the physician’s role and the patient’s participation 
in establishing the therapeutic relationship.  The definition of adherence 
encapsulates participation in controls and holding on to a healthy lifestyle as 
well as taking prescribed drugs at directed doses and time. Adherence requires a 
patient to accept and take health-related recommendations seriously. Treatment 
adherence requires paying regular visits, completing the treatment program, 
using the medication on a regular basis and embracing the recommended 
behavioral changes (7). The weakness within the definition of adherence is that it 
conveys an “all or nothing” phenomenon and people adhere to the recommended 
treatment partially or intermittently (11).

There are two methods for evaluating adherence, namely subjective and 
objective methods. In detail, subjective methods entail examining repeated 
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prescriptions and patient records, conducting patient interviews, and assessing 
the decisions of physicians with regards to adherence. On the other hand, 
objective methods are enumerated as counting the remaining tablets and 
capsules in medication, comparing the ratio of plasma drug level against the drug 
dosage, and screening urine for drug metabolites. Although objective methods 
are more reliable and preferred, they raise many problems in terms of drug 
intake and measurement such as pharmacokinetic variability, associated costs, 
and obtaining the consent of a previously incompatible patient. Interpersonal 
variability in drug levels is another overly mentioned obstacle (11,12).

Raison-d’être for treatment nonadherence is unfollowing the recommended 
dosage and drug intake schedule or dropping the treatment at an early stage (7). 
Treatment nonadherence is shown to increase rehospitalization, morbidity, and 
mortality rates. Rehospitalization may trigger occupational and familial problems 
and eventually result in lower quality of life (13). Treatment nonadherence also 
yields to aggravated illness conditions, comparably escalated treatment costs, 
and diminished faith in psychiatric treatments (7).

Treatment non-adherence-related factors are contextualized under four 
major headlines in psychiatric disorders. The first one is ‘patient related’ factors 
such as young age, personality disorders, higher disease severity, grandiose, lack 
of insight, substance abuse (alone or as a comorbid), inadequate information 
about treatment, and lack of health insurance. The second one is ‘drug related’ 
factors, namely: neurological, endocrine and anticholinergic side effects, and 
either ineffective or excessive drug dosage. Thirdly, ‘environmental’ factors 
are enumerated such as inadequate social support, economic difficulties, family 
members with overexpressed emotions, the attitude of the social circle towards 
drug therapy, cultural beliefs, and paramedical help-seeking. Lastly, ‘physician 
and nurse’ related factors also play a major role such as poor therapeutic 
relationship, lack of empathy, poor communication skills and inadequate 
follow-up (14, 15, 16, 13, 17, 18).

2.1.  Treatment Adherence in Child-Adolescent Mental Diseases

Most mental disorders stemming from early childhood can gradually lead to 
escalating function loss in children and adolescents and are very likely to carry 
over to adulthood and cause destruction (19). Treatment adherence is exclusively 
problematic for children and adolescents and poses challenges for healthcare 
professionals, as the nonadherence maybe both children and parents induced for 
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whom common and unique barriers exist. Therefore, the identification of parent 
and child-related variables is key for an acceptable adherence level (20).

From a parental adherence standpoint, direct and indirect variables can be 
listed as follows: the scarcity of economic and social resources, expectations 
from treatment, stigmatization, side effects anxiety, and treatment management 
difficulties. The relevant literature also suggests other potential factors such as 
demographic, familial, and personal characteristics, type of illness, therapeutic 
regimen, the attitude of healthcare professionals, cognitive functioning, and 
motivation (20, 21, 22, 23, 24). Danielle et al (2008) cautiously exemplify factors 
such as good familial functioning, supporting close-friends, internal locus of 
control, immediate benefits of the treatment, parent’s beliefs about the seriousness 
of illness and treatment efficacy, and the attitude of healthcare professionals (25).

Apart from the mentioned variables, children-specific ones such as 
general instructional adherence and developmental level also exist. Lacking 
full awareness of the problem and the necessary motivation is highly common 
amongst children. Exemplary, in the absence of sufficient instructional control, 
a child with anxiety disorder would tend to subvert exposure and response 
prevention protocols through oppositional behavior (20). Additionally, the 
developmental level becomes an obstacle for treatment adherence as it requires 
the active participation of the child (20).

Adolescence is the time when physical, pubertal, and cognitive 
maturation is noticeably tapered for advances in various fields such as identity 
formation, psychosocial changes, and the establishment of independent social 
relationships. While the process of childhood starts with complete dependence, 
it evolves to adolescence with a more autonomous lifestyle (26,27). Most of the 
adolescents complete the transformation to adulthood process with unease as 
their responsibility of health and health care gradually compound and become 
overwhelming for them (25).

Other impeding factors for treatment adherence are enumerated as 
adolescence, caregiver’s mental health state, family problems, complex therapy, 
side effects of medication, and illness denial. Teens experiencing difficulty 
in following the medical regimen are generally occupied with emotional, 
social, familial, or mental health problems. It is found that low investment in 
the treatment plan coincides with depression or other psychosocial problems 
during teenage. Likewise, patient beliefs and attitudes are regarded as prominent 
predictors of adherence (25).
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These issues need to be addressed properly for managing adherence in 
adolescents with mental health disorders. As adolescents grow older, it naturally 
becomes harder to have them comply with the treatment regimens as feelings of 
independence and self-decision-making motives become preponderantly visible 
(25). The possible outcomes of treatment non-adherence are illness relapses, 
rehospitalizations, and other self-harmful reactions (28). One of the common 
problems in mental health care is treatment nonadherence and necessitates a 
thorough systematic investigation of underlying factors with special emphasis 
on adolescents owing to their unique developmental stage condition compared 
to adults and children (29).

3. Assessment and Development Methods for Psychiatric
Nursing and Treatment Adherence

In general, mental health services aim to provide holistic, individual-centered and 
recovery-oriented care in order to meet the needs of the patient and promote the 
recovery process (30). Recovery-oriented care practices in psychiatric nursing 
comprise psychological (counseling, conflict management, psychoeducation and 
therapies, satisfy spiritual needs), biological (providing self-care, movement, 
sleep, nutrition, medication, pain control, body temperature control, fluid 
intake and loss), and social interventions (behavioral therapy environment and 
community support therapies, patient safety) (31).

Treatment adherence assessment methods vary widely however it is 
possible to group them essentially under three major categories: self-report, 
parent or teacher report, and behavioral observation. 

Among those, ‘self–report’ aims to scrutinize an individual’s description 
of the events thru scales, checklists and questionnaires in order to understand 
the underlying factors with respect to the demographic, familial, and personal 
background that conduce to presenting symptoms (20). Thus, determining who 
will be the primary change target plays a critical role in adolescent treatment. 
Whilst the answer to this matter is rather simple for young children as it is 
typically always the parents, the primary target could be either the child, parent 
or both in the case of older children or adolescents.  The efficacy of therapeutic 
interventions can be largely elevated thru functional assessment of the behaviors 
targeting nonadherent behaviors, underlying antecedents, individual differences 
(lack of skill, motivation or support, time-intensiveness of the treatment). All in 
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all, whether it is a child or adolescent, each patient is characteristically unique 
by how they reveal, maintain, and strengthen resistant behavior. Therefore, 
personalized approaches taking account of these variables during treatment 
planning may yield a better treatment adherence (32,33).

There are a number of interventions used to improve the adherence level of 
children and adolescents, namely building a good relationship, psychoeducation, 
skill training, and motivational approach. Foremost, effective nursing care 
requires establishing a sound connection with the individual that will implement 
treatment. In incidents where parents are regarded as the primary contact 
for treatment implementation in dealing with young children, establishing a 
good relationship directly with the patient is not always the case to promote 
treatment adherence. On the contrary, there may be situations where the child is 
required to take the initiative for certain component(s) of the treatment. In such 
conditions, the integrity of the treatment heavily relies on establishing rapport 
with the subject. In the case of adolescents, engaging in psychological treatments 
becomes easier and more frequent thus treatment adherence can benefit from a 
rapport relationship (20).

Getting patients acquainted with the intricacies of the treatment process can 
positively impact treatment adherence but can not guarantee success per se. Thus, 
nurses may undertake psychoeducation programs to enhance treatment adherence 
with children and adolescents. Typically, the psychoeducation context should 
cover topics such as general information about the disease, disease management, 
tentative positive and negative side effects of drugs, emergencies, etc. 

Patients may either lack the necessary skills or the motivation to execute a 
treatment protocol. The unskilled patients can’t possess the required knowledge 
for implementing the treatment partially or fully (20). Therefore, it is crucial to 
plan skill-gaining programs for child-adolescents and their parents after careful 
assessment of parents’ requirements and needs. As a matter of fact, the mental 
health nurses’ attitudes and behaviors in support of helping their patients to 
highlight their strengths and develop coping mechanisms, play an important role 
in facilitating this process (34). 

The effects of therapeutic communication of the child with his/her family 
are rather remarkable in applications aimed to induce behavioral change (35). 
Health professionals working in the field of child health should make plans for 
behavioral change through therapeutic communication and develop effective 
interventions (35). Motivation is often an overlooked component and should be 
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incorporated in behavioral change efforts along with added parental support and 
participation (36). 

Evaluation of both the parent and the child in terms of motivation for a 
behavioral change is critical for promoting treatment adherence (33). The 
motivational interview (MI) approach, which accepts the ambivalence and 
individual choices of the adolescent, accepts the adolescent’s developmental 
changes, correct and unchangeable abilities and autonomy about his/her 
behaviors, and selectively strives to stimulate change only on risky and negative 
behaviors via assignment of more realistic and accessible purposes which in 
return yields a better treatment adherence (37, 35, 38, 39). Therefore, it is 
asserted that MI is suitable for use in adolescents.  As a behavioral intervention, 
MI is also recommended for health professionals working in the treatment and 
care of a healthy/sick child. From a patient advocacy role standpoint, psychiatric 
nurses are in rather a suitable position for the application of MI to children and 
adolescents within the developmental framework.

4. Conclusion
Psychiatric nurses interact with the patients longer than any other health 
professional. Therefore, initiatives such as preventing exacerbation, increasing 
adherence with the drug treatment, monitoring the drug effects and pertinent side 
effects, and aiding insight formation with the patient are undertaken frequently 
by the psychiatric nurses. In this context, a psychopharmacology guide which 
prepared for the psychiatric nurses by the American Nurses Association (ANA) 
emphasised a duty and responsibility framework for the psychiatric nurses. Per 
this guideline, psychiatric nurses are made liable to collaborate with patient 
and its family during treatment planning aside other duties. Psychiatric nurses 
mediate between psychiatric patient, psychiatrist and the prescribed treatment. 
In order to sustain treatment collaboration, nurses should provide medication and 
maintain treatment participation through nurses’ trainer role (psycho-education 
about treatment and relevant side effects via face-to-face communication, 
brochures, etc.) and set out counselor roles for patients and their families.
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1. Introduction

The literature available to us helps us to better understand the accounts 
of both the poisonous and healing properties of mad honey.  Mad honey 
poisoning is clinically characterized through evidence of low blood 

pressure, slow heartbeat syncope and vomiting that begins a short time after 
consumption. Evidence of mad honey poisoning in current literature reflects 
discussions on the subject going back to the ancient Greeks and Romans. Of 
course, information is limited from these earlier periods. One source that stands 
out is Xenophon’s Anabasis, which is looked at in detail later. In this article, the 
clinical observations related to poisoning caused by grayanotoxin, originating 
from the structure and flowers of the rhododendron species, as well as the honey 
itself, produced by bees consuming the nectar, are examined chronologically 
from the Classical Period to the beginning of the 20th century.

The information presented in the article was obtained by searching 
historical books and literature using the keywords “mad honey” and “poisonous 
honey”. The literature review was conducted in English. The studies also was 
benefited from German and French works which gave important information 
about the subject. The literature review was conducted from the ancient times to 
the 1900s (Table 1).
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2. Classical Period (600BCE- 650CE)
In the Homeric Hymn to Hermes written between the 6th and 8th-century 
BCE, there are descriptions of young women, the “Bee-Prophets,” who foretell 
prophecies while under the influence of fresh honey. Indeed, the prophets living 
under the rocks of Mountain Parnassus and fed with “yellow honey – the food of 
the Gods”, were said not to be able to prophesize should they be deprived of the 
sacred honeycomb. One strong interpretation of this “yellow honey” suggests 
that it could be honey that is unglazed, with an absence of wax, and therefore 
unripe, which could lead to poisoning. The honey consumed by the so-called 
Bee-Prophets, could therefore be mad honey, produced by the bees feeding on 
the Rhododendron species or its relatives. The historical work outlines some of 
the effects caused by intoxication, including stupor (1). Since mad honey can 
also cause stupor, it can again be inferred that the two are the same. 

Table 1. Publications on The Mad Honey
Year Author Publication 

Title
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520 
BCE

Homeric Hymn 
to Hermes

The bee prophets go into a trance under 
the influence of the honey they eat. 

370 BCE Xenophon Anabasis Soldiers in the Xenophon’s army are 
poisoned by the honey and “get maddened”.

384-322
BCE

Aristotle; 
Launcelot D. 
Dowdall

Works of 
Aristotle: De 
Mirabilibus 
Auscultationibus

The honey in the Black Sea Region 
maddens humans and cures epileptic 
patients.

90-30
BCE

Diodorus De 
Sicilus

The Historical 
Library of 
Diodorus the 
Sicilian

The honey mixed with liquor leads to 
maddening and deep sleep.

64 BCE-
23 CE

Strabo Geography The use of the mad honey as a 
biological weapon against Pompey’s 
soldiers.

35 BCE Plutarch Plutarch’s Lives Soldiers get maddened and die under the 
influence of the plants they have eaten.

40-90
CE

Pedanius 
Dioscorides

De Materia 
Medica

Mad honey’s smell and taste, clinical 
condition it leads, treatment, and the use 
of it as a healer 

23-79
CE

175-235
CE

Pliny

Claudius 
Aelianus

Natural History

Aelian

The fact that The Black Sea honey may 
cause maddening, treatment of the mad 
honey poisoning, characteristics of the 
mad honey and its use as a healer
Maddening effect of  Trabzon honey 
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945-969
CE

Samuel 
Hazzard
 Cross

The Russian 
Primary 
Chronicle1

The slaughter of the soldiers who were 
under the influence of the mad honey.

XVI. 
Century

Trabzon Court 
Records

The complaints of the people, who 
were poisoned by the honey they 
bought, about the seller

1741 J.P.Tournefort A Voyage into the 
Levant

The source of the poison in the honey 
produced in the Black Sea Region 
being the Azalea pontica Maxima 
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0-

19
14

)

1787 M. De
Peyssonnel

Traité Sur Le 
Commerce De La 
MerNoire

The fact that honey is an important 
export product in the Black Sea 
Region and the use of the mad honey 
to increase the effects of the liquors 

1802 Benjamin Smith 
Barton

On the Poisonous 
Honey, Some 
Account of the 
Poisonous and 
Injurious Honey of 
North America

The symptoms of the honey 
poisoning, poisoning case 
examples,characteristics of the 
poisonous honey 

1842 William J. 
Hamilton

Asia Minor Pontus 
Ermenia with Some 
account of their 
Antiquties and 
Geology vol-2

Plants that cause the poisoning effect 
of the honey in the Black Sea Region 

1852 IB. Coleman New Jersey medical 
reporter and 
transaction of the 
medical society/
cases of poisoning 
by honey

The mad honey poisoning and a death 
case

1883 Alex. Nesbitt; 
C.WolleyDod;
Henry
ClarkeBlenkeim;
J. Ross

Gardener Chronicle Plants containing nectars poisonous 
to honey

1 The Russian Primary Chronicle. Translated and Edited By Samuel Hazzard Cross and Olgerd 
P. Sherbowitz-Wetzor Copright by The Mediaeval Academy of America Library of Congress.
Catalog No: 53—10264
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1883 JF Eykman Sur les principes 
de l’Andromeda 
Japonica 
Thunb

The toxic compound being named as 
“Acebotoxin”

1882 PC Plugge Sur 
l’andromedotoxine, 
le principevénéneux 
de l’Andromeda 
Japonica  
Thunb

The toxic compound being named as 
“Andromedotoxin” 

1883 PC Plugge Ueber 
Andromedotoxin, 
den giftigen 
Bestandtheil 
der Andromeda 
Japonica  
Thunberg

Andromedotoxin isolation form 
the Andromeda japonica Thunberg 
species and the revelation of its toxic 
effects
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1883 PC Plugge Ueber das 
Vorkommendes 
Andromedotoxins 
in Andromeda 
polifolia L

The determination that the some 
species contains Andromedotoxin 
and has a toxic effect

1875 J. Grammer The Poisonous 
Laurel Honey of 
Virginia

The poisonous honey procured from 
the Mountain laurel in the state of 
Virginia and honey poisoning cases 

1885 Death in theBee 
Gun

The case of a child who lost his/her 
life due to the honey poisoning 

1887 H. J. Ross Gardener Chronicle/
Trebizond
Honey

The discussion over from which plant 
the poison comes to Trabzon honey  

1888 JC Tresh Bee Keepers’ 
Magazine, 
Poisonous Honey 
Notes on Trebizond 
Honey

An examination on whether 
Trabzon honey contains poisonous 
components

1891 Joseph Dalton 
Hooker

Himalayan Journals 
Notes of a Naturalist

Similar vegetation and the presence of 
the poisonous honey in Himalaya

1891 PC Plugge Andromedotoxin 
haltige Ericaceen

Andromedotoxin examination in 
some Ericaceae family species 
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1896 B APW. Honey Plants 

in Florida also 
Something about 
Poisonous Honey

Important aspects in the 
determination of the honey poisoning 
cases 

1896 AC. Peale Chemical Society of 
Washington

Plants that could be the source of the 
honey poisoning

1899 AI. Root A B C of Bees 
Culture/Poisonous 
Honey

Findings related to the honey poisoning, 
honey poisoning cases, antidotes to 
be used in poisoning, areas where the 
poisonous honey spreads 

1905 Poisonous Honey/ 
The Lancet

Findings and treatment in the honey 
poisoning

1921 SW. Hardikar On Rhododendron 
Poisoning

Results of animal experiments on the 
toxic effects of andromedotoxin on 
respiratory and circulatory systems. 
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1921 John Uri Lloyd Pharmacopeial 
Vegetable Drugs 
Chemicals snd 
Preparations

The source of the mad honey being 
the opium flower.

