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 รางจืด (Thunbergia laurifolia Lindl.) จดัอยู่ในวงศ์ Acanthaceae  มีสรรพคณุใช้เป็นยาถอนพิษ และใช้รักษาอาการปวด บวม 
อกัเสบ และปวดศีรษะ กรดโรสมารินิกซึง่เป็นสารส าคญัของรางจืดสกัดได้จากสารสกัดเอทานอลของใบรางจืด การทดสอบนีท้ าการประเมิน
ฤทธ์ิระงบัปวดของกรดโรสมารินิกและสารสกัดใบรางจืดในหนเูมาส์ด้วยวิธี hot-plate, acetic acid-induced writhing และ formalin และท า
การทดสอบฤทธ์ิต้านการอกัเสบของกรดโรสมารินิกในหนเูมาส์ด้วยวิธี carrageenan-induced paw edema และcotton pellet-induced 
granuloma formation และท าการทดสอบฤทธ์ิต้านการอกัเสบของสารสกดัใบรางจืดด้วยวิธี carrageenan-induced paw edema พบว่า กรด
โรสมารินิกขนาด 50, 100 และ 150 มก./กก. และสารสกดัใบรางจืดทกุขนาด (500-2500  มก./กก.) ท่ีให้โดยการป้อนมีฤทธ์ิระงบัปวดอย่างมี
นยัส าคญัทางสถิติเม่ือทดสอบด้วยวิธี hot-plate และฤทธ์ิระงบัปวดนัน้ถูกยับยัง้ได้ด้วยนาลอกโซน แสดงว่ากลไกการออกฤทธ์ิระงบัปวด
เก่ียวข้องกบัตวัรับโอปิออยด์ กรดโรสมารินิกขนาด 50 และ 100 มก./กก.สามารถลดการบิดงอล าตวัของหนท่ีูเกิดจากการเหน่ียวน าด้วยกรดอะ
ซติกิได้ 52.05% และ 84.53% ตามล าดบัอย่างมีนยัส าคญัทางสถิต ิ สารสกดัใบรางจืดขนาด 1000, 1500, 2000 และ 2500 มก./กก. สามารถ
ลดจ านวนครัง้ของการบิดงอล าตวัได้ 32.11%, 45.04%, 47.81%, และ 67.89% ตามล าดบัอย่างมีนยัส าคญัทางสถิติ แสดงว่าทัง้กรดโรสมา
รินิกและสารสกดัใบรางจืดมีฤทธ์ิระงบัปวดตอ่ความปวดท่ีเกิดจากการอกัเสบ กรดโรสมารินิกขนาด 100 มก./กก.และสารสกัดใบรางจืดขนาด 
1500 และ 2000 มก./กก. ยงัสามารถยบัยัง้ความปวดท่ีเกิดจากการเหน่ียวน าด้วยฟอร์มาลนิในระยะแรกและระยะหลงัได้อย่างมีนยัส าคญัทาง
สถิต ิผลการทดสอบด้วยวิธี formalin สอดคล้องกบัผลท่ีได้จากการทดสอบด้วยวิธี hot-plate และ acetic acid-induced writhing แสดงให้เหน็
ว่ากรดโรสมารินิกและสารสกดัใบรางจืดออกฤทธ์ิระงบัปวดได้ทัง้ในระบบประสาทสว่นกลางและระบบประสาทส่วนปลาย กรดโรสมารินิกและ
สารสกดัใบรางจืดในขนาดท่ีมีประสทิธิภาพสงูสดุไม่มีผลคลายกล้ามเนือ้หรือสงบระงบัในการทดสอบด้วย rota-rod กรดโรสมารินิกขนาด 100 
มก./กก. สามารถยบัยัง้การบวมของอุ้งเท้าท่ีถกูเหน่ียวน าด้วยคาราจีแนนท่ีเวลา 3, 4, 5 และ 6 ชัว่โมง ได้อย่างมีนยัส าคญัทางสถิติ ในขณะท่ี
สารสกดัใบรางจืดทกุขนาดสามารถลดการบวมของอุ้งเท้าท่ีเวลา 4, 5 และ 6 ชัว่โมงหลงัจากฉีดคาราจีแนน ได้อย่างมีนยัส าคญัทางสถิติ แสดง
ให้เห็นว่ากรดโรสมารินิกและสารสกัดใบรางจืดออกฤทธ์ิต้านการอกัเสบในช่วงระยะท่ี 2 ของการอกัเสบ ทัง้กรดโรสมารินิกและสารสกัดใบ
รางจืดมีฤทธ์ิต้านการบวมของอุ้งเท้าท่ีถกูเหน่ียวน าด้วยพรอสตาแกลนดนิอี 2 ได้อย่างมีนยัส าคญัทางสถิต ิซึง่การบวมของอุ้งเท้าท่ีถกูเหน่ียวน า
ด้วยพรอสตาแกลนดนิอี 2 ท่ีลดลงสามารถอธิบายผลการยบัยัง้ของกรดโรสมารินิกและสารสกัดใบรางจืดในการทดสอบด้วยวิธี  acetic acid-
induced writhing และ formalin ได้บางส่วน กรดโรสมารินิกขนาด 100 มก./กก. สามารถยบัยัง้การเกิด granuloma จากการเหน่ียวน าด้วย
ก้อนส าลีได้อย่างมีประสทิธิภาพแสดงให้เหน็ว่า กรดโรสมารินิกมีฤทธ์ิต้านการอกัเสบในระยะเรือ้รังของการอกัเสบ ผลการประเมินความเป็นพิษ
เฉียบพลนัยืนยนัถึง ความปลอดภยัของกรดโรสมารินิกและสารสกดัใบรางจืดทกุขนาดท่ีใช้ในการทดสอบ จากผลการทดสอบทัง้หมดแสดงให้
เหน็ว่า กรดโรสมารินิกและสารสกดัใบรางจืด มีฤทธ์ิระงบัปวดทัง้ในระบบประสาทส่วนกลางและระบบประสาทส่วนปลาย กลไกการออกฤทธ์ิ
ระงบัปวดน่าจะมีความเก่ียวข้องกบัวิถีของโอปิออยด์ กรดโรสมารินิกและสารสกดัใบรางจืดมีฤทธ์ิต้านการอกัเสบแบบเฉียบพลนัและแบบเรือ้รัง 
กลไกการออกฤทธ์ิต้านการอกัเสบของกรดโรสมารินิกและสารสกดัใบรางจืด บางสว่นเกิดจากการยบัยัง้โดยตรงท่ีตวัรับของพีจีอี 2 ซึง่ฤทธ์ิระงบั
ปวดและฤทธ์ิต้านการอกัเสบของสารสกัดใบรางจืดบางส่วนเกิดจากกรดโรสมารินิกซึง่เป็นสารส าคญัในสารสกัดใบรางจืด ข้อมูลท่ีได้จาก
การศกึษานีอ้าจน าไปสูก่ารใช้กรดโรสมารินิกและรางจืดในการรักษาอาการปวดและความผิดปกตขิองการอกัเสบอย่างสมเหตผุล 
 
 

ภาควิชา เภสชัวิทยาและสรีรวิทยา ลายมือช่ือนิสิต  
สาขาวิชา เภสชัวิทยา ลายมือช่ือ อ.ท่ีปรึกษาวิทยานิพนธ์หลกั  
ปีการศกึษา 2556 ลายมือช่ือ อ.ท่ีปรึกษาวิทยานิพนธ์ร่วม  



 v 

# # 5476218933 : MAJOR PHARMACOLOGY 
KEYWORDS : ROSMARINIC ACID / THUNBERGIA LAURIFOLIA / ANTINOCICEPTION / ANTI-
INFLAMMATION / HOT-PLATE TEST / ACETIC ACID-INDUCED WRITHING TEST / FORMALIN TEST / 
CARRAGEENAN-INDUCED PAW EDEMA / PROSTAGLANDIN E2-INDUCED PAW EDEMA / COTTON 
PELLET-INDUCED GRANULOMA  

WANVISA BOONYARIKPUNCHAI: ANTINOCICEPTIVE AND ANTI-INFLAMMATORY EFFECTS 
OF ROSMARINIC ACID AND THUNBERGIA LAURIFOLIA LEAF EXTRACT. ADVISOR:  ASST. 
PROF. FLG. OFF. PASARAPA TOWIWAT, Ph.D., CO-ADVISOR: ASSOC. PROF. POL. CAPT. 
SUCHADA SUKRONG, Ph.D., 154 pp.  
  

 Rang Chuet (Thunbergia laurifolia Lindl., family Acanthaceae) is traditionally used as an antidote for poisons and for 
treatment of pain, edema, inflammation, and headache. Rosmarinic acid (RA), a main constituent of Rang Chuet, was isolated 
from an ethanolic extract of T. laurifolia leaves. The antinociceptive activities of RA and T. laurifolia leaf extract (TLE) were 
assessed in mice using hot-plate, acetic acid-induced writhing, and formalin tests. The anti-inflammatory effect of RA was 
determined in mouse models of carrageenan-induced paw edema and cotton pellet-induced granuloma formation. The anti-
inflammatory effect of TLE was determined in carrageenan-induced paw edema. Orally administered RA (50, 100, and 150 
mg/kg) and all doses of TLE (500-2500 mg/kg) showed significant antinociceptive activity in the hot-plate test and these effects 
were reversed by naloxone suggesting opioid-mediated mechanism. RA at doses of 50 and 100 mg/kg significantly reduced 
acetic acid-induced writhing by 52.05% and 84.53%, respectively. TLE at doses of 1000, 1500, 2000, and 2500 mg/kg 
significantly decreased the number of writhes by 32.11%, 45.04%, 47.81%, and 67.89%, respectively. These data indicate that 
both RA and TLE have antinociceptive effects on inflammatory pain. RA at 100 mg/kg and TLE at doses of 1500 and 2000 mg/kg 
also caused significant inhibition of formalin-induced pain in the early and late phases. The results from the formalin test were in 
agreement with those obtained from the hot-plate and writhing tests, thereby indicating that RA and TLE act both centrally and 
peripherally to achieve pain relief. Most effective doses of RA and TLE showed no detectable relaxant or sedative effects in the 
rota-rod test. RA at 100 mg/kg significantly suppressed carrageenan-induced paw edema at 3, 4, 5, and 6 h, while all doses of 
TLE significantly decreased paw edema at 4, 5, and 6 h after carrageenan injection. These results indicate that RA and TLE 
exerted anti-inflammatory action during the second phase of inflammation. Both RA and TLE showed significant activity against 
PGE2-induced paw edema. The reduction of PGE2- induced paw edema could explain, at least in part, the inhibitory effects of 
RA and TLE in the acetic acid-induced writhing and formalin tests. RA at 100 mg/kg effectively inhibited cotton pellet-induced 
granuloma formation which indicated that RA has anti-inflammatory activity in the chronic phase of inflammation. An acute 
toxicity assessment confirmed the safety of all doses of RA and TLE used in the study. Taken together, these results show that 
RA and TLE possess both central and peripheral antinociceptive activity. The analgesic mechanisms of action of RA and TLE are 
most likely involved with the opioid pathway. RA and TLE have anti-inflammatory effects against acute and chronic inflammation. 
The anti-inflammatory mechanisms of action of RA and TLE are partly due to direct blockage of prostaglandin receptors. The 
antinociceptive and anti-inflammatory effects of TLE are partly resulted from its main constituent, rosmarinic acid. These data 
provide a basis for the rational use of RA and T. laurifolia for treatment of pain and inflammatory disorders. 
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CHAPTER I 
INTRODUCTION 

 
Background and Rational 

Pain is a subjective experience, hard to define exactly. Pain can affect all areas 
of a person’s life including sleep, thought, emotion and activities of daily living. 
Additionally, pain is the most common symptom prompting patients to seek medical 
attention and is reported by more than 80% of individuals who visit their primary care 
provider. Despite the frequency of pain symptoms, individuals often do not obtain 
satisfactory pain relief. This has led to recent initiatives in health care to make pain the 
fifth vital sign (O’Neil, 2010).   

Inflammation is an important protective response, designed to get rid of the 
organism of both the initial cause of cell injury (e.g., microbes, toxins) and the 
consequences of such injury (e.g. necrotic cells and tissues). Without inflammation 
infection would go unchecked, and injured tissues might remain permanent festering 
sores. Sometimes mechanisms designed to destroy foreign invaders and necrotic 
tissues have an intrinsic ability to injure normal tissues. When it is inappropriately 
directed against self-tissues or is not adequately controlled, it becomes the cause of 
injury and disease such as rheumatoid arthritis, atherosclerosis and fibrosis, as well as 
life-threatening hypersensitivity reactions to insect bites, drugs and toxins. Therefore, 
great attention is given to the damaging consequences of inflammation (Kumar, Abbas 
and Fausto, 2005). 

  Pain and inflammation are major problems in the general population that affect 
lifestyle and health. Many analgesic and anti-inflammatory drugs are available for 
treating these symptoms, but these drugs can cause adverse effects when used for long 
term treatment. Therefore, there is considerable interest in discovery and development 
of new analgesic and anti-inflammatory drugs from natural sources with high efficacy 
and low side effects.  
   Nonopioid analgesics, including acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs), are generally used for mild to moderate pain. Nonopioid 
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analgesics relieve various types of acute and chronic pain (e.g., trauma, postoperative, 
cancer and arthritis pain) and are especially effective for certain types of somatic pain 
(e.g., muscle and joint pain, inflammatory pain, and postoperative pain; Berry et al., 
2006). Adverse effects of NSAIDs include gastrointestineal problem, bleeding, kidney 
dysfunction and hypersensitivity reactions. 

Opioid analgesics, such as morphine, fentanyl and meperidine, are 
recommended for moderate to severe pain that does not respond to nonopioid 
analgesics alone. Opioid analgesics play a major role in the treatment of acute pain 
(e.g., trauma, postperativepain), breakthrough pain, cancer pain, and some types of 
noncancer pain (Berry et al., 2006). These drugs are associated with several adverse 
effects including sedation, confusion, respiratory depression, nausea, vomiting, 
constipation, pruritus, and urinary retention. 

Thunbergia laurifolia Lindl. belongs to the Acanthaceae family and is known in 
Thai as “Rang Chuet” (Chan and Lim, 2006). This plant is commonly used for relief of 
symptoms including pain, inflammation, edema, headache, and excessive thirst, and as 
an antidote for poisons in Thai traditional medicine (นิจศิริ และธวชัชยั, 2547). An aqueous 
extract preparation of T. laurifolia leaves has anticholinergic effects and decreases 
mortality in rats treated with folidol, an organophosphate insecticide (Tejasen and 
Thongthapp, 1980). This extract also has hepatoprotective activity against ethanol-
induced liver injury in vitro and in vivo (Pramyothin et al., 2005). Topical application of 
alcohol and hexane extracts of T. laurifolia leaves also produces anti-inflammatory 
activity, with significant inhibition of carrageenin-induced paw edema in mice 
(Chanrumanee et al., 1998). Subcutaneous administration of an ethanol extract of              
T. laurifolia leaves has also been shown to have antinociceptive and anti-inflammatory 
effects in several animal models (Phosri et al., 2008). However, the active compounds 
responsible for these effects of T. laurifolia leaf extracts have not been determined. 