1923 Everett Franklin 
Phillips

Beekeeping The plants that have poisonous nectar. 

1925 Y. Tokuda, E.
Sumita & L. T.
Floyd

On the Source of 
Poisonous Honey

Studies in Japan on toxic honey, 
indications of honey poisoning, 
localization of poisonous honey in 
Japan
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1927 Nature Ramblıngs/
Poisonous Honey

Personal experience with honey 
poisoning, plants that are thought to 
cause poisoning

1929 Mosolewsky Bee World The periods that honey poisoning occur, 
relation of poisoning cases with rain, 
duration of beginning of symptoms 
in cases of poisoning, incidence of 
poisoning being more frequent in 
children and the areas where mad 
honey poisoning cases occur

1938 Kingdon Ward Plant Hunter’s 
Paradise

Poisoning case thought to besourced 
from Rhodendrons in Burma, 
symptoms of poisoning

1938 Bodog F. Beck Poisonous Honey Growth of Azaleas and 
Rhododendrons abundantly in 
caucasus and being poisonous of the 
honey that produced in the blooming 
period of these plants.
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1949 Howes FN Sources of 
poisonous honey/
Kew Bulletin

Plants known as the source of toxic 
honey in North America

1953 Neil C. Moran, 
Peter E. Dresel, 
Marjorie E. 
Perkins and 
Arthur P. 
Richardson

The Pharmacologıcal 
Actions of 
Andromedotoxin, 
an Active Principle 
from Rhododendron 
Maximum

Studies on the isolation and effects of 
andromedotoxin.

General Xenophon (430-355 BCE), who commanded the Greek soldiers on 
the return from the Persia expedition in 401 BCE, was also an historian and 
philosopher. In The Anabasis, he described how his soldiers were poisoned by 
honey in a settlement area where they stayed while passing through Trabzon. He 
says that the Greeks, who had reached the summit, stayed in many villages that 
were full of food. Honey was readily abundant and many of the soldiers ate their 
fill. Soldiers who ate the honey, however, soon experienced severe reactions, 
including vomiting, diarrhoea and the loss of the ability to stand. Xenophon 
describes the men who ate only small amounts of honey as looking like “dead 
drunk people” while those who consumed more were described as looking like 
“furious crazy people, even moribund.” Many of them fell down as if having 
lost all hope after a big defeat on the battlefield and a quiet desperation settled 
over the villages. The following day nobody was found to have died and within 
24 hours many were beginning to recover. He goes on to note, “By the third 
and fourth day, they started walking wearily as if they purged.” (2). Comparing 
Xenophon’s descriptions with current knowledge on mad honey poisoning, 
it is highly likely that the soldiers were indeed experiencing its toxic effects. 
Although current data shows that it does not take three to four days to recover, 
as mentioned by Xenophon. Generally speaking, especially with correct medical 
treatment, an individual who has been affected by toxic honey can return to their 
normal life in a much shorter period of time. 

In the Works of Aristotle, in which the writings of the famous Greek 
philosopher Aristotle, who lived between 382-322 BCE, were compiled, it is 
said that the honey produced around Trabzon had a disturbingly heavy smell, 
and that while it could cure epilepsy completely, it turned rational people insane 
(3). Roman writer Claudius Aelianus (175-235 CE) also pointed out the more 
unique properties of honey from the Trabzon region in his work Aeliain.  He, 
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like Aristotle, noted how Trabzon honey had a very heavy scent and could also 
cause madness (4). Certainly mad honey is known to have a distinctive strong 
odour, however, not all claims attributed to this type of honey in historical 
writings are backed by scientific evidence. For example,  it should be noted 
that grayanotoxins suppressed epileptiform activity in an animal study (5), 
but there is no evidence that this type of honey can completely heal epilepsy 
patients. 

A kind of liquor mixed with honey is mentioned in the writings of the 
Greek historian Diodorus de Siculus (90-30 BCE). Diodorus de Sicilus wrote 
that there is a particular type of liquor produced in Gaul, known as Xythus. 
When the liquor is mixed with honey and then consumed, those who drink it 
either fall into a deep sleep or exhibit symptoms of insanity (6). Again, we see 
how the honey mentioned in this historical text aligns closely with the toxic 
effects seen in those who consume mad honey today. 

In the historical work Geography, the geographer, historian, and philosopher 
Strabo (64 BCE-21 CE) who had earned a reputation for his studies on migration 
and settlement areas of nations said that the people of Heptacometae (the local 
people), who lived in the Kolkhis region, were savage. Members of the tribe 
would live among the trees or in small towers and attack travellers passing by. 
Strabo describes how the Heptacometae killed great Roman General Pompey’s 
solders. The locals placed bowls full of mad honey on the roads the soldiers used 
to pass through the mountains; the soldiers who ate the honey swiftly losing 
consciousness. The tribe members then attacked thus managing to destroy a 
number of Pompey’s soldiers (7). 

The Greek writer Plutarch (46-120? CE) states in Plutarch’s Lives, that in 
35 BCE, the Roman commander Antony (Marcus Antonius) and his soldiers, 
who were defeated by the Parthian army (a civilization located in today’s north-
eastern Iran), retreated to an area around Armenia where in order to survive 
they had to eat whatever plants and roots they could find. Soldiers who ate 
certain plants, apparently, would lose their memories, experience symptoms 
of insanity and often die. There is a high probability that the plants mentioned 
here are Rhododendrons or plants related to this species (8). Rhododendron 
plants are known to grow abundantly in the region of the Caucasus Mountains, 
the area mentioned in this historical text. Due to the presence of grayanotoxin 
in the leaf and stalk of the plant, this poisoning event was likely caused by 
grayanotoxin (9,10).
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According to De Materia Medica, the book of Dioscorides, a physician 
and pharmacologist in the Roman Empire, honey obtained from flowers during 
certain times of the year in Heraklia could be poisonous. The taste of the 
poisonous honey was said to be tangy and its smell could apparently induce 
sneezing. The poison in the honey also led to excessive sweating. Dioscorides 
recommended in the case of poisoning that ruta graveolens should be eaten 
as part of the treatment process; the patient could be made to vomit with the 
consumption of overly salty foods.  He also, however, notes some beneficial 
uses, stating that Heraclia honey was very effective in the healing of sunburns 
and scratches (11). It is likely that he was referring to mad honey, as the strong 
odour mentioned is typical for mad honey. His treatment methods for emptying 
the stomach and increasing tension were likely effective, as we can see in other 
sources. Additionally, it should be noted that information about any healing 
properties that mad honey might have on sunburn is not found in the established 
literature. Also, a study conducted with animals reports that mad honey could be 
effective in the healing of fractures (12). 

The Roman naturalist Pliny, praised the quality of the honey procured from 
the Mediterranean region but warned that honey from the Black Sea coasts could 
be dangerous or “mad” (melimaenomeuon). Pliny was the first to refer to the 
toxicity of the Rhododendron, Azalea, and Oleander plants, known colloquially 
as “ killer of horses and lambs”, “destroyer of goats” and “destroyer of cows” 
(13). The toxicity mentioned by Pliny is caused by the grayanotoxin compound, 
which is found in the leaves, branches and flowers of the rhododendron plant. 
There are cases reported on this subject in the literatüre (10).

Pliny, in his writing, described how during certain years, in the region of 
Heraclia, the honey produced could be very deadly while during other years it 
was found to have no toxic properties.  He characterised the harmful honey as 
follows: “lack of solid consistency, a darker colour than normal, a strong strange 
odour that could induce sneezing, and heavier in weight than healthy honey. 
Pliny also stated how only certain parts of the honeycomb were harmful and that 
the honey was most likely to have toxic effects during the early summer months, 
after the heavy spring rains.”

 Pliny also mentioned how poisonous honey could be found in the country 
of Sanni, referred to as “mænomenon”, and that the poisonous effects of the 
honey were thought to originate from the Rhododendron. Pliny also remarks on 
some positive uses for the honey, suggesting that mixing it with costus, another 
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type of plant, produces an emollient for softening the skin, while mixing the 
honey with aloe can be used in the treatment of scratches. Pliny’s claim that the 
honey, produced directly after the rainy months of spring, was the most toxic is 
not compatible with today’s knowledge. On the contrary, honey should be less 
poisonous directly after a rainy spring because bees would not be able to collect 
enough nectar from the flowers during the blossom season of the Rhododendrons. 
In regards to Pliny’s assertion that some parts of the honeycomb are more toxic 
than others, this could be possible as it depends on exposure to the elements. 
Finally, although there is a widespread belief that mad honey is dark in colour, 
this is not always the case. Mad honey poisonings have also occurred from 
consumption of honey that is light in colour (13).  

3. Period Between Classical and Industrialization
(600- 1750)

The use of mad honey, as illustrated by Strabo, as a weapon to defeat enemies, 
is also seen in later periods of history. In 946 CE, Olga of Kiev (915-969 CE) 
gifted a few tons of the poisonous honey produced in the Black Sea Region to 
her enemies. Accepting this tribute, believed to be genuine and unknown to be 
harmful, Olga’s enemies were set up in a trap. The soldiers at Olga’s command 
slaughtered approximately 5000 people who were affected by the poisonous 
honey and therefore unable to defend themselves (14,15). The fact that the 
honey mentioned here is from the Black Sea region suggests that Olga’s gift 
was none other than mad honey.

There is evidence of honey being used as an effective poisoning method 
throughout history. In 1489, Tatar soldiers were murdered by Russian soldiers 
who had consumed toxic honey. The Tatar soldiers were given large quanties of 
honey liquor to drink, the honey being poisonous. Once under the influence of 
the toxic honey, approximately 10.000 Tatar soldiers were killed by the Russians 
(14,16). Since poisoning with honey and honey liqueur is a historically well-
known phenomenon in the Black Sea region, it is highly probable that the honey 
liquor consumed by the Tatars was indeed mad honey. 

Examining the records of the Ottoman Empire also produces some 
interesting cases where honey poisoning occurred. In Trabzon, in the XVIth 
century, there is a court case involving the alleged deceitful sale of mad honey. 
The son of a local seller sold a man some honey, which he claimed to be good. 
Mustafa Bey and his friends ate the honey but soon came down with symptoms 
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of poisoning. Upon recovery, they chose to file an official complaint in court 
about the seller – İskender (17). In the records, the seriousness of the case is 
emphasized by repeatedly pointing out that Mustafa and his friends could have 
died. This poisoning has a striking resemblance to the mad honey poisoning that 
Xenophon’s soldiers experienced in the Trabzon region. 

French botanist J.P.Tournefort (1656-1708) found the Azalea pontica plant 
on the eastern side of the Black Sea and named it “Chamaerhododendros”. 
J.P.Tournefort, in his work A Voyage into the Levant, stated that the mad honey 
produced by bees around Trabzon is from the Azalea pontica maxima plant nectar 
(18). The author described the mad honey poisoning caused by Rhododendron 
species in this article.

4. Industrialization (1750-1914)
M. de Charles Peyssonnel (1727-1790) included notes on mad honey, known to
Europeans as “miel fou” in his book titled Traité Sur Le Commerce. Peyssonnel
asserted that this particular type of honey was one of the more important
exports of the Black Sea in the 18th century. He mentioned that among the
products exported from the Taman peninsula on the Eastern side of the Black
Sea (nowadays, a peninsula covering the territory of Russia-Krasnodar Kray)
was 25 tons of honey collected from Abkhazia. He goes on to say that the honey
was terrible, not worth the cost and led to terrible symptoms of poisoning. He
specifically refers to this honey as “mad honey” and points out how it is used to
increase the effects of intoxicating beverages (19). Therefore, it is quite possible
that the honey he refers to is the same as mad honey. The fact that mad honey
has been used to increase the drink is very common, in the region.

American botanist, naturalist, and physician Benjamin Smith Barton 
observed toxic effects in a few individuals eating wild honey near the Ohio 
River in the west of Pennsylvania in 1785. Outlining his observations in the 
Transaction of the American Philosophical Society Journal, Barton reported that 
one of the known symptoms of honey poisoning was vomiting. Barton stated 
that “the vomiting associated with the intake of the toxic honey contributes to 
healing.” Barton identified other symptoms of mad honey poisoning as “blurred 
vision, vertigo, pain in the stomach and intestines, delirium, mental fog, 
convulsions, sweating, foaming at the mouth, and nausea.” Barton emphasised 
that “death is possible in serious cases of toxicity.”
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According to Barton, the colour of the honey was not helpful in identifying 
it as poisonous or not. He indicated that since the bees were collecting nectar 
from a number of different coloured flowers, the colours of the flowers would 
be reflected in the honey and could therefore vary. He did state, however, that 
honey most often found to be poisonous was usually reddish or reddish-brown 
in colour with greater consistency than harmless honey. Barton’s findings are 
consistent with what is known about mad honey today.

Barton points out that both the poisonous and healthy honey in the 
Carolinas and Florida are very similar to each other and many accidents have 
occurred where individuals assumed they were eating healthy honey but instead 
consumed toxic honey. Barton also said how he had been told that boiling and 
straining poisonous honey could remove toxins and make it safe to consume (20). 
Interestingly, recent studies have shown that grayanotoxin is thermosensitive 
(21,22).

The British geologist William J. Hamilton mentions mad honey produced 
in Trabzon in his published study on Armenia and Anatolia from 1831 to 
1835. He states how Trabzon honey has the same intoxicating characteristics 
as mentioned by Xenophon and Strabo. He goes on to describe the honey, 
remarking on its known bitter flavour. After speaking with locals, he learned 
that the poisonous honey is produced by bees that feed on the yellow-flowered 
Rhododendron growing abundantly in the hills of the region. In his writing, 
Hamilton goes on to compare the information he obtained during his study 
with the information gathered by Pliny. Pliny had said that the poisonous honey 
was collected from the Rhododendron flower that grows widely in the hills. 
Hamilton, on the other hand, claimed that the poisonous honey came from the 
bees feeding on the scented Azalea, rather than the Rhododendron. Hamilton 
had noted how the Azalea grows along the entire Trabzon coast as well as in 
other regions where the poisonous honey was produced but on further reflection 
felt that Pliny was verified in his claim that the Rhododendron was responsible 
(23). Later evidence and research showed that the main source of mad honey is 
Rhodedendron ponticum and Rhodedendron luteum (24). 