An ethanolic extract of T. laurifolia leaves was shown to have antioxidant activity 
in a DPPH radical scavenging assay (Suwanchaikasem et al., 2011). TLC bioautography 
used for separation of the bioactive constituents indicated that rosmarinic acid (RA) was 
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responsible for the antioxidant activity (Suwanchaikasem et al., 2011). The antioxidative 
effect of RA is also apparent in its reduction of liver injury induced by D-galactosamine 
(Won et al., 2003). Rosmarinic acid also has an additive effect in treating inflammatory 
diseases such as rheumatoid arthritis due to its free radical-scavenging capacity (Youn 
et al., 2003). The anti-inflammatory activity of RA is mainly attributable to inhibition of 
cyclooxygenase (COX) and lipoxygenase (LOX) activities and complement activation 
(Sahu et al., 1999). In animal models, RA significantly inhibited paw edema induced by 
Bothrops jararacussu snake venom (Ticli et al., 2005) and RA given intraperitoneally 
reduced the number of total exudate cells in a carrageenan-induced pleurisy model, but 
was ineffective on tail-flick latencies in a tail-flick assay in rats (Gamaro et al., 2001). 

Therefore, the aim of the present study was to investigate the effects of orally 
administered RA, a major compound isolated from T. laurifolia leaves, and T. laurifolia 
leaf extract on nociception and inflammation in mice. We also examined the 
mechanisms of actions of RA and T. laurifolia leaf extract underlying these effects. The 
findings may lead to the development of treatment options from natural compounds for 
pain and inflammation.  
 
Purpose of study 
  To investigate the antinociceptive and anti-inflammatory effects of RA and                     
T. laurifolia leaf extract. In addition, the possible mechanisms of actions involved were 
also examined. 
 
Hypothesis 
 RA and T. laurifolia leaf extract have antinociceptive and anti-inflammatory 
effects in various animal models. 
 
Research design  

Experimental Research 
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Expected benefit and application  
  The findings obtained from the present study may eventually lead to the 
development of the novel therapy with minor adverse effects from natural compounds in 
treating pain and inflammation. Furthermore, this study may provide scientific evidence 
to support the use of RA and T. laurifolia leaf extract as the analgesic and anti-
inflammatory agents. 
 
Key words 

Rosmarinic acid  
Thunbergia laurifolia 
Antinociception 
Anti-inflammation   
Hot-plate test 
Acetic acid-induced writhing test 
Formalin test 
Carrageenan-induced paw edema  
Prostaglandin E2-induced paw edema  
Cotton pellet-induced granuloma  
 



CHAPTER II 
LITERATURE REVIEWS 

 
Pain 

The current definition of pain as proposed by the International Association for the 
Study of Pain (IASP) as “an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of such damage” (Merskey 
and Bugduk, 1994).  

Pain can be classified base on pain duration (e.g., acute vs. chronic pain) and 
underlying pathophysiology (e.g., nociceptive vs. neuropathic pain).  
 
Duration of Pain 
Acute pain  

Acute pain is usually elicited by injury to body tissues and activation of 
nociceptive stimuli at the site of local tissue damage. It is generally of short duration and 
remits when the underlying pathologic process has resolved (Turk and Okifuji, 2001).                 
Its biological function is protective, acting as a warning that an external threat is noxious 
or signaling organ malfunction. The pain’s location, radiation, intensity, and duration, as 
well as those factors that aggravate or relieve it, provide essential diagnostic clues. 
Common causes of acute pain include surgery, acute illness, trauma, labor and medical 
procedures. The best way of managing acute pain is to diagnose and treat the cause 
(Greene and Harris, 2008).  
 
Chronic pain 

Chronic pain is usually elicited by an injury but may be perpetuated by factors 
that are both pathologically and physically remote from the originating cause. Chronic 
pain extends for more than 6 months and generally represents low levels of an 
underlying pathologic process that does not explain the presence or extent of the pain 
(Turk and Okifuji, 2001). Chronic pain can be quite variable. Chronic pain is a leading 
cause of disability in the United States. Unlike acute pain, persistent chronic pain usually 
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serves no useful function. The biologic factors that contribute to chronic pain include 
peripheral mechanisms, peripheral-central mechanisms, and central mechanisms 
(Jacobson and Mariano, 2001). Persons with chronic pain may not exhibit the somatic, 
autonomic, or affective behaviors often associated with acute pain. As painful conditions 
become prolonged and continuous, autonomic nervous system responses tend to 
decrease. However, chronic pain often is associated with loss of appetite, sleep 
disturbances, and depression (Grichnick and Ferrante, 1991). 
 
Pathophysiology of Pain 
Nociceptive pain  

Nociceptive pain typically is classified as either somatic pain and visceral pain. 
Somatic pain arises from superficial structures, such as skin, bone, joint, muscle, or 
connective tissue and well localize, constant, aching, or gnawing in character. Whereas 
visceral pain arises from visceral organs such as the large intestine or pancreas and 
poorly localize but is constant and aching in character and is referred to cutaneous sites 
(Foley, 1985). 
 
Neuropathic pain  

The current definition of neuropathic pain (NP) according to the International 
Association for the Study of Pain (IASP) is “pain initiated or caused by a primary lesion 
or dysfunction of the nervous System (Merskey and Bogduk, 1994). Neuropathic pain 
represents unusual and sometimes intractable sensory disturbances associated with 
disease or injury of the peripheral or central nervous system (Jensen et al., 2001). These 
include numbness, paresthesias, and pain. Depending on the cause, few or many axons 
could be damaged, and the condition could be unilateral or bilateral. Causes of 
neuropathic pain can be classified according to the extent of peripheral nerve 
involvement. Conditions that can lead to pain by causing damage to peripheral nerve in 
a single area include nerve entrapment, nerve compression from a tumor mass, and 
various neuralgias such as trigeminal, postherpetic, and post-traumatic ( Vaillancourt 
and Langevin, 1999). Neuropathic pain can vary with the extent and location of disease 
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or injury. There may be allodynia or pain that is stabbing, jabbing, burning, or shooting. 
The pain may be persistent or intermittent. 
 
Nociceptors  

Nociception is defined as "the neural processes of encoding and processing 
noxious stimuli including intense thermal, mechanical, and chemical stimuli are detected 
by a subpopulation of peripheral nerve fibers, called nociceptors. Nociceptors, (also 
called pain receptors), are sensory receptors that are activated by noxious insults to 
peripheral tissues. Structurally, the receptive endings of peripheral pain fibers are free 
nerve endings. These receptive endings, which are widely distributed in the skin, dental 
pulp, periosteum, meninges, and some internal organs, translate the noxious stimuli into 
action potentials that are transmitted by a dorsal root ganglion to the dorsal horn of 
spinal cord. The cell bodies of nociceptors are located in dorsal root ganglia (DRG) for 
the body and the trigeminal ganglia for the face and have both a peripheral and central 
axonal branch that innervates their target tissue and the spinal cord, respectively.  

Nociceptive action potentials are transmitted through two types of afferent nerve 

fibers: myelinated A fibers and unmyelinated C fibers (Kandel et al., 2000; Bear et al., 

2001; Berne and levy, 2000; Guyton and Hall, 2005). The larger A fibers have 
considerably greater conduction velocities, transmitting impulses at rate of 6 to 30 
m/sec. The C fibers are the smallest of all peripheral nerve fibers; they transmit impulses 

at the rate of 0.5 to 2.5 m/sec (Guyton and Hall, 2005). Pain conducted by A fibers 
traditionally is called fast pain or first pain (sharp or bright pain) and typically is elicited 
by mechanical or thermal stimuli. C fiber pain often is described as slow-wave pain or 
second pain because it is slower in onset and longer in duration. It typically is incited by 
chemical stimuli or by persistent mechanical or thermal stimuli (Figure 1). 

Unlike other sensory receptors, nociceptors respond to several forms of 
stimulation, including mechanical, thermal, and chemical. Some receptors respond to a 
single type of stimuli (mechanical or thermal) and others, called polymodal receptors, 
respond to all three types of stimuli (mechanical, thermal, and chemical; Kandel et al., 

http://en.wikipedia.org/wiki/Noxious_stimuli
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2000). Therefore, the membranes of nociceptors contain ion channels that are activated 
by these types of stimuli. Mechanical stimuli can arise from intense pressure applied to 
skin or from the violent contraction or extreme stretch of muscle. Both extremes of heat 
and cold can stimulate nociceptors. Chemical stimuli arise from a number of sources, 
including tissue trauma, ischemia, and inflammation.  

A wide range of chemical mediators are released from injured and inflamed 
tissues, including hydrogen and potassium ions, prostaglandins, leukotrienes, 
histamine, bradykinin, acetylcholine, and serotonin (Figure 2; Guyton and Hall, 2005). 
These chemical mediators produce their effects by directly stimulating nociceptors or 
sensitizing them to the effects of nociceptive stimuli: perpetuating the inflammatory 
responses that lead to the release of chemical agent that act as nociceptive stimuli or 
increase the response to nociceptive stimuli. For example, bradykinin, histamine, 
serotonin, and potassium activate and also sensitize nociceptors (Cross, 1994; Julius 
and Basbaum; 2001; McHugh and McHugh, 2000). 
 

                                     
 
 
 
 

Figure 1 The first pain sensation registered by noxious stimulation is mediated by 

myelinated A fibers. The second, longer-lasting pain sensation is mediated by 
unmyelinated C fibers (Bear et al., 2001) 
                                         

           Time  

 Noxious stimuli 
 

      Pain 
     intensity 

 

Aδ fibers C fibers 
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Figure 2 Chemical mediators of injured and inflamed tissues (Bear et al., 2001). 
             
Mechanisms of pain  

Nociception refers to the process by which information about tissue damage is 
conveyed to the central nervous system (CNS). As with other forms of somatosensation, 
the pathways are composed of first-, second- and third-order neurons. The first order 
neurons and their receptive endings detect stimuli that threaten the integrity of 
innervated tissues. Second-order neurons are located in the spinal cord and process 
nociceptive information. Third-order neurons project pain information from the thalamus 
to the somatosensory cortex where the perception and subjective meaning of pain take 
place. The thalamus and somatosensory cortex integrate and modulate pain as well as 
the person’s subjective reaction to the pain experience (Nestler et al., 2001; Porth and 
Sommer, 2009). The process of pain pathway consists of 4 steps, including 
transduction, transmission, Modulation and perception (Figure 3). 
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Figure 3 Mechanisms of the nociceptive circuit (Ferrante and VadeBoncouer, 1993).                                                                  
 
Transduction  

Transduction is the process by which noxious stimuli are translated into a 
nociceptive impulse at peripheral receptor sites called nociceptors. Nociceptors are 
sensory receptors that are preferentially sensitive to tissue trauma. (Merskey and 
Bugduk,1994). These receptors are the free endings of (primary afferent) nerve fibers 
distributed throughout the periphery (Figure 5). Signals from these nociceptors travel 
primarily along two fiber types: slowly conducting unmyelinated C-fibers and small, 

myelinated, and more rapidly conducting A-fibers (Figure 4).  
Injury to tissue causes cells to break down and release various tissue 

byproducts and mediators of inflammation (e.g., prostaglandins, substance P, 
bradykinin, histamine, serotonin, and cytokines; Byers and Bonica, 2001; Meyer et al., 
1994). Some of these substances activate nociceptors (e.g., cause them to generate 
nerve impulses) and most sensitize nociceptors (e.g., increase their excitability and 
discharge frequency) (Woolf, 1989; Costigan and Woolf, 2000). Ongoing activation of 
nociceptors may cause nociceptive pain. Peripheral (nociceptor) sensitization amplifies 
signal transmission and thereby contributes to central sensitization and clinical pain 
states (Woolf, 1993).  
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Figure 4 A simplified schema of a spinal nerve and the different types of fibers 
contained therein. (DC; dorsal columns, STT; spinothalamic tract; Terman and Bonica, 
2001) 
 
Transmission  

Transmission is the process by which nociceptive impulses are sent to the 

dorsal horn of spinal cord via nerve pathways (primary sensory afferents, the faster A-
fibers and the slower C-afferent nerve fibers) toward the brain. The primary afferent 
neurons, nociceptive pain fibers synapse in various layers of the dorsal horn in spinal 
cord, releasing a variety of neurotransmitters, including glutamate, substance P and 
aspartate. Their axons terminate in the dorsal horn of spinal cord, where they have 
connections with many spinal neurons. In turn, spinal neurons have input from many 
primary afferents. These spinal neurons project axons to the contralateral thalamus, 
which in turn projects to the somatosensory pathway, frontal cortex, and other areas. 
The somatosensory cortex is thought to be involved in the sensory aspects of pain, such 
as the intensity and quality of pain, whereas the frontal cortex and limbic system are 
thought to be involved with the emotional responses to it (Berry et al. 2006; Baumann 
and Strickland, 2008). 
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 Modulation  
Modulation is the process of dampening or amplifying these pain-related neural 

signals. Modulation of nociceptive transmission occurs at multiple (peripheral, spinal, 
supraspinal) levels. Yet, historically, modulation has been viewed as the attenuation of 
dorsal horn transmission by descending inhibitory input from the brain. Melzack and 
Wall’s Gate Control Theory brought this notion to the forefront in 1965 (Melzack and 
Wall, 1965). Models of descending pain systems now include both inhibitory and 
facilitory descending pathways. 

Multiple brain regions contribute to descending inhibitory pathways (Terman and 
Bonica, 2001). Nerve fibers from these pathways release inhibitory substances (e.g., 
endogenous opioids, serotonin, norepinephrine, GABA) at synapses with other neurons 
in the dorsal horn (DH). These substances bind to receptors on primary afferent and/or 
DH neurons and inhibit nociceptive transmission. Such endogenous modulation may 
contribute to the wide variations in pain perception observed among patients with similar 
injuries (Fields, 1987; Basbaum and Fields, 1984; Hammond, 1986). 
 