As indicated previously, cases of mad honey poisoning have also occurred 
in North America. Dr. I. B. Coleman gave a lecture to the Burlington County 
Medical Society on October 19, 1852, about a case of his in which 14 individuals 
were affected by poisoning from honey, with the subsequent death of one of them. 
Dr. Coleman stated that some regions were more likely to produce the poisonous 
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variety of honey than others. He was also keen to emphasize, however, that 
mistakes could be made and that even in regions where honey was generally 
harmless, there was always a risk that poisonous honey could be consumed with 
disastrous consequences.  

In his report, Dr. Coleman discusses the effects of mad honey poisoning on 
14 individuals, consisting of adult women and children who consumed honey 
freshly cultivated from the forest. One individual died and six individuals were 
severely affected with the remaining individuals exhibiting few to no symptoms. 
Dr. Coleman had to travel 10 miles to get to the individuals requiring medical 
attention. In preparation he brought with him silk, zinc sulphate, mustard, ether, 
brandy, ammonium carbonate, and olive oil. Upon examination of the patients, 
he found that symptoms included excessive sweating, heartburn and dermatitis, 
shivering, chill, muscle fatigue, nausea, vertigo, delirium, hallucination, a strong 
desire to sleep, a slow and weak heartbeat and complaints about epigastric and 
colic pain. As part of his medical intervention, Dr. Coleman had his patients 
ingest salt water in order to make them vomit. He felt that those individuals who 
were able to vomit felt significantly better and were able to find some relief. He 
also gave olive oil to those who complained of stomach-ache and heartburn. He 
detailed how fatigue, a strong desire to sleep and irregular muscle movements 
had all dissipated within one to three days although the individuals severely 
affected continued to suffer with warped perceptions, including the feeling of 
lost time.

Dr. Coleman noted how the individuals had eaten honeycomb 
indiscriminately. Interestingly, the individual who did not survive the poisoning 
apparently only ate moderate amounts of honey in comparison to the others. 
Since those individuals who had consumed more honey were able to survive, 
Dr. Coleman concluded that the effects of the poison were not dependent on 
the amount ingested. It could also depend, according to him, on how much 
honeycomb was also consumed as certain parts of the honeycomb might have 
higher concentrations of toxins. He also suggested that as the honey was digested 
toxic effects would begin to clear. In any case, it is still unclear, in regards to this 
particular incident of the poisoning of 14 individuals, whether the honey or the 
honeycomb was specifically to blame.

According to Coleman’s report, a type of vaccinium known as 
Kalmia latifolia (Ericaceae) and the poisonous teapot was common. Rhus-
toxicodendron (Anacardiaceae) was not so abundant. In his report, Coleman 
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also gave information on the physical properties of the honey that caused the 
poisoning. The toxic honey was clearer in colour, apparently tasted good and 
was a product of that season (25). Dr. Coleman’s case is certainly typical of mad 
honey poisoning. The fact that the honey was taken from honeycomb in pine 
trees does not necessarily mean that it was pine honey. Plants of the Ericaceae 
family growing in the region are viewed as a source of mad honey poisoning. No 
current literature data showing pine honey to be toxic has been found.

In his work System of Botany, British botanist Dr. Lindley reported that 
Rhododendron ponticum and the honey produced from the nectar collected from 
these flowers were poisonous. Dr. Lindley also said that the honey Xenophon’s 
soldiers ate was produced from Azalea pontica (26).

There are also accounts of animals being killed by inadvertent honey 
poisonings. One account in the Agricultural Gazette details how a Mr. Webber 
claimed to have lost sheep who were poisoned after eating from Rhododendrons. 
Alex Nesbitt wrote a response to The Gardeners’ Chronicle journal in which 
he suggested that there was not enough evidence to assume poisoning. He had 
observed a number of sheep eating the Rhododendron ponticum, or a hybrid of 
the plant, and noticed that while the sheep did not eat a lot they did not seem to 
develop any negative physical effects. Nesbitt suggested, contrary to Dr. Lindley, 
that the poison affecting Xenophon’s soldiers was more likely to originate from 
Oleander and attributed his claim to the fact that Oleander flowers were far more 
similar to roses than Azalea flowers and were also far more poisonous (27).

C.Wolley Dod, who participated in the debate started by Alex Nesbitt, wrote
up his opinion in the same journal on the issue of Rhodendron species being 
poisonous or not. He said after extensive research that he had found no direct 
evidence indicating that any part of Rhododendron ponticum was poisonous. 
Furthermore, he had travelled throughout many regions where Rhododendron 
bushes grew and reports of poisoning after consuming honey abounded. He did 
not, however, encounter any cases of poisoning himself. He pointed out that the 
leaves of Rhododendron often induce nausea in most animals but that he could 
not verify the toxicity of the plant. 

According to C. Wolley Dod, Rhododendron ponticum could have been 
mixed with Azalea pontica, whose poisonous properties were already well 
known. This plant is abundant on the northern and southern coasts of the Black 
Sea, in the north of Pontus, and the coastal regions of Trabzon including the 
western side of Caucasia. According to C. Wolley Dod, it would be reasonable 
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to assume that the source of the poison in the honey was Azalea pontica, which 
is abundant in this region (28).

Henry Clarke also participated in the discussion in The Gardeners’ Chronicle 
journal on whether or not the species of Rhododendron plants are poisonous. In 
his writing, Henry Clarke described how in London, in Syndale Park, at the 
beginning of the 1800s during a period of heavy rains, he had observed a flock 
of sheep grazing. These 40 sheep were grazing on grassland with Rhododendron 
plants, the majority of which were ponticum. According to Mr. Clarke, eight of 
these sheep were found dead the next morning and approximately two-thirds 
of the animals were affected adversely. When the stomachs of the deceased 
sheep were examined, it became clear that the cause of death was from the 
Rhododendron plant (29).

HJ Ross prepared a response to the question of whether or not 
Rhododendrons were poisonous and presented it in the same issue. According to 
HJ Ross, Rhododendron ponticum and Azalea pontica were found on the southern 
coast of the Black Sea, but Oleander did not grow there. Rhododendrons had 
little to no odour while Azaleas had a strong and sweet smell. In the spring, the 
hillsides were covered with golden yellow flowers, and the beautiful fragrance 
lay heavy on the air. The locals believed that the poisonous honey, known as 
“mad honey”, was produced from the nectar collected from the Azalea. When 
mad honey was consumed it could cause vertigo, vomiting, and fatigue. After a 
few hours, the effects passed, and the person recovered fully. In fact, this mad 
honey was often used in cooking, especially as a sugar substitute and in the 
preservation of fruit as it was significantly cheaper than regular sugar. The locals 
revealed how the high temperature of the fires effectively vaporised any toxic 
compounds in the honey making it safe to consume. HJ Ross said that he did 
not know if Rhododendron was also poisonous but that most people believed it 
to be (30). There is not enough information in the current established literature 
regarding the complete detoxification of mad honey via heating (22).

In Philadelphia, honey that was collected in the autumn and winter months 
during the year 1790 caused some deaths and this led the American government 
to order an investigation into the case. The investigation revealed that the toxic 
honey came from the Kalmia latifolia flowers. Dr. Barton specifically identified 
the sources as plants from the genera Kalmia, Azalea and Rhododendron species 
as well as other species of Andromeda. He noted that toxic honey was rarely 
fatal for humans although he was aware of a case in New York where two 
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people had died after consuming wild honey, believed to be collected from the 
abundant laurel flowers growing in the region. Considering the information we 
have available to us today it is highly likely that the honey consumed in this case 
was also mad honey (20). 

The English naturalist Mouffet (1553–1604) employed a romantic tone 
when suggesting that there must be an important reason for mother nature to 
create such a delectable treat as honey but then temper it with the addition of 
poison. Mouffet believed that this duality would encourage people to identify 
antidotes to unhealthy substances and to generally seek out safe plants. He 
theorized that mother nature’s purpose in creating such duality, roses wrapped 
in thorns, bees with the power to sting and delicious and yet toxic honey, was a 
way of maintaining balance (31).

As we have seen, while there is a general consensus amongst these writers 
that certain types of honey can be poisonous, the plant always responsible for 
the toxins remains less clear. Since the late 1880s, scientists have been working 
to identify the toxins in these types of plants. In 1882, Eykman isolated the 
toxic compound from Andromeda Japonica. Eykman named this compound 
“Acebotoxin” (32). During the same time period, Plugge probably isolated the 
same compound from a few species of Andromeda and other members of the 
Ericaceae family. Plugge named this compound “Andromedatoxin” (33). 

Plugge investigated whether the Andromeda Japonica Thunberg plant 
of the Ericaceae family contained Andromedatoxin. According to information 
that Plugge received from the Japanese authorities, this plant was poisonous to 
molluscs, insects, and especially horses. Horses and cows eating the leaves of 
the plant could lose consciousness and die. The Japanese also reported incidents 
of young children having accidentally ingested the plant and then dying. This 
is because of the presence of grayanotoxin in the flowers and leaves of these 
plants, as well as in the honey, which is produced from the plants belonging 
to the Ericaceae family. Plugge studied the toxicity of this plant on rabbits 
and frogs by obtaining extracts from the Andromeda Japonica Thunberg plant 
with various methods. As a result of his studies, he found that the Andromeda 
Japonica Thunberg species contained Andromedatoxin and had a toxic effect. 
According to his results, Andromedatoxin primarily affects the respiratory 
centre. Acceleration, followed by irregularity, and then the slowing down 
and eventual cessation of respiration are the typical signs of Andromedatoxin 
poisoning. Paralysis and convulsions are other common findings (34).
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In the animal experiment he conducted, Plugge gave fresh pieces of a 
Andromeda polifolia L. plant to a rabbit, which had been left hungry for a half 
day. Plugge, who did not observe any abnormality on the evening of the same 
day, found the rabbit dead the next morning. He determined in examinations 
performed on animals that had ingested the plant that while the intestinal 
veins and gastric and intestinal mucosa were normal, the lungs developed 
mild hyperaemia. With these findings, Plugge concluded that the Andromeda 
polyfolia L. plant was poisonous (35). His findings are consistent with recent 
scientific findings (22).

In one of his experiments, Plugge applied different amounts of honey to frogs 
(Rana temporaria) subcutaneously. In the experiment, respiratory irregularity 
and respiratory arrest were observed following the injections. Results indicated 
that the slightest excess of a dose given in this experiment might lead to fatal 
poisoning. Plugge also used mice to observe the effects of the toxic honey. He 
gave a mouse a piece of bread with 25 mg honey. Plugge observed that while the 
mouse initially showed interest in the meal it soon began to stop consuming the 
bread and honey. A second mouse, that had been starved beforehand, was given 
a larger piece of bread with honey and it was rapidly consumed. Plugge used the 
second mouse as his control sample. Relatively quickly, Plugge began to notice 
the effects of intoxication in the first mouse. The mouse, which was normally 
highly mobile, had lost consciousness. Changes in the respiratory rhythm were 
also observed. He also noted how the mouse made strange head movements 
that were commonly seen in cases of Andromedatoxin poisoning. Occasionally 
the entire body of the mouse shivered. The mouse subsequently recovered (36). 
Plugge also conducted a study review to investigate whether various plant 
species of the Ericaceae family contain Andromedatoxin (37). In all of these 
animal studies we have seen findings confirming the effects of grayanotoxin on 
respiratory and cardiac functions in particular (38,39,40).

In the third edition of the Gleaning in Bee Culture journal (1875) an article 
appeared written by a doctor, who also served as a surgeon during the American 
Civil War in the Confederate army, about honey poisoning. The article warned 
people about the honey being produced from the Mountain Laurel plant in the 
state of Virginia, as it had been found to be extremely poisonous. Symptoms 
included disturbing narcotic effects and could vary in intensity based on the 
amount ingested. 
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The doctor stated that he had encountered the effects of the poisonous 
honey first-hand. He described how he and a group of his friends, while serving 
in the military, consumed some of the poisonous honey. He only ate a small 
amount as its unpleasant taste prevented him from eating more. His comrades in 
arms were able to eat more, and eventually, they all got sick in proportion to the 
amount they had eaten. The doctor remembered experiencing a strange tingling 
in his entire body, blurred vision caused by the dilation of the pupils, dizziness, 
and nausea that didn’t pass by vomiting. The doctor stated that his complaints 
lasted for about an hour, while his friends experienced more severe symptoms 
lasting for two to three hours.

The doctor also wrote about the first time he observed honey poisoning in 
his professional capacity. According to the doctor, in this case, those who ate 
the honey were completely under the influence of the poison, and their manners 
were akin to blind drunk people. The doctor stated that the innervation of all the 
involuntary muscles of the affected people was completely destroyed, verbal 
communication was impaired, there was no ability to rationalise, and they were 
also unaware of their situation. The doctor was able to provide some relief to 
the afflicted individuals through the use of antidotes for narcotics and the effects 
from the toxins passed within two to three days (41).

In his writing published in 1888, John Clough Tresh (1850-1932) detailed 
his studies on Trabzon honey. In his work he recounts how Mr. Holmes gave 
honey samples to him for his study. These samples came from Trabzon, 
famous for its poisonous honey. The honey was derived from the nectar of the 
Ericaceae family, which grows abundantly in the region. JC Tresh states that 
Prof. Plugge determined that some members of the Ericaceae family contained 
the toxic compound, Andromedatoxin, and he too had observed the presence of 
Andromedatoxin in the honey samples he had.

JC Tresh sent some of this Trabzon honey to Dr. Stockman in the hopes 
he could determine the exact toxic substances. Dr. Stockman conducted a series 
of experiments on frogs and rabbits using the Trabzon honey. Stockman’s 
experiments showed that the poison in Trabzon honey was clearly a narcotic 
poison with very distinct effects produced on the respiratory centre, leading to 
possible paralysis in the respiratory centre and even death. Since Dr. Stockman 
used all of the honey extracts during his experiments, he did not have any 
samples left over for further chemical examinations. 
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Dr. Stockman compared the effects of Trabzon honey he observed in the 
frog experiment with the effects of Andromedatoxin on frogs used by Plugge. In 
this comparison, while there were similarities, he observed several differences. 
Both researchers reported that paralysis and respiratory arrest developed 
gradually in their experiments. However, Stockman noted that he did not 
observe the heart being overly affected, the effort to vomit being made, and 
any signs of fibrillary muscle twitching. According to JC Tresh, Stockman’s 
results were similar to those of Eykman on the effects of asebotoxin on rabbits. 
Respiratory arrest-related death and gradually deepening paralysis were the 
common findings. It was not possible for Dr. Stockman to undertake a closer 
comparison because he could not access Eykman’s original results (42). The 
findings obtained from these studies are consistent with those obtained from 
current studies (38). 

In his writing, JC Thresh stated that many different possible sources for 
the poisonous honey exist, including the Azalea pontica, Rhododendron species, 
Andromeda, Nerium, Oleander, and Datura Stramonium. Thresh felt it was not 
possible for Datura Stramonium to be the source of the poison because it had 
no trace of alkaloids and no dilation of the pupils occurred after administration. 
If the toxic agent came from Oleander, it would be expected to be cardio toxic. 
However, there was little to no effect on the heart. Tresh concluded that the 
studies of the chemical properties of Trabzon honey had been too limited but 
that the poison most likely did not come from the Neriin, Oleandrin, Neriantin, 
or Neriodorin varieties based on the findings obtained (42).

Azalea, Rhododendron, and Andromeda plants all belong to the Ericaceae 
family. Plugge, Eykman, and Zayer all stated that toxic compounds found in 
poisonous Ericaceae varities were compounds very similar to Andromedatoxin 
or Andromedatoxin. Tresh stated that asebotoxin, as referred to by Eykman, 
was identical to Andromedatoxin, as referred to by Plugge. He also found that 
the effects felt from the poison in Trabzon honey, as observed by Stockman, 
were strikingly similar to those of the toxic compounds mentioned above. 
According to Tresh, this meant that the poison in Trabzon honey could be from 
Ericaceae plants. Due to being the most fragrant and the most abundant of these 
plants, Azalea was likely to be the true source of the poison (42). Asebotoxin, 
Andromedatoxin, grayanotoxin are all names that have been assigned to the 
toxin at one point or another. Currently, only the name grayanotoxin is officially 
used (22).
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In his notes about his Himalaya tour, Sir Joseph Dalton Hooker, who was 
considered one of the important English botanists and explorers of the nineteenth 
century, recounts his experience with the Rhododendron Arboreum, which 
grew abundantly in the valleys. He details how he observed wasps, resembling 
gigantic bats, living amongst the rocks in the narrow parts of the valley. He 
assumed that the honey obtained from these nests might be poisonous if the 
nectar had been cultivated from Rhododendron flowers. He also pointed out 
how the honey, which was usually high in demand, was not favoured by the 
locals during the spring months (43).

The German chemist and pharmacist Lyman Frederic Kebler (1863-1955) 
wrote a compilation regarding historical information on events suspected to 
involve poisonous honey, including recorded poisoning cases and the possible 
sources of the poison. Kebler begins by stating that the honey produced by the 
bees feeding from the plants belonging to the Ericaceae family was known to 
have narcotic and irritating effects and could lead to symptoms of dizziness, 
nausea, and vomiting for many years. In the later parts of his compilation, 
Kebler indicated that the poisonous honey was most likely from the Anatolian 
region but also noted how cases of poisoning had been observed in the United 
States of America.

Kebler, however, had little hard data to go on as no records of where or 
how the honey had been produced, in Ameirca, existed nor were there very 
many detailed accounts of individuals that had been intoxicated. He includes an 
anecdote in his compilation detailing a doctor who treated people affected by mad 
honey poisoning after breakfasting together one morning. Those who consumed 
honey were affected while those who did not experienced no adverse physical 
reactions. Mr. and Mrs. Chambers, who reportedly ate a small amount of the 
honey, noticed a strange, tangy, and burning taste almost immediately. Nausea, 
stomachache, and vomiting were all present. Mrs. Chambers also experienced 
excessive chills, slowing of the heart rate and unconsciousness all within 15 to 
20 minutes of consumption. While the doctor, who had been summoned, was 
attending to her, her husband also begin to exhibit signs of pain and nausea. He 
then suddenly collapsed, exclaiming that he could no longer see. In both cases, 
all of the following symptoms were present: activated gag-reflex, vomiting, 
acute gastric pain, abdominal pain, hours of cramping, cold skin, inability to feel 
warm, paleness, and general symptoms of circulatory failure. From the wrist of 
Mr. Chambers, whose heart sounds were extremely weak and irregular for two 
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hours, a pulse couldn’t be taken. Mrs. Chambers’ heart sounds were weak and 
irregular, but her pulse did not disappear completely though it was reportedly 
difficult to hear her heart rate well for about an hour. Mrs. Chambers returned 
to conscience after about three hours with the aid of restoratives. Her husband, 
however, took approximately nineteen hours to return to full consciousness. 
Even though he was speaking to the nurse and doctor throughout the night he 
apparently had no memory of what had been said or indeed taken place.  The 
doctor utilized brandy, hot drinks, sinapism, hot applications, subcutaneous 
morphine, and digitals until the symptoms disappeared and he determined 
the patients were able to rest comfortably. The remains of the honey served 
at breakfast were examined but according to Kebler no alkaloids or inorganic 
poison was found. It should be noted that blurred vision, or diplopia, and 
bradycardia are atypical mad honey poisoning findings.

In his compilation, Kebler discusses the plants that may be responsible as 
the source of the poisonous honey. According to Kebler, some scientists reported 
that the nectar of Andromeda Mariana, Azalea, and Kalmia latifolia plants, all 
from the Ericaceae family, were the source of the poisonous honey. Some plants 
that were not from the Ericaceae family, however, were also suspected. Honey 
poisoning cases resulting from Aconite Lycoctonum and A. Napellus belonging 
to the Ranunculaceae family had also been reported though some researchers 
called this into question due to bees not having long enough tongues to cultivate 
the nectar from these particular varities. 

Kebler observed that when the poison in the honey was in its alkaloid 
form, known as gelsemine, it was easy to understand that the bees that produced 
this honey had collected the nectar from narcotic plants. However, some experts 
claimed that if these small creatures collected and stored poison, they, too, 
would inevitably die. Kebler suggested that it would depend on how much of 
the nectar the bees were cultivating. He supposed that if their hives were built 
in areas that had been meticulously chosen and not near to abundant Ericaceae, 
then they might not be as affected (44).

In 1896, in an issue of the Gleaning in Bee Culture journal, a doctor 
recounts his findings on the subject of mad honey. He observed and treated 
many patients who had been affected by toxic honey though thankfully had lost 
none. The doctor thought it quite possible that individual digestive systems could 
metabolize honey differently, making it more dangerous for some while less for 
others. He was already aware that many of his patients could not tolerate onions 
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or eggs due to digestive sensitivities and he postulated that individuals who ate 
poisonous honey could also be affected differently according to their digestion. 
On the other hand, it should have been focused on whether doctors could 
correctly detect the honey poisoning cases (45). In this text, it was mentioned 
that some individuals aren’t affected or are less affected from poisonous honey. 
However there is no scientific evidence that support this claim.

Reports of honey poisoning have also been documented in Texas, California, 
New Jersey and North Carolina. As a direct result of people becoming ill, experts 
set about looking for the source of the poisonous honey. Experts have named a 
number of possible species as being possible sources including, Kalmia Latifolia, 
Kalmia angustifolia, the horse chestnut, the Judas tree, and the honey locust tree 
(46). It should be noted, however, that within the United States, there is no study 
from this time period that directly confirms the source of the honey poisonings. 

In his writing for an article for the A B C of Bee Culture journal, a 
comprehensive source for those interested in apiculture, AI. Root stated that 
there were two types of poisonous honey. Honey containing poison could 
affect humans and yet be harmless to bees, or be poisonous to both humans and 
bees. In the latter case, it is likely that incidents of honey poisoning would be 
extremely low, as the bees themselves would die before being able to produce 
abundant honey that in turn could be cultivated. Root stated that there was a 
high probability that the honey, which was collected from many regions in the 
southern states of the United States of America, led to intoxication and severe 
illness. AI. Root also stated that in some cases, poisoning developed very 
suddenly and severely (47).

Historical records show that mountain laurel (K. latifolia) is known in 
different parts of the world as a source of poisonous honey. This plant, also 
known as a conifer shrub or a spoon tree, is commonly referred to as poison 
ivy in America. This shrub species grows abundantly at high altitudes ranging 
from New England and southern Ontario to more southern climes, including the 
Gulf States (48). The relationship between the toxin in these plants and honey 
poisoning, however, is currently not clear.

Research on the toxic compound Andromedatoxin, which was first 
discovered by Eykman in 1882, and also known as ‘Asebotoxin’, accelerated 
in the 1900s. Archangelsky (1901) reported that Andromedatoxin stopped frogs 
hearts in the systolic phase, an effect similar to that of curare-type drugs on 
motor nerves and on the heartbeat of digitals (49).
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Hardikar published a report on Rhododendron poisoning in 1921 based 
on the results of a series of experimental studies examining the effects of 
Andromedatoxin on animals. According to that report, Andromedatoxin was 
the active compound of Rhododendron and directly affected the N. vagus 
endpoint. The result of this interaction was first stimulation and then paralysis. 
The most obvious effects of this interaction were short-term respiratory 
inhibition, changes in respiratory motility and the slowing of respiration. 
Partially induced afferent fibres and partial N. vagus arousal led to asthma-type 
dyspnoea due to bronchial muscle spasms. An increase in bronchial secretions 
was also observed. Following a slowing heartbeat and falling blood pressure, 
there was then an increase in both. The intestines were also found to have 
repeatedly purged. Andromedatoxin paralysed motor nerve endings in striated 
muscles. When paralysis developed, the muscles and the nerves became easily 
tired, but again reacted to stimulation after rest. Depending on the intensity of 
concentration, the muscles might permanently lose their stimulability. Fatigue 
was seen earlier and more clearly in muscles and nerves that continuously 
move, especially the phrenic nerve and the diaphragm (50). Current studies 
support these findings (38).

According to the statements of the Hardikar, death occurs from 
Andromedatoxin in the following two ways: at high doses, death occurs 
rapidly, and as a result of the direct involvement of the heart, the ventricles 
stop in the diastole or in the partial systole; at low doses, death occurs due to 
respiratory failure caused by paralysis of either the phrenic nerve or more often 
the diaphragm. There is a narcotic effect in the upper brain centres. The spinal 
cord is not affected. Andromedatoxin causes arrhythmia in the conductive tissue 
between the atrium and the ventricle, either causing a depressant effect on the 
heart block or causing the ventricle to stimulate itself. The time required for the 
ventricular diastole increases and the diastole cannot be completed (50).

In the book Origins and History of All Pharmacopeial Vegetable Drugs, 
Chemicals and Preparations (1921), the author notes how some honeys obtained 
from wild jasmine and poppy flowers (known as ‘mad honey’) had varied drug 
effects and were never used in medicine. According to the information given 
in the book, during the flowering season of the opium poppy, bees made honey 
with narcotic properties known as ‘Mad Honey’. Those who consumed this 
honey roamed around without purpose, spoke incoherently and looked crazy. It 
was not hypnogenetic and apparently had quite different qualities than those of 
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morphine (51). In this source, unlike the others we have looked at, the opium 
flower, which does not contain grayanotoxin, is most likely the source in the 
case of honey poisoning. 

The nectar of many different types of plants can be toxic to humans if 
consumed. Some of these plants are Kalmia latifolia, tobacco (Nicotiana 
tabacum), yellow jasmine (Gelsemium sempervirens), sweet pepper (Clethra 
alnifolia) and Rhododendron. It is important to keep in mind, however, that the 
rates at which poisonous honey is produced is not well known. The mountain 
laurel, yellow jasmine and Rhododendron species are abundant in the lower 
parts of the Appalachian Mountains (a mountain range located in the eastern 
part of North America) and there are more bees in this area than anywhere else 
in the United States. Of course, bees collect a lot of nectar from these plants, 
and if all the honey obtained from these sources is poisonous, there should be 
an annual outbreak of poisoning in that area, which is not always seen. It is also 
safe to assume that if a plant is suspected of being poisonous, after a number of 
people have fallen ill from its consumption, locals would be well aware of this 
information but this is also not the case. Instead there are unverified claims and 
rumours about the sources of poisonous honey and how many it has affected. Of 
course, it is important to consider, as we have discussed previously, the potential 
differences in the systems of individuals who consume toxic honey. There might 
be those who have hypersensitivity to it and this could explain why some are 
affected more strongly than others. Generally speaking, most people do not 
have difficulty digesting honey though there are cases where the consumption 
of heavy dark syrup can cause severe stomach-ache. Until physiologists reach 
a consensus on this issue of individual differences, however, it would be best 
not to overly speculate. Though it is the common consensus that honey should 
not be classified as toxic just because it may cause physical discomfort in 
susceptible individuals (52). The plants from the Ericaceae family are more 
likely to contain grayanotoxin. This means that there is always a possibility 
that the honey produced by the bees feeding on the nectar of these plants could 
be poisonous. Various factors would have to be taken into account regarding 
the chances of honey being toxic, including the proportion of plants from the 
Ericaceae family fed on by the bees compared to other plants used for feeding, 
whether or not the flowering period is rainy, how the honey is processed, etc 
(21, 22). The reality is that it is still not always clear which plants are toxic and 
in which situations.
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A literature search reveals that frequent cases of poisoning from honey 
produced in spring and summer have been reported in the mountainous parts of 
central and northern Japan. This poisonous honey is said to be clear in colour 
and have no odour but that it can cause coughing and stomach discomfort when 
a spoonful is taken. It has been observed that the severity of the poisoning cases 
experienced in this area changes depending on the individual affected and the 
amount of honey consumed. Primary symptoms include retching, vomiting 
(though rarely diarrhoea), headache, palpitations and the relaxation of voluntary 
muscles. When the honey is extremely toxic, it can cause ataxia, weakening of 
the heartbeat, cold in the extremities, slight spasms, dilation of the pupils and 
an increase in deep tendon reflexes. Reports from Japan indicate that patients 
usually within a few hours or days that no fatal case has been recorded as of 
yet. Findings such as bradycardia and cold in the extremeties, seen in the cases 
discussed here, are typical of mad honey poisoning.

Japanese scientists investigating toxic honey cultivated from the Sado 
Island have determined that the minimum lethal dose, from their sample, was 
3.5 mg/kg of body weight for a rabbit and 20 mg for a mouse when given via 
subcutaneous injection. The symptoms observed in poisoned mice included 
restlessness, efforts made to vomit, increased salivation and partial paralysis, 
sometimes resulting in death.

The studies undertaken in Japan did not reveal the exact source of the 
toxic honey. Beginning in the 1920s, several poisonous substances have been 
associated with honey and linked back to nectar from certain plants including, 
Tripetaleia paniculata and Hotsutsuj. These plants can be found over several 
regions of Japan including Naganoike, Iwateken, and Sado Island in Niigataken. 
Moreover, the Ericaceae grows very well in the more hilly parts of the country. 
According to the same researchers, the following data can help show these 
plants as sources of poisonous honey.  The honey is produced from the early 
summer to autumn, as this is the time when the plants are flowering. Those areas 
where more poison cases are reported generally have a greater proportion of 
these types of plants growing. 

The aforementioned plant, whose trichotomous-shaped pollen, grains 
measuring about 40 μ in diameter, are found only on Sado Island and Iwakaten. 
The production of toxic honey in short time intervals in the same region is 
compatible with the short-term blooming of shrubs (tripetala shrubs). The 
poison, absorbed by carbonised organic animal tissues, can be isolated in almost 
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pure form using alcohol. At least two toxic substances have been identified in the 
honey. These substances are also found in alcoholic extracts from the flowers and 
leaves of Tripetaleia. The poison cannot be removed even after boiling at 100°C 
for one hour. There is also no trace of nitrogen in the poisonous components of 
the honey though this does not mean it cannot be inferred that the source of the 
poison comes from flowers that bloom in the summer and that contain alkaloids 
as poisonous substances, such as wolfberry and datura. Toxic honey is produced 
only in the summer, and in this manner, beekeepers can collect the honey just 
before or after the spring or autumn season to try and avoid any issues (53).

The German botanist Professor Dr Kurt Krause (1883–1963) travelled 
to Anatolia with the purpose of studying Anatolian flora. He published an 
article in the Science News-Letter magazine in 1927, in which he states that 
the poisonous honey, which attracted attention during the ancient Greek era, is 
produced in Anatolia and has the same effects on individuals who consume it, 
as it did on those in ancient times. Dr Krause further details the effects of honey 
poisoning. He observed that intoxication produced “crazy” behaviour, caused 
dizziness, occasional short-term loss of consciousness and a deep fatigue. He 
could not directly confirm the source of the poison but he strongly suspected two 
Rhododendron species (54).

G. Mosolevsky, in his article that was published in Bee World magazine in
1929, stated that honey known for its toxic elements was commonly found in the 
vicinity of the Black Sea and Caspian Sea regions. Mosolevsky indicated that 
honey poisoning in some regions of the Caucasus started when the honeycomb 
itself, and not just the honey, were directly consumed. He went on to state that 
the honey was generally known to be poisonous around the same time every 
year and that toxins were more evident in drier seasons than in rainy seasons. 
The article also stated that the initial symptoms usually appeared 3 or 4 hours 
after the honey was consumed and that death was more likely to occur in 
children (55). Current information on cases of honey poisonings does suggest 
that more poisonings tend to happen during the dry season. Findings, however, 
usually only come within the first hour which make them limited in their scope. 
Moreover, there is no scientific data on the deaths of children due to mad honey 
poisoning (22). 

Honey poisoning cases that are alleged to originate from Rhododendron 
species have been reported from all over the world. A case was recorded by 
Kingdon Ward (1937) in the village of Tahawndam in Upper Burma. In early 
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May, honey that was used by a chef affected two people, causing one of them 
to suddenly faint. The symptoms lasted for a short time and, as we have seen 
before in other accounts, resembled acute alcohol poisoning. It was believed 
that the honey was collected from a local Rhododendron species. This incident 
would indicate that Rhododendron species other than R. ponticum also produce 
toxic nectars (56). 

In the Caucasus, near Batum, Azalea and Rhododendron species grow 
widely in the forest. Honey producers in the region do not use the honey 
collected from these plants during the spring months. The honey obtained is not 
always toxic and enough varying accounts exist about suspected poisonings that 
it can be difficult to determine what is accurate. Locals in the Batum region have 
suggested that the bees, accidentally mashed into the honey, are the culprits for 
any adverse physical effects. Nevertheless, since bee poison is easily destroyed 
by saliva and the stomach can ferment large quantities of bee poison, these 
claims lack support (57).