Pain perception 

The perception of pain is an uncomfortable awareness of some part of the body, 
characterized by a distinctly unpleasant sensation and negative emotion best described 
as threat. Both cortical and limbic system structures are involved (Chapman, 2001). 
Nociceptive information from some dorsal horn projection neurons travels via the 
thalamus to the contralateral somatosensory cortex (Figure 5; Terman and Bonica, 
2001), where input is somatotopically mapped to preserve information about the 
location, intensity, and quality of the pain (Guilbaud et al., 1994; Covington, 2000). The 
thalamus relays other nociceptive input to the limbic system. This input joins input from 
the spinoreticular and spinomesencephalic tracts to mediate affective aspects of pain 
(Fields, 1987). Immediate social and environmental context influences the perception of 
pain, as do past experience and culture. Consequently, a standard cause of pain (e.g., 
surgery) can generate enormous individual differences in pain perception. 
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Figure 5 Multiple pathways of nociceptive transmission for the spinal cord to central 
structures. There are four major pathways the A; spinoreticular, B; spinothalamic, C; 
spinomesencephalic, and D; spinohypothalamic tracts (Chapman and Nakamura, 
1999). 
 

The gate theory of pain    
 Various theories have tried to integrate the anatomical pain pathway and the 
psychological and neurological components that contribute to the perception of pain. 

The generally accepted model is the “gate control theory” in Figure 6. This was first 
described by Ronald Melzack and Patrick Wall in 1965. They proposed that neuronal 
impulses generated by noxious stimuli are modified in the dorsal horn of the spinal cord 
by a specialized mechanism (“gate”), which can tend to either inhibit or facilitate 
transmission of the pain impulse from peripheral organs to the brain. The gate is not an 
“all-or-none” mechanism, and a balance between opposing factors determines how 
much of the initial impulse is transmitted through it (Green and Harris, 2008). 
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Figure 6 Gate control theory of the transmission of pain impulses (+ excitation;                         
- inhibition; Greene and Harris, 2008). 
 
Neurotransmitters involved in pain 
Opioid receptors and endogenous opioids 
 The important discoveries of stereospecific opioid receptors and endogenous 
opioids further increased our understanding of the biochemical mechanisms involved in 
pain transmission and perception. 
 Several families of endogenous opioids have been classified such as the 
endorphins, enkephalins, and dynorphins. Each family is derived from a distinct 
precursor polypeptide and has a characteristic anatomical distribution. 
 
Other transmitters and mediators  
 Physical or chemical insult can stimulate nociceptors. Inflammation, ischemia or 
other pain-inducing stimuli cause the release of noxious chemicals (e.g. bradykinin, 
histamine, and 5-HT) in the site of injury.  
 Prostaglandins (PGs), although not directly inducing pain, appear to sensitize 
nociceptors to various chemical and pressure stimuli. This explains why NSAIDs, which 
block PG synthesis, are effective analgesics in some situations. 
 Substance P (neurokinin-1), a polypeptide probably released by the small-
diameter c-fibers, is believed to be involved in pain transmission in the dorsal horns of 
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the spinal cord. It is probably not the actual transmitter, but initiates a series of events 
leading to the recruitment of proinflammatory agent. The latter release mediators, e.g. 
PGs, LTs, 5-HT, and histamine, which stimulate the nerve endings and cause 
sensitization. Sensitization involves a lowering of the trigger threshold, producing 
hyperalgesia. Excitatory amino acid transmitters, e.g. glutamate and aspartate, may also 
be involved. 
 Pain transmission may be blocked if opioid receptors have already been 
occupied by endorphins at the spinal level. If successful in passing through the gating 
mechanisms, and several are probably involved in the total pathway, the pain impulse is 
transmitted via the reticular activating system of the pons and midbrain to the thalamus. 
They are directed to the appropriate part of the cerebral cortex where the impulses are 
perceived as pain. The limbic system, which is anatomically close to these areas, is 
thought to be responsible for the emotional component of pain. Transmission of the pain 
impulse may be modified in the CNS by the presence of 5-HT and other chemical 
mediators (Greene and Harris, 2008). 
 
Pharmacologic Therapy  
Non-narcotic analgesics (acetaminophen, aspirin, and other Nonsteroidal anti-
inflammatory drugs (NSAIDs)) 

Acetaminophen is often selected as initial therapy for mild-to-moderate pain and 
is considered first-line in several pain situations such as low back pain and 
osteoarthritis.  

NSAIDs have analgesic, antipyretic and anti-inflammatory properties. They 
appear to act peripherally at pain receptor level. They are particularly useful in treating 
patients with chronic disease accompanied by both pain and inflammation and for short-
term treatment of mild to moderate acute pain, including musculoskeletal injuries and 
bone pain. Particular indications include the relief of pain accompanying dysmenorrhea, 
and that associated with neoplastic bone metastases, but they are of minimal use in 
neuropathic pain (Griffin and Woolf, 2005; O’Neil, 2010; Greene and Harris, 2008).  
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Mode of action 
Acetaminophen (paracetamol), preferentially reduces central prostaglandin 

synthesis by an uncertain mechanism and blocks pain impulses in the periphery, as a 
result produces analgesia and antipyresis but has relatively little anti-inflammatory 
efficacy. 

NSAIDs inhibit the activity of cyclooxygenase enzymes (COX-1 and COX-2) that 
are necessary for the production of prostaglandins (PGs) which results in reduced 
nociceptors sensitization and the recruitment of leukocytes, which produce other 
inflammatory mediators, and increased pain threshold (Griffin and Woolf, 2005; O’Neil, 
2010). The relatively recent discovery that COX has two isoforms, COX-1 and COX-2. 
COX-1 is constitutively expressed in most normal tissues (O’Neill and Ford-Hutchinson, 

1993), but plays an especially important role in the gastrointestinal (GI) tract, kidneys, 
and platelets; COX-1 primarily produces prostaglandins with beneficial effects (e.g., 
regulation of blood flow to the gastric mucosa and kidneys; Miyoshi, 2001; Griswold and 
Adams, 1996). Activation of COX-1 leads to the formation of autacoids, e.g. protective 
prostacyclins, in the gastric mucosa and vascular endothelium, prostaglandin E2 (PGE2) 
in the kidney and thromboxane A2 (TXA2) in the platelets. In contrast, COX-2 is normally 
not present but may be induced in response to inflammatory stimuli; COX-2 is involved 
in fever, the central modulation of pain and the initiation of uterine contractions and fetal 
expulsion in childbirth, but its physiological roles are not fully defined. COX-2 is mostly 
inducible by cytokines and other pro-inflammatory stimuli that cause an inflammatory 
response (Greene and Harris, 2008). 
 
Side effects 

Acetaminophen is well tolerated at usual dose and has few clinically significant 
drug interactions except causing increased hypoprothrombinemic response to warfarin 
in patients receiving acetaminophen dose of more than 2,000 mg per day. 
Hepatotoxicity has been reported with excessive use and overdose, and risk of this 
adverse effect increases in those with hepatitis or chronic alcohol use, as well as those 
who binge drink or are in fasting state. Regular chronic use of acetaminophen has been 
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associated with chronic renal failure, but reports are conflicting. For these reasons, the 
maximum dose should be reduced by 50% to 75% in patients with renal dysfunction or 
hepatic disease and in those who engage in excessive alcohol use (O’Neil, 2010).  

NSAIDs demonstrated a flat-dose response curve, with higher doses producing 
no greater efficacy than moderate dose but resulting in increased incidence adverse 
effects (e.g., gastrointestinal (GI) irritation, hepatic dysfunction, renal insufficiency, 
platelet inhibition, sodium retention, and CNS dysfunction). NSAIDs are classified as 
nonselective (inhibit COX-1 and COX-2) or selective (inhibit only COX-2) based on 
degree of COX inhibition. COX-2 inhibition is responsible for the anti-inflammatory 
effects, while COX-1 inhibition contributes increased GI and renal toxicity. 