R. ponticum has been culturally and indigenously cultivated in other
countries, including the English islands. This plant is suspected as being the 
source of poisonous honey in several incidents that have occurred in England.  
Honeybees in the UK do not normally visit R. ponticum flowers for nectar and 
wild bees more frequently visit this plant probably because they can reach 
the nectar more easily via their long tongues. Honeybees can only collect 
a certain amount of nectar from this plant. According to Herrod Hempsall, 
who analysed honey specimens reportedly derived from Rhododendron 
plants located in Cobham and Kent, noted how every person who consumed 
said honey found it to have emetic properties. In another example, in 
Camberley, Surrey, a well-known beekeeper noted that poisoning occurred 
after consuming fresh honeycomb and honey during breakfast though not all 
the family members who consumed the honey were affected.  The beekeeper 
postulated that only certain portions of the honeycomb must contain toxins. 
Another Rhododendron poisoning case in the UK, recorded by a doctor in 
Nottinghamshire, occurred when children ate from a wild beehive and then 
experienced vomiting and abdominal pain. It is theoretically possible that 
only some parts of the honeycomb are filled with honey containing toxins. 
Moreover, the claim that wild bees are more successful at feeding on the 
nectar from this type of species, in comparison to honeybees, has been 
observed previously (58). 
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In North America, plant species such as mountain laurel, yellow jasmine, 
Pieris, Andromeda and Leucothoe are all believed to be sources of toxic honey. 
In the eastern parts of the United States where K. latifolia is common, beekeepers 
and farmers will first test their harvested honey on dogs. If no adverse physical 
reactions are observed then it is usually considered safe for the families of the 
farmers to consume the honey. As we have observed in other geographical areas, 
honey is generally thought to be poisonous and harmful only when it is eaten 
in its unripe state. Moreover, locals in this region tend to claim that the honey 
loses its harmful properties when it is neatly capped and matured, including 
Rhododendron honey although this is not always a sure-fire method of preventing 
poisonings (58). Indeed, more recent research shows that the concentrations of 
GTXs didnot significantly decrease with storage of six months (59).

There is a consensus in the literature that the Andromeda, Rhododendron 
and Kalmia species contain active physiological compounds. However, 
in terms of the identification of the isolated active agents, the differences 
are striking. Moran et al. (1954) investigated Andromedatoxin, a nitrogen-
free, neutral, crystalline substance from Rhododendron maximum, and 
reported that intravenous infusion of Andromedatoxin causes bradycardia, 
hypotension and respiratory depression (60). Hypotension and bradycardia 
are typical for mad honey poisoning. Atropine is highly effective in mad 
honey treatment (22). 

5. Conclusion
When examining the old records on the mad honey topic, it is seen that this 
delicious and healing food being leading to poisoning occasionally has been 
curiously researched throughout history. While Xenophon described the 
findings of mad honey poisoning by likening drunkenness, Strabo notes the first 
information on the history about the use of mad honey as a biological weapon. 
Pliny mentioned that the Rhododendron plant could be the source of mad honey 
and that mad honeyMorover was used for therapeutic purposes. Frederic Kebler 
revealed that plants from the Ericaceae family could be the source of poison and 
compiled what is known about crazy honey, and poisoning cases. In the following 
years, the poisoning compound was identified and named as “Aromethotoxin” 
by Eykman and “Andromedatoxin” by Plugge. Today, the compound that gives 
honey poisoning property is called “Grayanotoxin”. With the momentum gained 
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by the developing technology, scientific studies on the effects and properties of 
grayanotoxin are underway and followed with increasing interest.
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1. Introduction

The ideal temperature for the continuation of life in the world is 
provided by the absorption of the rays reflected from the earth’s 
surface by greenhouse gases naturally found in the atmosphere such 

as carbon dioxide (CO2), methane (CH₄), and nitrous oxide (N2O). This effect 
is called the greenhouse effect. The increase in greenhouse gases causes 
more heat to be absorbed and consequently more warming of the earth. As a 
result of anthropogenic (human-induced) activities such as industrialization 
and the use of fossil fuels, the increase in greenhouse gases, especially CO2, 
enhances the “greenhouse effect” and leads to global warming and climate 
change (1).

“Climate change ”refers to the change observed in climatic characteristics 
such as precipitation, temperature, wind, and climate norms over a long period 
of time (2). According to the World Health Organization (WHO), climate 
change is “a statistically significant variation in the average state or variability 
of climate that lasts for a long time (typically decades or more) (3). The United 
Nations Framework Convention on Climate Change (UNFCCC) on the other 
hand, defines it as climate change that alters the composition of the global 
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atmosphere in addition to natural variability and is observed across comparable 
time periods, directly or indirectly attributed to human activities (4). 

Having short, medium, and long term effects and unknown consequences 
on the ecosystem, the impact of climate change varies from local to the global 
scale. The effects of the precipitation regime and the increase in temperatures 
cause drought in some parts of the world and floods in coastal ocean regions 
(5). Although global warming brings some local benefits, such as decrease in 
the number of deaths due to cold in winter in the temperate climate zone and an 
increase in food production in certain regions, the changing climate has many 
negative effects on overall health (6). As a matter of fact, it causes insufficiency 
in many social and environmental determinants of health such as clean air and 
drinking water, adequate food, and safe shelter. More importantly, climate change 
poses a serious threat to humanity by causing many natural disasters as a result 
of extreme temperatures and changes in the precipitation regime (3). Disasters 
become more severe and frequent with climate change draws attention to the 
role of medical discipline in disaster management and increases the importance 
of disaster medicine (7).

2. Climate change
Factors that can cause climate change vary. It is possible to divide these factors 
into two main categories as natural processes and human-induced factors. Natural 
processes that lead to climate change include the hydrological cycle between the 
atmosphere, ocean, and land, the intensity of solar radiation reaching the earth, 
the earth’s magnetic axis tilt, and the ongoing slow change in its orbit.  Human-
induced factors can be listed as human activities that change the composition of 
the atmosphere (use of fossil fuels, etc.) and the land surface (deforestation, etc.). 
The geological records contain evidence related to large-scale climate changes 
in the past due to natural processes (1). However, detailed analysis shows that 
more than 90% of climate change, the impact of which is rapidly evident today, 
is caused by global warming due to the increase in greenhouse gas emissions 
produced as a result of human activities such as forest destruction and burning 
of fossil fuels (8).

Global warming is the increase in the average temperature of the 
troposphere, the atmospheric layer closest to the earth’s surface, at a level that 
can cause changes in global climate models. Global warming started in the late 
19th century with the industrial revolution.  After this period, the excessive use 
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of fossil fuels increased the concentration of CO2 in the atmosphere by more 
than 40%, and more than half of this increase occurred after 1970 (9). According 
to the 2019 Global Climate Summary of the National Oceanic and Atmospheric 
Administration (NOAA), land and ocean temperatures have increased by an 
average of 0.07 ° C (0.13 ° F) per decade since 1880; and after 1981, the said 
average temperature increase was 0.18 ° C (0.32 ° F) (10,11). 

The rise in the average temperature of the atmosphere and oceans causes 
the arctic glaciers to melt, the snow cover to decrease, the sea level to rise, the 
heat waves to become more frequent, and change of precipitation regimes (12). 
In this process where climate characteristics are directly affected, the occurrence 
frequency and severity of climate-related natural disasters are also affected 
(13). According to the United Nations Office for Disaster and Risk Reduction 
(UNDRR) report (2020), climate-related natural disasters such as heatwaves, 
droughts, storms, and floods have increased in numbers and caused more loss of 
life and property damage in the last 20 years (14). 

3. Disaster Medicine
Disaster medicine is a discipline that originates from military medicine. Today, 
there is no internationally accepted definition of disaster medicine. However, 
disaster medicine is considered as a medical discipline that handles and manages 
situations where sudden emerging medical needs arise and the resources required 
to meet these needs are limited (15). Disaster medicine mainly focuses on the 
effects of natural or man-made disasters that endanger human life, resulting in 
injury or death (16). In addition, disaster medicine includes situations defined as 
major incident, when sufficient resources are available to solve the existing crisis, 
but it is difficult to deliver these resources to the right place at the right time. The 
main objective of disaster medicine in both disasters and major incident cases is 
to provide the necessary medical intervention, to minimize deaths, and to reduce 
the risk of both long and short term complications (7). 

Disasters cause various injuries and diseases depending on the type of 
incident. Earthquakes lead to crush syndrome as a result of being stuck under 
collapsed buildings; storms result in penetrating trauma due to flying debris; 
outbreaks, whether natural or deliberate, can bring about different types of 
bacteria, viruses, and fungal diseases. While many diseases affect a certain age 
group and individuals with various risk factors, disasters can affect all members 
of society. Due to the potential variability in disaster scenarios, disaster medicine 
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specialists should be trained in the many patterns of injuries and diseases that 
can be seen in victims (17-19).  

Disaster medicine defines the roles of health professionals in the general 
disaster preparedness and response system, in addition to making the medical 
role in disasters a specialty. Care responsibility for those injured in a disaster 
has historically been undertaken by emergency healthcare providers (20,21). 
The unpredictable nature of disasters obliges everyone working in emergency 
healthcare field to have the necessary knowledge about disaster medicine and 
the basics of disaster management. On the other hand, in crisis situations, 
healthcare professionals may be required to perform tasks that are outside of 
routine work, including the mass casualty triage, and the health management 
of special communities such as refugees and people affected by disasters. For 
this reason, disaster medicine is very important for all healthcare professionals 
in terms of providing the necessary knowledge, skills, and attitude to ensure 
adequate response in disaster situations (22). 

4. Disasters Associated with Climate Change from the
Disaster Medicine Perspective

4.1. Heathwaves 

According to the World Meteorological Organization, when the daily highest 
temperature is 5°C (9°F) higher or more than the average highest temperature 
of that region for five consecutive days or further, it is called heatwave (23). 
In many parts of the world, there has been a rise in the frequency and intensity 
of heatwaves as climate change results in an increase in the global average 
temperature. The continent of Europe was affected by a severe heatwave during 
the summer of 2003. A total of more than 80,000 additional deaths were recorded 
in twelve European countries in 2003, due to extreme temperatures compared 
to 1998-2002 according to the report by Robine et al (24). Seven years later,  in 
Russia a heatwave occurred causing 55,000 deaths and approximately 15 billion 
dollars in economic losses (25). From the heatwave in 2003, which seriously 
affected Europe, a total of 25 heatwaves occurred in different European countries, 
and 22 in Asian countries until 2020, and a total of 12,834 (Asia: 5804, Europe: 
7030) people died due to heatwaves (26,27).

Heatwaves have many direct and indirect negative effects on human 
health. Exposure to heatwaves causes an increase in body temperature with 
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the influence of ambient temperature and metabolism. An increase in blood 
temperature of less than 1°C activates the peripheral and hypothalamic heat 
receptors and consequently, the hypothalamic thermoregulation center is 
stimulated. The stimulated center initiates two basic responses to lower the high 
temperature: sympathetic cutaneous vasodilation and sweating (28). Despite the 
body’s response, the high heat input from the environment and body metabolism 
compared to the heat released from the skin by radiation, evaporation and 
convection causes the thermoregulation mechanism to be insufficient and, 
consequently, to develop temperature-related diseases. These illnesses range 
from minor syndromes, including heat edema and heat cramps, to heatstroke, a 
life-threatening emergency (Table 1) (17-20,29). 

Among the pathophysiological mechanisms of heat effect on the human 
body are dehydration, increase in blood viscosity, and deterioration in 
endothelial function. In addition, in the case of exposure to high temperatures, the 
cardiovascular system needs to do more to ensure thermoregulation. Therefore, 
heat waves increase the risk of thrombo-embolic diseases and cerebrovascular 
events; can cause chronic lung, heart, and kidney diseases to worsen (30). The 
elderly, babies and those with psychiatric disorders are at more risk of being 
affected by heat waves (31).  

Heatwaves occur more slowly and over a larger area than typhoons, heavy 
rains, heavy snowfalls, and strong winds. While the damage caused by other 
natural disasters is mostly caused by external physical forces such as floods and 
collapses, in heat waves, health problems are mainly caused by exposure to high 
temperatures. Therefore, the damage caused by heat waves is also significantly 
affected by the health status of individuals, their housing and working conditions 
(32). As a result, it seems easier to take effective measures to be protected from 
heatwaves compared to other disasters. Disaster medicine specialists have 
important roles in both the training of healthcare professionals on the subject 
and the planning of preparations for protecting public health (33).

4.2. Drought 

Drought is characterized by a shortage of water resources as a result of below 
average rainfall in a particular region over a long period of time (34). Climate 
change accelerates natural hydrological processes and causes droughts to 
become more intense. This situation has inevitable consequences such as the 
increase of forest fires, the nutritional status of the society, and a decrease in 
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food and water reserves (6). The latest data from EMDAT shows that more than 
28 million people worldwide were affected by drought in 2019 (26).

Table 1. Disasters related to climate change and the health problems they cause 
Climate related 

disasters
Public health effects Diseases / Health problems

Heat waves • Exposure to high ambient
temperature

• Insufficient thermoregulation
mechanism

• Heat stroke
• Temperature rash
• Temperature edema
• Temperature syncope
• Heat cramps
• Heat exhaustion
• Kidney and heart disease

Drought • Water and nutrient deficiencies
• Poor quality of drinking water

• Increase in waterborne diseases
• Increase in vectorial diseases
• Food-borne diseases

• Decrease in the amount and
quality of food produced

• Inadequate hygiene / sanitation
due to reduction in water

• Malnutrition
• Dehydration
• Increase in zoonotic and vectorial

diseases
• Increase in water and food-borne

diseases
• Increase in the amount of dust

suspended in the air due to the
drying of the soil

• Decrease in humidity in the air

• Respiratory diseases (allergic
rhinitis and asthma)

• Acute respiratory infections
(bronchitis, sinusitis and
pneumonia)

• Fungal diseases (mycoses)
• Allergic reactions

• Change in the life cycle of vectors
• Expansion of the breeding

grounds of pathogens

• Poisoning
• Increase in antibiotic resistance
• Increase in infections

• Drought related financial 
problems

• Drought-induced forced 
migration

• Stress / mental health problems
• Behavioral changes such as

aggression and suicide

Storms • Destruction of residential areas
• Failure of medical equipment due

to power outages, heating and
feeding problems

• Taking shelter in crowded groups

• Blunt, penetrating and cutting
traumas,

• Bone fractures
• Sprain / strain
• Increase in infectious diseases
• Poisoning
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Floods • Exposure to floodwater
• Exposure to chemical agents and

biotoxins
• Drinking water contamination
• Mold and bacteria proliferation

in affected structures
• Failure of medical equipment

due to power outage, heating and
feeding problems

• Taking shelter in crowded groups

• Trauma and injuries
• Infectious diseases transmitted by

water and food
• Hypothermia
• Exacerbation of chronic diseases
• Poisoning
• Mental health issues
• Respiratory diseases
• Allergic diseases
• Increase in infectious diseases
• Insect bites

The reasons such as the fact that the dates when drought starts and ends cannot 
be determined clearly and its effects tend to accumulate over time, making it 
difficult to determine the effects of drought on human health. However, drought 
affects human health by causing nutrient deficiency, airborne and vector-borne 
diseases, water and dust-related diseases, and mental health problems (35). 

The most obvious effect of drought on human health is that it causes nutrient 
deficiency and results in death and disability (36,37). This effect is often indirect 
and complex. The drought disrupts the ecosystem balance, reducing both crops 
and animal sourced food production (38). Indeed, food production is highly 
dependent on water. While at least one liter of water is required to produce a 
one-calorie vegetable food, the production of one-calorie meat or dairy product 
requires ten liters of water (39). Therefore, drought poses a serious danger to 
adequate drinking water and food production. This can lead to a decrease in the 
amount and quality of consumable food and, consequently, to a vulnerability to 
diseases, increasing the risk of death (35). 

Severe drought can adversely affect air quality. During a drought, there 
is an increased risk for forest fires and dust storms (40). Particles suspended in 
the air and dust storms after forest fires can irritate the bronchial passages and 
lungs. This situation can lead to worsening of chronic respiratory diseases and 
may also cause respiratory infections such as bronchitis and pneumonia (41). 

The level decrease in water resources during droughts, the stagnation of 
watercourses such as streams, rivers, and cascades, which increase the salinity 
of freshwater resources; has an effect that enables the pollution of ground 
and surface waters (42). In addition to the water stagnation due to drought, 
temperature higher than normal, causes the proliferation of harmful algae and 
toxin-producing bacteria, and a decrease in dissolved oxygen concentration 
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(43). This situation leads to negative consequences on human health in terms 
of both insufficiency and decrease in quality of drinking water and increase of 
water-borne diseases (42,43).

Insufficiency of water resources during a drought means that more users 
benefit from the same resource. The use of the same resources by animals and 
humans increases the risk of communicable infectious diseases. In addition, 
due to the lack of sufficient water to ensure personal hygiene and the high 
concentration of infectious agents, toxic, chemical and pollutants in the water, 
various water-borne diseases can be encountered frequently during drought 
periods (35).   

Drying of the soil due to drought increases the amount of dust suspended 
in the air. The increase in the amount of dust in the inhaled air can damage the 
respiratory tract through two mechanisms and cause “dust pneumonia”. These 
mechanisms are direct trauma from pathogen transport and inhaled particles. 
Thousands of people lost their lives due to dust pneumonia in severe dust storms 
caused by drought in the United States from 1930 to 1936 (44).  

Climate is one of many variables that affect the frequency of vector-
borne diseases. Drought leads to changes in the life cycle of vectors in various 
aspects such as life span, population number, behavior, distribution, and vector 
pathogen interactions (45). Chase and Knight, for example, found that drought 
reduced mosquito hunters and competitors, leading to an increase in mosquito 
outbreaks (46). In addition, it has been reported that there is an increase in fever, 
malaria, St Louis encephalitis, Schistosomiasis, Rift Valley fever virus, Japanese 
encephalitis, Chikungunya, West Nile virus infection, and tick-borne diseases 
in connection with drought. In addition, the incidence of fungal diseases such 
as coccidioidomycosis, whose spores are aerosolized under drought conditions, 
may increase (35). Drought also has many important negative effects on mental 
health. The main psychosocial effects of droughts include reduced quality of 
life, significant lifestyle changes, depression, anxiety, and post-traumatic stress 
disorder (47). 

4.3. Storms (Cyclones)  

Climate change affects storms in two ways: frequency and strength. Decrease 
in difference between earth surface temperature and atmospheric temperature 
caused by global warming has a reducing effect on storms’ frequency. However, 
the increase in ocean surface temperature makes storms more powerful and 
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destructive in terms of both wind speed and precipitation intensity because 
storms draw energy from ocean surface waters. So it means that the more heat 
energy stored in ocean surface waters, the greater the energy source for storms 
(48,49). 

In the acute phase and due to their devastating effects, storms pose a serious 
threat to human health (50). Storms’ most severe acute effect is death due to 
drowning, electric shock, or physical trauma (51). Storms can also cause a range 
of non-fatal injuries, including blunt traumas, penetrating injuries, lacerations, 
sprains, injuries, motor vehicle accidents, and animal bites (52-54). 

Local or regional power outages may occur after storms as a result of strong 
winds toppling electric poles, wire breakage, or flood disasters caused by storms 
damage electricity infrastructure. Widespread power outages pose a serious threat 
to the living conditions of patients dependent on medical equipment such as 
mechanical ventilators and dialysis devices (55,56). In addition, improper use of 
portable generators, cooking appliances, and equipment operating with various 
fuels in confined spaces due to power outages can result in carbon monoxide 
(CO) poisoning (57). Strong storm winds can also cause water accumulation 
along the coastal line and increase of the water level, and then coastal flooding 
resulting in severe damage and deaths due to the impact of large waves (58).

 4.4. Floods 

Floods causing great social and economic damage are among the most common 
natural disasters in the world (59). Atmospheric warming and related hydrological 
changes; Excessive precipitation, increased rainfall volume, coastal flooding, 
and melting of glaciers lead to an increase in flood disasters that severely damage 
human life and living space (59,60). The frequency of floods due to climate 
change may differ in different parts of the world depending on local climate 
and basin characteristics (61). Floods have many important effects on health, 
ranging from suffocation and injuries in the short term to infectious diseases 
and mental health problems in the long term (62). Drowning is the greatest risk 
of death from flooding. Also, debris moving along with floodwaters can cause 
blunt trauma. Injuries in such cases are similar to bullet injuries and are usually 
in the form of extremity fractures, cuts, and severe bruises. Depending on the 
scale of the flood and the availability of rescue personnel, people may spend 
hours or days in harsh weather. In this process, hypothermia may occur if the 
ambient temperature drops below 15 ° C (63,64). 
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Stagnant water and sediment remaining in flooded areas constitute 
a breeding ground and are a serious source of endotoxins for a variety of 
microorganisms, including airborne and respirable fungi and bacteria. Exposure 
to these microorganisms and endotoxins can increase the incidence of mycotic 
infections, respiratory tract, and allergic diseases by affecting particularly 
sensitive individuals (65). Flood disasters affecting industrial and agricultural 
areas pose a threat of poisoning with various chemicals for the inhabitants of 
the region (66). 

After floods, an increase in food and waterborne infectious diseases can 
ocur (67). This danger is generally the result of sewage leaks mixing into the 
drinking water network due to infrastructure damage. Exposure to contaminated 
floodwater can lead to conjunctivitis, skin and ear, nose and throat infections. 
Stagnant puddles formed after floods become an ideal breeding ground for 
mosquitoes. The growth of the mosquito population in these areas is the cause 
of an increase in mosquito-borne vectorial diseases such as Zika virus, dengue 
fever, West Nile virus, chikungunya virus, and malaria (68). 

The evacuation of local residents after floods can disrupt healthcare services 
and lead to the worsening of chronic diseases. In addition, living together in 
shelters poses a serious risk for infectious diseases to spread. People who are not 
injured during the flood can be injured by being traumatized during evacuation. 
Finally, as in other natural disasters, the worsening of mental problems and 
developing mental health problems such as post-traumatic stress disorder may 
happen after floods (50).  

5. Conclusion
The effects of climate change on natural living conditions are increasingly 
felt. As the global surface temperature increases, more heatwaves emerge, and 
the danger of drought becomes greater. The rise in oceans temperature causes 
stronger storms, and the increase in the amount of evaporating water causes 
excessive rainfall and floods. As a result, climate change increments the frequency 
and severity of climate-related disasters. This situation makes it inevitable that 
healthcare workers will encounter more and more health problems related to 
climate change and disasters, which they rarely encounter in daily practice and 
do not receive adequate training. Health workers, especially emergency response 
teams, should have sufficient training on the basic principles of disaster medicine 
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expertise in order to manage health problems associated with climate change 
and disasters whose frequency increases with climate change. In addition, it 
is very important that disaster medicine expertise is involved in all stages of 
disaster management in order to anticipate health problems that may develop 
due to disasters and to make the necessary preparation. This understanding is 
important in order to respond to disasters in a global sense in coordination.
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1. Introduction

Many diseases that used to be incurable in ancient times can be treated 
now. Extra-ordinary medical developments particularly in the last 
century enabled the treatment of some diseases such as tuberculosis 

and plague which were said to be incurable. Unfortunately, despite mentioned 
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extra-ordinary medical developments, many diseases still remain incurable, 
and the people have to live with these diseases. There is no doubt that one of 
these incurable diseases which the people have to live with is Multiple Sclerosis 
(MS). MS is a serious health problem which affects the brain and spinal cord and 
restricts physical, emotional, social and cognitive functions of the individuals. 
The disease reveals itself as the immune system try to eradicate the myelin 
surrounding the nervous system. Patients with MS suffer from some symptoms 
such as loss of muscle power, ache, fatigue, and vision, intestines, cognition, 
mood disorders and sexual dysfunctions. Furthermore, MS disease affects the 
individual’s mood and causes some problems in daily life and social life as well 
as reduces the life quality of the patients. There is no definite treatment for 
MS; however, the attacks can be treated, the symptoms can be mitigated and 
eliminated. Moreover, psycho-social aspect of the treatment includes family 
support, arranging social and economic effects of the disease, supporting those 
with loss of ability.1,14,22 

Chronic illnesses are listed among the destructive factors which cause 
problems in the individual’s lives, affecting family functions, and its impact on 
family life is discussed. A family member with a disease affects the balance of 
all family system, starting from the individual in her/his environment approach; 
thus, both the patient and the family is affected from this. Being listed among 
chronic illnesses, MS is not only a medical disease but also a bio-psychosocial 
disease which psychologically, socially, economically and morally affects both 
the individual and his/her environment.  Since MS patient lose his/her physical 
power, they cannot work, and thus, they are economically affected considering 
the increasing treatment expenditures. It may make the individual to live a life 
dependent to his/her environment, affect the family roles and responsibilities, 
and thus, the family has to adjust to this apart from the disease itself.1,9,16 

Except from physiological symptoms of MS, it also has psychosocial 
aspects. In the research conducted by Koçer et al.14, 32.3% of the MS patients 
were found to be depressed, which also negatively affects the life quality of the 
individuals with MS. In the research conducted by Bilgi et al.4 , 19.5% of the MS 
patients were found to be depressed and 41.7% of them had cognitive dysfunction. 
Another aspect is highlighted in the research conducted by Dilorenzo et al.9 
on life adaptation of the elderly with MS disease. Some themes were reached 
within the scope of the study such as health-related social comparison, mobility 
and independence, complete social comparison, integration with MS disease as 
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a personal identity, acceptance, taking action and planning, making a cognitive 
framework again, social support, religion and productivity.

Being the smallest unit of a society, family plays some roles such as 
ensuring continuity of the population, cultural transfer, socialising, rendering 
economic, biological and psychological functions. Foundation of a healthy 
family is closely related to healthy family functions. Family functions are 
composed of the relationship between family members, loyalty and intimacy.  
The function of the family is to contribute to the development of family 
members, ensuring their socialising, their independence and ability to stand 
on their own feet. Healthy family functions are only possible with healthy 
communication. The components of healthy families and family functions are 
problem-solving, communication, roles, giving emotional reactions, and interest 
and behaviour control. Intra-family roles and family structure which includes 
norms, values and faith patterns affects family functions. Family structure is 
deemed as an indicator of psycho-social development of the individuals’ future 
attitudes and behaviours. The features of the family affect all family members.10 
Lack of communication and family problems are common in families with no 
healthy functioning.  MS disease may cause complicated emotions of the family 
members, deteriorating family life and care, assistance and support need of the 
individual with MS disease.  Therefore, an individual with MS in the family 
affects the intra-family roles, family structure and family functions. 3, 6,13, 17,19 

Functions of medical social work which is one of the fields of social work 
profession are; providing psychological, social and economic support to the 
patients, making the adaptation of the individual to the hospital and/or disease 
easier, and solving the problems of the patient which prevents treatment. Social 
worker serves as bridge between the patient and his/her family, within the 
framework of system approach, and thus tries to respond the psycho-social needs 
of both the individual and the family. During the disease, the individual needs 
psychological and social support more, and inadequate support mechanisms 
makes it harder for the individuals with MS. Significant role of social workers 
are underlined in mobilising the social support systems in favour of the patient 
and ensuring the adaptation of the patient to the treatment by taking the mood 
of the patient higher. It is stated that the social workers have some roles such 
as, building trust relationship with the patients, evaluating the strengths and 
weaknesses of the patient with a holistic approach, determining the needs of the 
patient and his/her relatives and mobilising the resources.2,8,16 
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The fields which the MS-related studies are conducted in are medicine, 
neurology, microbiology, genetics, physical therapy and rehabilitation, 
nursing, radiology, psychiatry, biochemistry and psychology. The number of 
multidimensional studies researching the problems of the individuals MS in 
depth is too low. Thus, the problem of the study is to find out the problems of 
the individuals with MS. 

2. Research Methodology
This part includes the model of the research, data collection tools and process 
and data analysis. 

2.1. Research Design

The study was designed as a qualitative method and phenomenological research. 
Phenomenology defines common meaning of the experiences lived by a number 
of people about a phenomenon or concept. Phenomenologists focus on the 
definition of common features of all the participants experiencing a phenomenon. 
Main purpose of phenomenology is to narrow down individual experiences 
about a phenomenon to a global explanation.7 Therefore, phenomenology 
research method was used in the study with the aim of making a judgement 
about the problems of the individuals with MS disease and examining these 
problems in depth.  

2.2. Sampling

Sampling of the research is composed of MS patients who are members of 
Turkey Multiple Sclerosis Foundation (TMSD) Ankara Branch. In the study 
deep interviews were held with 15 persons with MS. Homogeneous sampling 
was used which is among purposive sample and sampling types. Homogeneous 
sample is the process of taking samples from among similar homogeneous 
groups. As the problems faced by the individuals with MS disease are similar, 
this sample type was preferred. The research was conducted after necessary 
authorisations were taken from TMSD Ankara Branch. 

2.3. Data Collection Tools

Interview forms were used when collecting research data. Interview form was 
prepared as semi-conducted and interviews were made in person. The interview 
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form includes some questions about socio-demographic information of the 
family of the individual with MS disease, information on the disease, illness 
process, social support sources and post-MS problems. 

2.4. Data Collection Process

Semi-conducted interview form was used in the study. In phenomenological 
researches, data collection process typically include the interviews with the 
individuals experiencing the phenomenon.7 The data were collected by using the 
interview forms prepared by the researchers within the framework of qualitative 
research approach. Before starting the interviews, the patients with MS diseases 
were informed about the research and their written consent was taken. The 
research was limited by the researchers between 11.04.2016 and 11.06.2016. 
The interviews were recorded by using tape recorder after the participants’ 
consent was taken. The interviews were deciphered. It was observed that the 
participants had hard time talking due to MS disease, and thus, they used very 
short sentences and talked in a low voice. As the voice records could not be 
clearly understood, 3 researchers participated in all interviews. One researcher 
made the interview, and other two researchers participated as observers and they 
simultaneously recorded the interviews by writing. 

2.5. Data Analysis

Content analysis was used for data analysis. MAXQDA program was used while 
analysing the data.  MAXQDA program makes it easy to transfer qualitative 
data to electronic environment, analysing the transferred data, making theme, 
interpreting and coding the data (Tüfekci, 2014). The participants taken within 
the scope of the research were coded as MS1, MS2, MS3, MS4, MS5, MS6, 
MS7, MS8, MS9, MS10, MS11, MS12, MS13, MS14 and MS15. 

3. Findings
According to the answers given by the individuals with MS taken under the 
scope of the research, the data were examined after diving them into categories. 
The categories created for the answers of the participants: Situation of the 
individuals with MS regarding receiving treatment, meaning of MS, experiences 
after MS, relations with the family and close environment, daily life, physical 
activities, self care situation, and future expectations. 



200  ¨  ¨  MY CoMPAnIon Ms: A REsEARCH on tHE PRoBLEMs oF InDIVIDUALs WItH MULtIPLE sCLERosIs (Ms)

3.1. Findings regarding Undergoing a Treatment of the Individuals with MS

The individuals with MS apply to some tools for the treatment of the disease. 
MS is defined as a permanent disease and its treatment continues for a life time. 
In this respect, breakdown of the participants with regard to situation of the 
individuals with MS regarding receiving treatment is given in Table 1. 

Table 1. Treatment Situation of the Individuals with MS 

Treatment situation Participants
Injection MS1, MS2, MS3, MS5, MS6, MS8, MS11 
Medicines MS5, MS7, MS9, MS10, MS12, MS13, MS14, MS15 
Serum MS8 
Cortisone MS6
Physical therapy MS11, MS15

Examining the treatment situation of the participants included in the research, 
it was found that more than half of them was on medication (f=8), more than 
half of them (f=8) was being treated by injection, a few of them were receiving 
physical therapy (f=2), 1 person was using serum and 1 person was receiving 
cortisone treatment.

“I was diagnosed with MS for the first time in 2010. I had blurred vision. I 
went to hospital. I was diagnosed with MS. I have been treated for 6 years. 
I have been receiving cortisone and injection treatment.” (MS6). 

3.2. Findings regarding the Meaning of MS

One of the findings obtained in the research is about the meanings of MS for the 
patients. The findings about the meaning of MS are provided in Table 2. 

Table 2. Meaning of MS for the Individuals with MS 

Meaning of MS Participants 
A situation which is undesired to think  MS2 
Feeling nothing MS3, MS4 
Hampering situation MS7, MS14 
Companion MS1, MS8   
Fatigue MS9
Erasing life MS10 
Inflammation MS12
Nightmare MS13
Unidentified MS15 
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The findings with regard to the meanings of MS for the individuals with MS: MS, 
a situation which is undesired to think  (f=1), the individuals with MS feeling 
nothing (f=2), MS, a hampering situation (f=2), MS, a companion (f=2), MS 
meaning fatigue (f=1), MS, erasing life (f=1), MS, perceived as inflammation 
(f=1), MS, defined as nightmare (f=1) and MS, perceived as unidentified (f=1).  