Adverse effects of nonselective NSAIDs as a class include GI problems (such as 
dyspepsia, ulcers, perforation, bleeding, and liver dysfunction), bleeding, kidney 
dysfunction, hypersensitivity reactions, and CNS effects (Max et al., 1999). The 
cardiovascular safety of the COX-2 inhibitor (coxibs) has been questioned due to the 
increased risk of myocardial infarction (MI) and stroke noted in several trials. This 
increased cardiovascular risk has been confirmed by case-control studies. 
Consequently, rofecoxib, valdecoxib and parecoxib have been withdrawn by 
manufacturer. Other coxibs have also produced an increased cardiovascular risk. It has 
been suggested that the basis for these observations is that selective COX-2 inhibitors 
significantly reduce levels of prostacyclin (PGI2), an inhibitor of platelet aggregation, and 
do not affect thromboxane (TXA2), a potent vasoconstrictor) formation by COX-1. There 
is therefore an increased tendency for vascular obstruction (Greene and Harris, 2008; 
O’Neil, 2010). 
 
Opioid analgesics  

Opioids are used to treat moderate to severe pain that does not respond to non-
opioids alone (Max et al., 1999). They are often combined with nonopioids because this 
permits use of lower doses of the opioid (i.e., dose-sparing effect). Opioids play a major 
role in the treatment of acute pain (e.g., trauma, postoperative pain), breakthrough pain, 
cancer pain, and some types of chronic noncancer pain (CNCP; Max et al., 1999). For 
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chronic pain, their use was once highly controversial, however, use of opioids in chronic 
pain is now gaining acceptance. Opioids are classified by their activity at site, usual 
pain intensity treated and duration of action (O’Neil, 2010). 
 
Opioid receptors 

Direct evidence that opioids are recognized by specific receptors came from 
binding studies by Snyder and his colleagues in 1973, though the existence of specific 
antagonists had earlier suggested that such receptors must exist. Various 
pharmacological observations implied that more than one type of receptor was involved, 
the origin suggestion of multiple receptor types arising from in vivo studies of the 
spectrum of actions (e.g., analgesia, sedation, pupillary constriction and bradycardia) 
produced by different drugs. It was also found that some opioids, but not all, were able 
to relieve withdrawal symptoms in morphine dependent animals, and this was 
interpreted in terms of distinct receptor subtypes. The conclusion from these and many 
subsequent pharmacological studies, now confirmed by receptor cloning, is that three 
types of opioid receptor, termed mu, delta and kappa (all of them are typical G-protein-
coupled receptors; Hunter, 2003).  
 
Opioid agonists and antagonists 

Pure agonists (e.g., morphine, pethidine, methadone and fentanyl) include most 
of the typical morphine-like drugs. They all have affinity for mu receptors and generally 
lower affinity for delta and kappa sites. 

Partial agonist (e.g., buprenorphine) can produce a partial response irrespective 
of the concentration, and there may even be a decreased response if the optimum 
concentration is exceeded. They bind with the mu receptor and compete with the 
agonists, both naturally occurring and exogenous. If they are used in combination with a 
complete agonist, they may act as competitive antagonists and level of analgesia may 
be reduced so that they show only limited activity.  
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Mixed agonists-antagonists (e.g., pentazocine, nalbuphine and butorphanol) are 
antagonists at the mu receptor but are still effective as analgesics through agonist 
effects at the kappa receptor, the agonist effect being either complete or partial.  

Pure antagonists are used to reverse respiratory depression post-operatively, to 
treat opioid poisoning (e.g., naloxone) and to prevent relapse in detoxified opioid 
addicts (e.g. naltrexone; Hunter, 2003; Greene and Harris, 2008).  
 
Mode of action  

Opioids bind to opioid receptors in the central nervous system,  inhibit the 
transmission of nociceptive input from the periphery to the spinal cord, activate 
descending inhibitory pathways that modulate transmission in the spinal cord, and alter 
limbic system activity (Duggan and North, 1983; Benedetti, 1979;  Stein, 1995; Reisine 
and Pasternak, 1996). Thus, opioids modify sensory and affective aspects of pain. The 
different actions of opioids (i.e., agonist and antagonist) at various opioid receptors 
(e.g., mu, kappa, and delta) provide one means of classification. In this system, opioids 
are broadly classified as mu agonists or agonist-antagonists. Because experts do not 
recommend use of agonist-antagonists as first-line analgesics (Max et al., 1999). 

Opioid receptors belong to the family of G-protein-coupled receptors and inhibit 
adenylate cyclase, so reducing the intracellular cAMP.  All three receptor subtypes exert 
this effect and they also exert effects on ion channels through a direct G-protein 
coupling to the channel. By these means, opioids promote the opening of potassium 
channels and inhibit the opening of voltage-gated calcium channels, which are the main 
effects seen at the membrane level. These membrane effects reduce both neuronal 
excitability (since the increased K+ conductance causes hyperpolarization of the 
membrane) and transmitter release (owing to inhibition of Ca2+ entry; Hunter, 2003).  
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Side effects  
Binding of mu agonist opioids to receptors in various body regions (e.g., CNS, 

GI tract) results in therapeutic effects and side effects. Side effects of mu agonist 
opioids as a class include sedation, mental clouding or confusion, respiratory 
depression, nausea, vomiting, constipation, pruritus (itching), and urinary retention. With 
the exception of constipation, these side effects tend to subside with time. Sedation and 
nausea are common when initiating therapy and when increasing doses. Nausea can be 
prevented with centrally acting antiemetic. Sedation usually improves with continued 
therapy but might become intractable at high doses, and stimulants such as 
methylphenidate might be needed. Respiratory depression is a serious adverse effect, 
and usually occurs after acute administration in opioid-naïve patients. Tolerance to 
respiratory depression develops rapidly with repeated doses, and respiratory 
depression is rarely a clinically significant problem in pain patients even those with 
respiratory impairment. Constipation is a significant adverse effect which tolerance to 
develop and prophylaxis with stimulant laxatives and stool softeners is recommended 
(O’Neil, 2010). 

Most opioids should be used with caution in patients with impaired ventilation, 
bronchial asthma, liver failure, or increased intracranial pressure (Max et al., 1999). 

Opioid-induced respiratory depression is usually short-lived, antagonized by pain, and 
most common in the opioid-naive patient. 
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Inflammation 
Definition 

The function of an inflammatory reaction is a protective response intended to 
eliminate the initial course of cell injury as well as the necrotic cells and tissues resulting 
from that injury. Excessive inflammation may lead to tissue injury and cause physiologic 
decompensation, organ dysfunction and death. Inflammation is divided into two basic 
patterns, including acute and chronic inflammation (Murphy and Ward, 2005; Kumar, 
Abbas and Fausto, 2005) 
 
Acute inflammation 

Acute inflammation is of relatively short duration, lasting from a few minutes up to 
a few days, and is characterized by the exudation of fluid and plasma components and 
emigration of leukocytes (predominantly neutrophils) into the extravascular tissues. 
(Sherwood and Toliver-Kinsky, 2004; Horton-Szar, 2007).  
 
Cardinal signs of acute inflammation 

The cardinal signs of acute inflammation are redness, heat, swelling and pain, 
described by Celsus in the first century AD. If the injury has been excessive a fifth sign, 
loss of function, may occur, described by Galen in the second century AD (Green and 
Harris, 2008). Acute inflammation involves two major components: vascular and cellular 
response (Murphy and  Ward, 2005; Kumar, Abbas and Fausto, 2005; Chandrasoma 
and Taylor, 1998). Both the vascular and cellular reactions of inflammatory response are 
mediated by chemical factors that are derived from plasma proteins or cell and are 
produced in response by inflammatory stimulus. 
 
Vascular stage 

The vascular response of acute inflammation, which leads to an increase in 
blood flow and changes in the small blood vessels of the microcirculation. 
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Hyperaemia 
An essential function of acute inflammation is to provide an increased blood flow 

to the damaged area, facilitating the transport of agents involved in defence or repair. 
After a brief reflex constriction, and possibly also clotting to minimize local bleeding, the 
local arterioles dilate, flushing the capillary network with blood.  (Figure 7; Green and 
Harris, 2008). 
 

                                             
Figure 7 The major local manifestations of acute inflammation: (1) vascular dilation 
(causing erythema and warmth), (2) extravasation of plasma fluid and proteins (edema), 
and (3) leukocyte emigration and accumulation in the site of injury (Kumar et al., 2002). 

 
The redness and heat associated with inflammation: the rise in local temperature 

is partly the result of an increase in local blood flow and partly of a higher metabolic rate 
in the inflamed area involved some mediators (Table 1). 
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Table 1 Some mediators involved in acute inflammation 

 
Exudation 
 The swelling observed is caused by leakage of blood plasma through the 

vessel wall into the tissue interstitial space, producing swelling, pain, and impaired 
function (Figure 8).  In normal capillaries the hydrostatic pressure of the blood forces 
fluid into the interstitial space. This pressure is partly offset by the oncotic pressure 

exerted by plasma proteins, which are too large to pass through normal capillary walls 

                 Mediator Source Effect 
Vasoactive amines 

 Histamine 

 Serotonin 

 
Mast cells 
Platelets 

 
Vascular dilation 
Vascular leakage 

Platelet activating factor Various WBCs Chemotaxis 
IL-8 Monocytes 

Lymphocytes 
Chemotaxis 

CRP (an ‘acute phase protein’) Liver Opsonization 
Prostaglandins and leukotrienes Phospholipid membrane of 

tissue cells 
Vascular leakage 

Chemotaxis 
Pain 
Anti-inflammatory 

Vasoactive polypeptides Plasma Vascular dilation 
Vascular leakage 

Pain 
Complement Plasma Chemotaxis 

Vascular leakage 

Cell lysis  
Opsonization 

IL; interleukin, CRP; C-reactive protein, WBC; white blood cell. 
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and so are retained in the blood stream. In inflammation this balance is upset. Arterial 
vasodilatation results in an increased capillary hydrostatic pressure and hence an 
increased volume of interstitial fluid into the tissue space, thus increasing tissue oncotic 
pressure and further facilitating the movement of fluid from the blood to the interstitial 
space. A more diffuse vascular leakage from venules distant from the site of injury, 
adding to the exudate volume, is caused by chemical mediators such as histamine, 
bradykinin, nitric oxide and leukotriene B4 (Kumar, Abbas and Fausto, 2005; Horton-
Szar, 2007; Greene and Harris, 2008). 

                

 
Figure 8 Exudation from capillaries (Greene and Harris, 2008). 
 
Cellular stages 

The cellular response of acute inflammation, which leads to emigration of 
leukocytes from the microcirculation and their activation to eliminate the injurious agent. 
The most important leukocyte in acute inflammation is neutrophils. The cellular response 
to inflammation focused on the recruitment of leukocytes from the blood to site of 
infection or injury, and a rapid response also requires the release of chemical mediators 
from tissue cells (mast cells and macrophages) that are prepositioned in the tissues 
(Nathan, 2000). 
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Leukocyte response 
The sequence of stages in the leukocyte responses to inflammation includes 

leukocyte (1) margination and adhesion, (2) emigration, (3) chemotaxis, and (4) 
activation and phagocytosis (Figures 9). During the early stages of the inflammatory 
response, fluid leaves the capillaries, causing an increase in blood viscosity. The 
release of chemical mediators and cytokines affects the capillaries and causes the 
leukocytes to increase their expression of adhesion molecules. As this occurs, the 
leukocytes slow their movement and begin to accumulate along the endothelial surface. 
This process of leukocytes accumulation is called margination. As the leukocytes 
accumulate, they also begin to adhere to the vessel endothelium (Greene and Harris, 
2008). 

                        
Figure 9 The cellular phase of acute inflammation (Porth and Sommer, 2009). 
 

Emigration is a mechanism by which the leukocytes change shape, insert 
pseudopods into the junctions between the endothelial cells, and squeeze through the 
interendothelial junctions by amoeboid movement into the tissue spaces. The emigration 
of leukocytes also may be accompanied by an escape of red blood cells. Once they 
have exited the capillary, the leukocytes wander through the tissue guided by cytokines, 
bacterial and cellular debris, and complement fragments (e.g., C3a, C5a). The process 
by which leukocytes migrate in response to a chemical signal is called chemotaxis 
(Porth and Sommer, 2009). 
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 The next and final stage of the cellular response consists of leukocyte activation 
and elimination of the injurious agent. This is accomplished largely by phagocytosis, a 
process in which activated leukocytes engulf and degrade the bacteria and cellular 
debris. Phagocytosis involves three distinct steps: (1) adherence plus opsonization, (2) 
engulfment, and (3) intracellular killing (Figures 12). Contact of the bacteria or antigen 
with the phagocyte cell membrane is essential for trapping the agent and triggering the 
final steps of phagocytosis. If the antigen is coated with antibody or complement, its 
adherence is increased because of binding to complement. The enhanced binding of 
an antigen due to antibody or complement is called opsonization. Engulfment follows the 
recognition of the agent as foreign. During the process of engulfment, the cytoplasm 
move around and eventually enclose the particle in a membrane-surrounded 
phagosome. The phagosome then fuses with membrane of a lysosome, resulting in the 
formation of a phagolysosome (Porth and Sommer, 2009). 
 Intracellular killing of pathogens by phagocytotic cells is accomplished through 
several mechanisms, including lysosomal enzymes and oxygen-dependent 
mechanisms. The oxygen-dependent mechanisms, which involve the generation of 
reactive oxygen intermediates (free radicals), require a number of metabolic enzymes. 
Individuals born with genetic defects affecting the enzymes needed for generation of the 
reactive oxygen intermediates have increased susceptibility to recurrent bacterial 
infection (Porth and Sommer, 2009). 

                                    
Figure 10 Phargocytosis of a particle (e.g., bacterium): opsonization, attachment, 
engulfment, and intracellular killing (Porth and Sommer, 2009). 
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Inflammatory mediators 
Inflammation is precipitated by injury, its signs and symptoms produced by the 

release of chemicals mediators that stimulate a vascular response that force fluid and 
leukocytes to flow to the site of the injury. Stimulated nerve endings signal the brain that 
there is an injury. Plasma-derived mediators are present in the plasma in precursor 
forms that must be activated, usually by a series of proteolytic enzymes. The cell-
derived mediators are normally sequestered in intracellular granules that need to be 
secreted, or they are newly synthesized in response to a stimulus. The production of 
active mediators is triggered by microbes or host proteins, such as the complement, 
kinins, or coagulation systems; those are themselves activated by microbes or damaged 
tissues (Figure 11). Mediators can act on one target cell or have diverse targets. Once 
activated and released from the cell, most mediators are short-lived. They may be 
transformed into inactive metabolites, inactive by enzymes or otherwise scavenged or 
degraded (Sherwood and Toliver-Kinsky, 2004; Kumar, Abbas and Fausto, 2005; 
Horton-Szar, 2007; Porth and Sommer, 2009; Greene and Harris, 2008).  