“MS, my companion. A selfish friend who is spoiled and needs attention. It 
makes me feel tired.” (MS1). 

“I felt nothing when I was first informed that I had MS. I had no emotion. 
It affected my left side at first. The doctor told me what to do. I can run 
my errands now. I have not experienced many things. I had hard time in 
handwork.” (MS3). 

“When you speak of MS, the first thing that comes to my mind is erasing 
most of my life. Half of the human body disappears. I cannot do what I 
want.” (MS10). 

3.3. Findings about Experiences after MS  

MS disease comes with many diseases. The findings about the experiences of 
the individuals after they are diagnosed with MS are provided in Table 3. 

Table 3. Experiences after MS 

Experiences after MS Participants
Sub-categories regarding physical problems 
Movement restriction MS4, MS15, 
Fatigue MS5, MS6, MS13, MS12 
Difficulty in housework MS8
Physical aches MS3
Weight loss MS4
Quitting exercising MS5
Difficulty in walking MS3, MS8, MS9, MS10, MS14, 

MS15
Difficulty in hand and arm movements MS3 
Sub-categories regarding emotional problems 
Restriction of life MS5, MS7, MS11  
Being affected emotionally MS8
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Experiences after MS Participants
Being isolated MS1, MS11  
Need to take psychological and psychiatric 
support  

MS1, MS2 

Disappointment  MS2 
Fear and panic MS4
Difficulty in self expression MS5 
Shock  MS4
Sub-category regarding positive situation 
Acceptance MS12, MS13  

Physical problems faced by the families with MS after they are diagnosed 
with the disease are; difficulty in walking (f=6), fatigue (f=4), movement 
restriction (f=2), difficulty in housework (f=1), physical aches (f=1), weight 
loss (f=1), quitting exercising (f=1) and difficulty in arm and hand movements 
(f=1). Emotional situations experienced by the families after MS disease are; 
restriction of life (f=3), being isolated (f=2), need to take psychological and 
psychiatric support (f=2), being affected emotionally (f=1), disappointment 
(f=1), fear and panic (f=1), shock (f=1) and difficulty in self expression 
(f=1). Some of the participants (f=2) stated that they accepted MS and had 
no problem. 

“I cannot walk. I cannot cook. I cannot wash my hair like I used to. I have 
no loss of feeling. My movements are restricted.” (MS3). 

“I was a licensed basketball player. I had to quit (MS1)”. 

“I got lonely. I was living with my friends. Everybody left. I was left alone. 
I took psychological support.” (MS2).

“My children did not welcome this situation. They asked why I got sick. 
The people think that MS is contagious, so they stay away. This makes me 
feel discomfort.” (MS6). 

3.4. Findings regarding Daily Life of the Individuals with MS

MS disease causes the individuals to delay chores and have difficulty to do their 
chores. The individuals with MS have some difficulties in daily life. Daily life 
difficulties of the individuals with MS are provided in Table 4 below. 
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Table 4. Daily Life Difficulties of the Individuals with MS 

Daily Life Difficulties of the Individuals with MS Participants 
Difficulty in doing chores MS1, MS8 
Fatigue MS2, MS5, MS6, MS12, MS13
Movement restriction MS3, MS4, MS14
Stress MS2
Getting bored MS2
Inability to go shopping MS7 
Self-care inability MS10

Daily life difficulties of the individuals with MS are; fatigue (f=5), movement 
restriction (f=3), difficulty in doing chores (f=2), stress (f=1), getting bored 
(f=1), inability to go shopping (f=1) and self-care inability (f=1). Accordingly, it 
is clear that the thing which the individuals with MS complain the most is about 
inability to perform physical activities.    

“I complain about inability to perform housework. My husband acts with-
out thinking. He helps if he wants.” (MS1). 

3.5. Findings about Relations with Family and Close Environment 

The support of the family and close environment is quite important for the 
individuals with MS in terms of moral and emotional support. Lack of family 
support may intensify the problems. The findings about the relations of the 
individuals with MS disease with family and close environment are provided in 
Table 5 below. 

Table 5. Relations of the Individuals with  
MS Disease with Family and Close Environment

Relations with Family and Close Environment Participants 
Sub-categories regarding positive relations 
Family support MS2, MS6, MS7, MS8, MS10, 

MS11, MS12, MS13, MS15  
Attachment MS1, MS10 
Sub-categories regarding negative relations
Lack of support from social environment MS9 
Intra-family communication problems  MS1, 
Lack of family support MS3, MS4, 
Social stigmatisation and social exclusion MS1, MS3, MS4, MS5 
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Relations with Family and Close Environment Participants 
Not accepting MS4, MS5, MS11 
Family members getting angry MS1
Being exposed to family violence MS1 
Feeling pity MS9, MS12, MS14  

Evaluating the relations of the individuals with MS with their family and close 
environment as well as the in-family situations, it was found out that more 
than half of the individuals with MS are supported by their family (f=9). In 
addition, we reached some findings which indicate the family members attach to 
the individuals with MS more (f=2). However, we also came across with some 
problems after MS disease regarding family members and social environment. 
These problems are; social stigmatisation and social exclusion (f=4), not 
accepting (f=3), feeling pity (f=3), lack of support from social environment 
(f=1), lack of family support (f=2), intra-family communication problems (f=1), 
family members getting angry (f=1) and the individuals with MS being exposed 
to family violence (f=1). 

“I had an edge with my family. We had a closer relation after the dis-
ease. My family care about me more now. Nothing changed in my friends.” 
(MS7). 

“I spend more time with the home folks. I could not do what they wanted 
before. I became aware of my children. I gave my love to them. We spend 
quality time with the home folks. We go out.” (MS6).  

“I showed them my love and took care of them. They did not. I did not try 
to change them.” (MS4). 

“Everybody around me became distant.” (MS1).  

“The people look with pity eyes. I was diagnosed with MS, I have hard time 
in walking; the people ask what has happened”(MS9). 

3.6. Findings regarding Future Expectations of the Individuals with MS

Future expectations, thoughts and plans of the individuals with MS play 
an important role in their attachment to life. Findings regarding future 
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expectations of the families of the individuals with MS are provided in 
Table 6 below. 

Table 6. Future Expectations of the Individuals with MS 

Future Expectations of the Individuals with MS Participants 
To recover MS6, MS11, MS15
No progression of disease MS10, MS12, MS13, MS14
Health and future of children MS3, MS8
Being a home owner MS1, MS4
Being a mother MS1
Having a job MS1
Driving car MS1
A happy and peaceful life MS2, MS5, MS13
Respect and love MS2
Making no plans MS7
Not being in need of the others MS4
Hope MS5, MS14 
Beneficial works for the society MS2, MS12
Change in their spouses’ behaviours MS5

Future expectations of the individuals with MS are; no progression of disease 
(f=4), to recover (f=3), a happy and peaceful life (f=3), hope (f=2), doing 
beneficial works for the society (f=2), health and future of children (f=2), being 
a home owner (f=2), being a mother (f=1), having a job (f=1), driving a car 
(f=1), respect and love (f=1), making no plans (f=1) and not being in need of 
the others (f=1). 

“I do not make long-term plans. I let things slide.” (MS7) 

 “Be the remedy of the disease a medicine; be it make the ache and fatigue 
disappear.” (MS5) 

 “I want to change the habits of my husband. I want him to accept that I 
am sick. He expects everything from me. I feel tired. He expects meal. He 
does not understand me.” (MS4)  

4. Discussion
Around the world, the individuals with MS receive MS-intensive treatment in MS 
clinics and health centres. Inter-disciplinary intervention plans are applied to the 
individuals with MS. These treatment components include medical treatment, 
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work-engagement therapy, speech pathology therapy, psychological and neuro-
psychological therapy, cognitive therapy, behaviour control management, social 
work interventions, nutrition therapy and occupational therapy. Doctors and 
experts work in MS clinics. MS-intensive care includes expertise of various 
health professionals such as neurologists, nurses, rehabilitation experts, 
psychiatrists, medical experts, work and engagement therapists, mental health 
experts and social workers5, 12. In our country, on the other hand, treatment 
service is provided in public and private hospitals  

It can be said for the individuals with MS that the situation they experience 
and the meaning of life are negative. However, the study conducted by Dilorenzo 
et al.9 found out that the individuals with MS compare themselves with the other 
sick persons and they thought that their life was better and more positive than 
the persons with cancer. 

The individuals face with physical problems, health problems and psycho-
social problems. In the study conducted by Koçer et al.14 , it was concluded that 
MS disease affected patients’ mood and social life. In the study conducted by 
Holden and Isaac11 , it was found out that MS affected the individuals’ mood, 
caused psycho-social stress and the families with MS went into depression. In 
the study conducted by Buchanan et al.5, the individuals with MS who were 
married had more psychological problems than those who were not married. 
Soyuer21 states that fatigue was the most common situation in MS disease. He 
also states that the individuals with MS have difficulty in walking. Moreover, 
the individuals with MS face weakness, disability, balance and coordination 
disorder, sensory impairment, sound-related impairment, mobility and cognitive 
disorder and psycho-social problems. In the study conducted by Dilorenzo et 
al.9, it was found out that the individuals with MS had problems in mobility and 
independency. Same study found out that the families of the individuals with 
MS  accepted the disease and embraced it as it was a part of their personality. 

MS disease affects daily life of the individual. One of the most common 
problems is difficulty in doing chores.   The study conducted by Koçer et al.14 
supports this, and it was also found out in the study that MS disease affects 
daily activities of the individuals and thus lower their life quality. In the study 
conducted by Mollaoğlu et al.15, it was found out that the ability of the individuals 
with MS to perform self-care is at medium level. Another study found out that 
half of the individuals with MS on average had difficulty in housework and the 
outsidework.18
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MS affects the individuals’ in-family relations and relations with the close 
environment. It was found out that the individuals with MS had often family 
support. In the study conducted by Özdemir and Aşiret18, it was found out that 
94.1% of the individuals with MS had moral and concrete family support. 
The study conducted by Pakenham and Cox20 revealed that family members 
supported the individuals with MS and the disease. Mentioned findings match 
up with the findings of the research and reveal that the individuals with MS have 
their families’ support. However, the families with MS face with some problems 
such as social exclusion and not accepting. Once the individual is diagnosed 
with MS, personal life, self-confidence, family relations, future situation and 
work relations of the patient are affected. The individuals with MS may isolate 
themselves from their family and environment.21 The study conducted by 
Özdemir and Aşiret18 found that more than half of the individuals with MS had 
family-related problems. Some of these problems are communication problems, 
overprotective family and care-related problems. Pakenham and Cox20 also 
states that the families with MS have difficulty in parenting roles and duties. 

Future expectations of the individuals with MS focus on no progression in 
disease, recovery, and related hopes as well as their child’s future. Families’ job 
and future are also affected after MS disease.21 It was found out that 70.8% of 
the families with MS had employment-related problems.18

5. Conclusion
As a result of the interviews made with the individuals with MS, shocking 
conclusions were reached with regard to disease perception, point of view of the 
disease, receiving treatment, and their life before and after MS diagnosis.  

With regard to treatment of the individuals with MS, it was found out 
that 14 out of 15 interviewees were receiving treatment and they preferred 
medication and injection the most as treatment type. Considering that many 
patients use more than one treatment method, it is inferred that MS patients 
undergo an intensive and tough treatment process.

With regard to the meaning of MS for the interviewees, MS was defined as; 
“A situation which is undesired to think about”, “feeling nothing”, “hampering 
situation”, “companion”, “fatigue”, “erasing life”, “inflammation”, “nightmare” 
and “unidentified”. MS generally refers to a negative situation considering the 
statements of MS patients. 
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Three sub-categories were created for the experiences after MS namely, 
physical problems, emotional problems and positive opinion and according to 
these categories, two participants stated that they accepted the situation after 
they were diagnosed with the disease. It was found out that all the individuals 
who were interviewed experienced physical or emotional problems, they 
mostly had physical problems; however, almost half of them considerably had 
emotional problems. Given that movement restriction is a criterion in diagnosing 
MS, it is understandable that the physical problems have a noteworthy share. 
The individuals with MS stated their emotional problems with the following 
expressions: “restriction of life”, “affected emotionally”, “being isolated”, “need 
to take psychological and psychiatric support ”, “disappointment”, “fear and 
panic”, “difficulty in self-expression”, “shock”. In line with these data, MS disease 
negatively affects the patients are not only physically but also psycho-socially. 

With regard to daily life of the individuals with MS, most of them described 
what they lived as “fatigue”, “movement restriction” and “difficulty in doing 
chores”. In this respect, it was found out that most of the individuals with MS 
had difficulty in doing their own chores and self-care.

With regard to the relations of the individuals with MS with the close 
environment, two sub-categories were created, one positive, one negative. The 
most common thing stated as positive among the sub-categories was “family 
support”. Negative ones were “social stigmatisation and social exclusion”, “not 
accepting” and “feeling pity”. Depending on the interview data, almost half of 
the individuals diagnosed with MS had family support, but almost half of them 
lacks family support and face some problems such as exclusion, stigmatisation, 
being exposed to violence and in-family communications.

With regard to future expectations of the individuals with MS, it can 
be said that they have a disease-focused future expectation considering their 
expressions such as “no progression of disease”, “recovery” and “a happy 
and peaceful life”. Moreover, it is thought that they have some expectations 
for solving family problems considering their expressions such as “health 
and future of the children”, “being a mother” and “not being in need of the 
others”.

Following suggestions may be made in line with the findings obtained as 
a result of the research 

• Disability evaluation of the MS patients should include not only medical
evaluation but also a psycho-social evaluation.



nEW tREnDs In HEALtH sCIEnCEs  ¨  ¨  209

• Considering the individuals with MS and similar other diseases, an
environment planning should be made which is necessary for social
integration and acceptance of these individuals.

• A union, community should be created with the aim of defending the rights
of MS patients, and public support should be provided for this purpose.

• In Turkey, on-site researched should be made for the individuals with
MS and other individuals and families with similar chronic illnesses,
these individuals and families should be regularly interviewed by some
professionals such as ‘social workers’, ‘psychologist’, ‘ergotherapist’, and
psychosocial support should be provided when deemed necessary.

• The families should be provided with post-diagnosis family counselling service
and family training and intra-family communication should be supported.

• The medicines and devices used by MS patients should be included in the
list of medications paid by Social Security Institution.

• Private MS policlinics should be opened in the hospitals with neurology
clinics.

• Ergotherapy should be included in the MS treatment in line with the MS
treatment around the world.

• The awareness of the society about the chronic diseases such as MS should
be raised; the society should be informed about the diseases through media.
Short public service ads should be prepared about MS.

• Flexible working hours should be arranged for the individuals with MS who
are working and the MS patients should be provided with early retirement
right, if they want.

Ethical Approval and Informed Consent
Informed consent form was signed by taking the consent of the participants in 
the study. The objectives and contents of the study were explained to them. It 
was stated to them that they could quit the study at any time. The necessary 
permissions for the study were ethically approved. Research has been complied 
with the Declaration of Helsinki, the Declaration of Lisbon, and other standards 
and ethical principles. 
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1.

n
Introduction

owadays, pesticides are widely used in chemical control against harmful 
organisms such as insects, weeds or fungi in agriculture, health and 
industry. However, despite their advantages, pesticides also bring great 
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disadvantages. Pesticides reaching rivers or lakes also threaten the continuity 
of the ecosystem by affecting biodiversity and ecological relations in the 
aquatic environment as well as deteriorating water quality. Pesticides that can 
dissolve in an aquatic environment rapidly diffuse. Crystalline pesticides 
remain in suspension and maintain their potential toxicity for a long time. 
Teleosts take in pesticides directly or by consuming contaminated nutrients 
through the gill, mouth or skin. Some teleosts can retain of millions oftimes 
more than water pesticides in their own lipid tissues and the consumer 
organisms may face pesticide-related health problems. Fishes are sensitive 
against materials that affect organic substances in their bodies. Under stress 
conditions, in addition to the disruption of the functioning of molecules such 
as enzymes and hormones, biochemical and physiological changes that reduce 
behaviour, reproduction, respiration, metabolism, growth and life span also 
occur. The liver, kidneys and gills, which play a major role in metabolism are 
the most affected parts of fish. Pesticides with neurotoxic properties affect the 
hypothalamus in the brain and have negative effects on all steroid and peptide 
hormones in the endocrine system (1).

  Tetraethyl pyrophosphate (TEPP) and parathion are the first 
organophosphorus pesticides used in chemical control and also diazinon, 
dimethoate, chlorpyrifos and malathion are frequently used organophosphorus 
pesticides (2–4). These pesticides prevent acetylcholine decomposition into 
acetic acid and choline by inhibiting acetyl cholinesterase enzyme activity 
which is an indicator for detecting stress conditions. As a result of this event, 
the muscles during constantly contraction cause to die of the living thing. 
While acidic pesticides among the organophosphorus pesticides rapidly 
hydrolyse in the soil, the vast majority of organophosphorus pesticides can 
also be metabolized by soil microorganisms. It is stated that the acute toxicity 
of organophosphorus pesticides is higher than organochlorides (5,6).

1.1. The Oxidative Stress Biomarkers

Reactive oxygen species (ROS) are produced in the body of living organisms 
after or during detoxification reactions and these substances can cause serious 
damage to the physiological processes of cells by randomly attacking cellular 
micro and macromolecules such as carbohydrates, proteins, lipids and nucleic. 
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acids. A possible imbalance status between ROS and antioxidant defence 
system mechanism causes oxidative stress which in many tissues is retained 
associated with severe damage. As a result of oxidative stress-induced 
pathological changes in living organisms may be encountered with health 
problems such as cancer, neurodegenerative, circulation, gastrointestinal or 
immune system diseases (7–13).

   Antioxidants are defined as substances that inhibit or delay oxidative 
processes. Antioxidant compounds and specific enzymes that catalyse their 
antioxidant activities form the elements of the endogenous defence system14–
19. Researchers stated that cellular antioxidant reaction elements can be used as
potential biomarkers for monitoring residual xenobiotics in aquatic
environment (4,20,21). Catalase (CAT; EC 1.11.1.6), superoxide dismutase
(SOD; EC 1.15.1.1), glutathione-S-transferase (GST; EC.2.5.1.18), glutathione
reductase (GR; EC 1.8.1.7) and glutathione peroxidase (GPx; EC 1.11.1.9) are
key enzymes for detoxification of reactive oxygen species in all living
organisms (Table 1). An important feature of these enzymes is that they can be
induced for adaptation under oxidative stress conditions (2,22). It has been
found that chlorpyrifos influences CAT and SOD activity levels and induces
oxidative stress in Oreochromis niloticus (20).

 In an experimental setup created by Thenmozhi et al. (2011) using 1/3 of 
the lethal dose (25 mg/L) of malathion, one of the organophosphorus pesticides 
in the freshwater fish Labeo rohita were evaluated biochemical changes. 
Accordingly, after 15 days of exposure to malathion, it was found that the 
antioxidative activities of CAT and GST enzymes in the liver, muscle and gills 
increased significantly and these levels decreased in absence of pesticides in 
ongoing process (2.) GR enzyme has a vital metabolic function in recycling 
oxidized glutathione (GSSG) to reduced glutathione (GSH) in living organisms. 
The excretion from body of diazinon which is directly conjugated with reduced 
GSH with GR can be facilitated.GSH can also participate in the neutralization 
reaction of free radicals. It is noted that there may be an increase in GR activity 
in 7 days intoxication of sublethal diazinon and this will occur directly in 
connection with GSH consumption. A decrease in GR activity was also found 
after 28 days of diazinon exposure (6). Since GR activity is dependent on 
cellular  NADPH and NADPH production is dependent on glucose-6-phosphate 
dehydrogenase enzyme (G6PDH), organophosphorus diazinonpesticide  and
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other pesticides disrupt the functioning of such important redox reactions (6). 
Monteiroet al. (2009) found that thegill and white muscle GPx activity in the 
Brycon cephalus sublethal exposed to organophosphate insecticide methyl 
parathion decreased and was not different in liver. In addition, it was reported 
that SOD, CAT and GST activities increased and GSH levels decreased in all 
tissues (23). It was found by Ibrahim (2019) that the liver SOD, CAT, GSH and 
GST levels of Oreochromis niloticus after 30 days chronic exposures of 
malathion as an organophosphorus pesticide increased significantly (24). It has 
been reported by Ganeshwade (2012) that ascorbic acid (vitamin C) levels 
increase with the 60-day exposure of sublethal doses of dimethoate in Puntius 
ticto (25). The liver is the main site of detoxification and contains a large 
amount of ascorbic acid (25) (Table 1).
      Nitric oxide (NO) is produced by nitric oxide synthase during the conversion 
of arginine to citrulline. It is a lipophilic molecule with unpaired electrons. It is 
not a highly reactive radical, but it is important as it can form reactive 
intermediates (26,27). Ina study, it was noted that CPF toxication (0.04 and 0.08 
mg/L) significantly increased NO levels, in Cyprinus carpio (L. 1758) (28). In 
the organism, the molecules most easily affected by free radical attack are lipids. 
Oxygen molecule binds to the double bond in unsaturated fatty acids in the cell 
membrane and causes lipid peroxidation. Lipid peroxidation (LPO) can damage 
the membrane structure by a chain reaction (12,29,30). It was found that 
glyphosate and dimethoate on levels of malondialdehyde MDA as biomarker of 
LPO and total sialic acid (TSA) levels which is an indicator of tissue damage 
and contributing to the antioxidant system in Capoeta capoeta at sublethal 
concentrations had an enhancing effect (31,32). It was determined that TSA 
levels in Capoeta capoeta serum significantly increased with 2 mg/L dimethoate 
exposure (32). Glyphosatein sublethal concentrations in Capoeta capoeta was 
found an increasing effect in plasma of the MDA levels31. Monteiro et al.(2009) 
(23 )found that the gill and white muscle LPO levels as the oxidative stress 
marker for Brycon cephalus after sublethal exposure methyl parathion from the 
organophosphorus insecticide decreased and was not different in liver (Table 1).
      In a study on Kars Creek Transcaucasia barb (Capoeta capoeta [Guldenstaedt, 
1773]) was analysed serum total antioxidant (TAS) and oxidant (TOS) levels 
directly related to oxidative stress following glyphosate exposure as a 
herbicide and claimed that oxidative stress increased significantly with 
glyphosate exposure (33) (Table 1). 
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     Paraoxonase 1 (PON1, EC.3.1.8.1) and arylesterase (ARE) are enzymes 
encoded by the same gene and whose active sites are similar. PON1 is an ester 
hydrolase of the aryldialkyl phosphatase enzyme class that is hydrolysable to 
paraoxon, a potent inhibitor of cholinesterase and detoxify other 
organophosphate species. The arylesterase has also ability to detoxify 
organophosphates and not show polymorphism like PON1 as genetic. PON1 
enzyme has the ability to hydrolyse phenylacetate which is the substrate of 
arylesterase, thus showing both arylesterase and paraoxonase activity (34). In 
addition, it has been known that PON1 as an endogenous antioxidant enzyme 
bound to plasma high-density lipoprotein (HDL) has the protective effect for 
low-density lipoprotein (LDL) and HDL from oxidation reactions caused by 
free radicals and reduces oxidative stress35,36. In a study dealing with effects 
on PON1 and ARE activities of sublethal doses of malathion in Cyprinus 
carpio, the PON1 and ARE activity levels in liver and serum of malathion 
received groups decreased on the 7th and 14th days compared to the control 
group, and resistance to organophosphorus pesticide stress developed on the 
21st day. It has been reported that they show a tendency to normalize (37). 

Table 1. The Acute Effects of Organophosphorus Pesticides in Sublethal Doses on the 
Levels of Oxidative Stress Biomarkers
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↑, ↓ or ↕: The parameter level increases, decreases or does not change, respectively. SOD: 
Superoxide dismutase, GST: Glutathione-S-transferase, GSH: Reduced glutathione, GPx: 
Glutathione peroxidase, GR: Glutathione reductase, TOS: Total oxidant status, MDA: 
Malondialdehyde, AA: Ascorbic acid, CAT: Catalase, TSA: Total sialic acid, PON 1: Paraoxonase 
1, NO: Nitric Oxide

1.2. The Biochemical Markers

Transition to anabolic and catabolic processes in teleosts exposed to 
organophosphorus pesticides involves significant alterations in intermediate 
metabolism for growth, development and survival reactions. During these 
alterations, there are many enzymes and molecules that direct reactions in 
tissues such as liver, blood, gills, kidneys and muscles for adaptation or 
resisting pesticide stress (1,3,4,39). Dubey et al. (2014) reported that liver acid 
phosphatase (AP), alkaline phosphatase (ALP), glutamate pyruvate 
transaminase (GPT or alanine aminotransferase, ALT), glutamate oxaloacetate 
transaminase (GOT or aspartate aminotransferase, AST) enzyme levels 
increased and total protein levels decreased when Clarias batrachus was 
exposed to dimethoate (0.45 μg/L for 4-6 weeks) as an organophosphorus 
pesticide (3). AST and ALT enzymes are found in heart, liver, pancreas, 
skeletal muscle, kidney, gills erythrocyte, brainand spleen. Lactate 
dehydrogenase (LDH) enzyme is also found in similar tissues, but there are not 
enough studies addressing the effect of organophosphorus pesticides on LDH 
enzyme levels. The cells are broken down if diseases or tissue damaging factors 
affect tissues and enzymes such as AST and AST are released into the plasma. 
It has been reported that diazinon in liver of fish can be metabolically altered 
through diazoxone and cytochrome p450 monooxygenase to other products 
containing pyrimidinol, and reactive oxygen species (ROS) are formed during 
this process40. The intracellular high ROS levels may cause to rise for hepatic 
cell permeability membrane causing to lipid peroxidation and after thehepatic 
catalysers containing ALT and AST are distributed to plasma. In addition, ROS 
originated from the diazinon in fish can cause to pass into plasma of enzymes in 
other tissues such as gill, heart, muscle and kidney6. It is known that liver 
enzymes such as AST and ALT in blood show a significant increase in the 
Oreochromis niloticus exposed to sublethal doses of malathion as an 
organophosphorus pesticide (24) (Table 2).
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      Organophosphorus and carbamate pesticides can cause both acetylcholine 
esterase (AChE) and carboxyl esterase (CbE) inhibition. The use of CbE 
enzyme activity as a biomarker of pharmaceutical products in aquatic 
environments has been proposed (41). In a study related to the effects of 
dichlorvos, chlorpyrifos-oxone and carbamate on hepatic AChE and brain 
CbE in Sparus aurata and hepatic CbE inhibition caused by ibuprofen, 
fenofibrate, simvastatin, carbamazepine and triclosan was stated that the 
hepatic CbE enzyme is more sensitive to dichlorvos toxicity than AChE and 
also, it has been reported to be sensitive to inhibition caused by triclosan and 
simvastatin (41).
   The high glucose level in blood is a general response of fish to 
organophosphorus pollutants. Many researchers report that high glucose in 
blood is often encountered in fish related to adverse situations and supported 
the fish through supplying energy to beat the calorie requirement. High levels 
ofglucosein blood have been extensively evaluated as an indicator during 
stress (6.) It has been reported that the doses of 7.16 and 10.75 mg/L of 
dimethoate significantly affect the carbohydrate and nitrogen metabolism in 
the Channa punctatus due to the hypoxic conditions that occur. In addition, it 
was reported that total protein, nucleic acid (DNA and RNA), glycogen, 
pyruvate and cytochrome oxidase (CO) activity levels were significantly 
reduced and total free amino acid and LDH levels increased. It was alsostated 
that teleost fish with low protein content after dimethoate toxicity might not 
be suitable consumption by human (45).
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Table 2. The Acute Effects of Organophosphorus Pesticides at Sublethal Doses on 
Metabolic Parameter Levels of Teleostei

↑, ↓ or ↕: The parameter level increases, decreases or does not change, respectively. 
AChE: Acetylcholinesterase, CbE: Carboxylesterase, AST: Aspartate 
aminotransaminase, ALT: Alanine aminotransaminase, ALP: Alkaline phosphatase, 
AP: Acid phosphatase, LDH: Lactate dehydrogenase, CK: Creatine kinase, CO: 
Cytochrome oxidase, PRO: Total protein, CHOL: Total cholesterol, HDL: High 
density lipoprotein
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     Albumin and globulin molecules are among the most abundant of body 
proteins and evaluated as being included to total protein in blood. Total 
protein, albumin and globulin analysis tests are preferred to diagnose of 
diseases related with immune system disorders, anormal hepatic process or 
renal functions. It was reported that the levels of total protein, albumin and 
globulin reduce in Oncorhynchus mykissby diazinon exposure (48). In a study 
investigating the effect of dimethoate on a teleost Channa punctatus was 
reported that total protein levels would be affected (45). Low levels of total 
protein are possible to cause to food deficient, under nourishment or 
chronically hepatic dysfunctions6. While low globulin concentration has been 
claimed in immunodeficiency, it is noted that diazinon is a very effective 
organophosphorus pesticide in tissue destruction and hepatocyte apoptosis, and 
inhibiting immunoglobulin, total protein and albumin synthesis byhepatic 
tissue (46). The creatine kinase (CK) enzyme used to diagnose kidney 
dysfunction is found in muscle, heart, gill and brain. Although fish exposed to 
high doses of diazinon showed higher CK activity in plasma on 7th day, plasma 
CK concentrations were reported to decrease to normal levels on the 14th and 
28th days after transient muscle fibres and other tissue damage6. It was 
observed by researchers that LDH, CK and amylase levels in Clariaslazera 
changed with exposure of 2.50, 3.00 and 3.50 ppm dimethoate for 30 days (4).

   Alkaline phosphatase (ALP) has an important role for phosphate 
hydrolysable and in transport of membrane and is helpful as a biological 
marker of adverse metabolic activities oforganisms. The ALP activity or level 
analysis is important control hepatic and cellular membrane health and a 
molecule involved in several tissues or organs of organisms and synthesized 
through small bile duct cells in the liver43. Due to pesticide toxicity, high ALP 
level of plasma on 14th day may be associated with structural damage and loss 
function of liver. The increase in ALP activity level is also be possible related 
to a rising of transphosphorylation activity (42). Agrahari et al. (2007) reported 
increased ALP levels in plasma of Channa punctatus received an 
organophosphorus pesticide monocrotophos43. Alterations at issue of plasma 
ALP levels have been previously known in tilapia (49) and carp (6). In the 
freshwater fish Labeo rohita, sublethal malathion exposure for 15 days has 
been reported to decrease ALP levels in liver, muscle and gill tissues (2). It has
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been stated that normalization in ALP level may prove teleost adaptation to 
toxicity of diazinon or organophosphorus pesticide exposure at sublethal 
concentrations (6).
     In a study on the effect of a sublethal dose of chlorpyrifos applied for 24, 48, 
72 and 96 hours to some biochemical components in the liver and kidney of 
Channa gachua as a freshwater fish, it was reported that the lipid content 
decreased with the exposure period to chlorpyrifos and weight loss has also 
been suggested that it is related to energy metabolism due to stress (47). In a 
study on the effect of glyphosate in Capoeta capoeta, it was reported that HDL 
levels of fish applied glyphosate decreased compared to the control group (33). 
Since acid phosphatase (AP), which is important in carbohydrate metabolism 
and found in the membrane of lysosomes, factors that cause damage to 
lysosomes may cause this enzyme to be released into the muscle and increase 
its levels. It is stated that liver and muscle AP levels decrease in Channa 
punctatus with sublethal doses exposure to malathion (44).
     In a study investigated of effects on L-histidine responses for glyphosate as 
an organophosphorus pesticide in rainbow trout was noted behavioural changes 
and neurophysiological effects (50). Since L-histidine receptors are inhibited by 
glyphosate, decreases in olfactory response have also been reported. It has been 
reported that diazinon with sublethal doses significantly reduced the olfactory 
response in male Atlantic salmon induced by PGF2α, and after stimulation of 
male salmon with urine of ovulating female salmon, the levels of 17α, 20β-
dihydroxy-4-pregnen-3-one, gonadotropin II and testosterone as reproductive 
hormones were significantly decreased in blood plasma (1,39).

2. Conclusion and Suggestions
The pesticide contamination following the use of organophosphorus pesticides
even in sublethal doses may occur as a result of reaching the aquatic ecosystem
and change biochemical parameters in the bodies of fish species that constitute
non-target teleost populations. In addition, since the pesticide residues in these
organisms remain for a long time, the metabolism and biochemical structure of
the species in the food chain and the people who are the end consumers may also
be affected. Therefore, organophosphorus pesticides which act very actively
should not be used unless it is necessary and even if they are used, contamination
of teleost ecosystems should be prevented. Tracking of organophosphorus
pesticide residues should also be done for teleosts in the aquatic ecosystems.
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