         
 
Figure 11 Chemical mediators of inflammation (ECs; endothelial cells; Kumar et al., 
2002). 
 
Plasma-derived mediators of inflammation 

 The plasma is the source of three major mediators of inflammation, including the 
kinins, the products of the coagulation/fibrinolysis system, and the proteins of the 
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complement system (Porth and Sommer, 2009; Greene and Harris, 2008; Kumar, Cotran 
and Robbins, 2003). 

 
Kinin system  
The kinin system generates vasoactive peptide from plasma proteins called 

kininogens, by the action of proteases called kallikreins. The kinin system is stimulated 
by activated coagulation factor XII (The Hageman factor; Figure 12). Activation of kinin 
system results in release of bradykinin. The kinin system, cause increased capillary 
permeability and pain. Both effects are cardinal features of acute inflammation. 
Activation of bradykinin is short lived because it is quickly inactivated by an enzyme 
called kininase.  

         
 
Figure 12 Interrelationships between the four plasma mediator systems triggered by 
activation of factor XII (Hageman factor; Kumar et al., 2002). 

 
The clotting system 
There are two potential inflammatory mediators derived from the clotting system: 

1) Fibrinopeptides (release from fibrinogen molecules by the action of thrombin during 
clotting).  These may induce vascular leakage and be chemotactic for neutrophils.                
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2) Fibrin degradation products (release during the proteolysis of fibrin by plasmin) may 
well be chemotactic for neutrophils. 

 
The complement system 
The complement system consists of a cascade sequence of plasma proteins is 

made up of more than 20 components that plays an important role in both immunity and 
inflammatory response by (1) causing vasodilation and increasing vascular permeability, 
(2) promoting leukocyte activation, adhesion, and chemotaxis, and (3) augmenting 
phagocytosis. 
 
Cell-derived mediators of inflammation 
 The cell-derived mediators include histamine and serotonin, which are 
preformed and stored in intracellular granules, and arachidonic acid metabolites, 
platelet-activating factors, cytokines, and nitric oxide, all of which are rapidly 
synthesized in response to an appropriate stimulus.  
 
Vasoactive amines (Histamine, 5-Hydroxytryptamine) 

These are preformed inflammatory mediators and so can be rapidly released by 
inflammatory cells. Histamine is widely distributed throughout the body. Preformed 
histamine is found in high concentrations in the mast cell of connective tissues adjacent 
to blood vessels. It is also found in circulating blood platelets and basophils. Preformed 
histamine is present in the granules of mast cells and is released in response to a variety 
of stimuli. Histamine produces dilation of arterioles and increased vascular permeability 
of venules. 

5-Hydroxytryptamine (5-HT or serotonin) is also a preformed vasoactive 
mediator with effects similar to those of histamine. It is present in platelets. Release of 
serotonin (and histamine) from platelets is stimulated when platelets aggregate after 
contact with collagen, thrombin, adenosine diphosphate, and antigen-antibody 
complexes.  
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Arachidonic acid metabolites; Prostaglandins, Leukotrienes, and Lipoxins. 
Arachidonic acid is a 20-carbon unsaturated fatty acid found in phospholipids of 

cell membranes. The release of arachidonic acid from membrane phospholipids by the 
enzymatic action of phospholipases. The synthesis of arachidonic acid mediators 
follows one of two pathways: the cyclooxygenase pathway, which culminates in the 
synthesis of the prostaglandins, and the lipooxygenase pathway, which culminates in 
the synthesis of the leukotrienes (Figures 13).   

Several prostaglandins are synthesized from arachidonic acid through the 
cyclooxygenase pathway. The stable prostaglandins (PGE1 and PGE2) induce 
inflammation and potential the effects of histamine and other mediators. The 
prostaglandins, thromboxane A2 promotes platelet aggregation and vasoconstriction.  

 

                 
 
Figure 13 Biosynthesis of the prostaglandins, thromboxanes and leukotrienes by the 
cyclooxygenase and lipoxygenase pathway (Lüllmann et al., 2000)  

 
Like the prostaglandins, the leukotrienes are formed from arachidonic acid, but 

through the lipoxygenase pathway. The leukotrienes also have been reported to affect 
the permeability of the postcapillary venules, the adhesion properties of endothelial 
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cells, and the chemotaxis and the extravasation of neutrophil, eosinophils and 
monocytes. The leukotrienes LTC4, LTD4, and LTE4, collectively known as the slow 
reacting substance of anaphylaxis (SRS-A), cause slow and prolonged contraction of 
the bronchioles and are important inflammatory mediators in bronchial asthma and 
anaphylaxis. 
 

Platelet-activating factor 
Platelet-activating factor (PAF), a potent inflammatory mediator, is generated 

from a complex lipid stored in cell membranes.  It is synthesized by virtually all 
inflammatory cells, endothelial cells, and injured tissue cells. It cause platelet 
aggregation, primes and enhances the functions of neutrophils and monocytes, and is a 
potent eosinophil chemoattractant. It is also an extremely potent vasodilator; increase 
the permeability of small blood vessels at the site of injury. 
 

Cytokines  
Cytokines are a family of chemical messengers that act over short distances 

(autocrine and/or paracrine) by binding specific receptors on target cell surfaces. 
Cytokines are proteins produced by many cell types, principally activated macrophages 
and lymphocytes that modulate function of other cells. They include the colony-
stimulating factors and the interleukins (IL), interferons (IFN), and Tumor necrosis factor 
(TNF) that are important in the inflammatory response.   

 
Interleukin 1 and Tumor Necrosis Factor 
Although historically associated with cellular immune responses, various 

cytokines, in particular TL-1 and TNF, have additional effects that are important in 
inflammatory responses.  Both IL-1 and TNF are produced by activated macrophages 
(IL-1 can also be synthesized by other cell types), and secretion is stimulated by 
endotoxin, immune complexes, toxins, physical injury, or a variety of inflammatory 
mediators. Both IL-1 and TNF induce endothelial activation with increased expression of 
adhesion molecules, secretion of additional cytokines and growth factors, production of 
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eicosanoids and nitric oxide (NO) and increased endothelial thrombogenicity. TNF also 
causes aggregation and activation of neutrophils and the release of proteolytic enzymes 
from mesenchymal cells, thus contributing to tissue damage. Both cytokine activate 
tissue fibroblasts, resulting in increased proliferation and production of extracellular 
matrix. 
 

Nitric oxide  
Nitric oxide (NO) is a short-lived, soluble, free radical gas which is produced by 

a variety of cells and capable of mediating a bewildering number of effector functions, 
plays multiple roles in inflammation. NO is a potent vasodilator that is released from 
endothelial cells and macrophages. NO causes vascular smooth muscle relaxation via 
cyclic GMP-mediated mechanism resulting in vasodilation at the site of inflammation. It 
is produced by the action of nitric oxide synthase on L-arginine. NO plays an important 
role in the inflammatory response, including smooth muscle relaxation and reduces 
platelet aggregation and adhesion and, serves a regulator of leukocyte recruitment, and 
aids in the killing of microbial agents by phagocytic cells.  
  
Chronic inflammation 
 Chronic inflammation can be considered to be inflammation of longer duration 
(weeks to months to years) in which active inflammation, tissue injury, and healing 
proceed simultaneously. Chronic inflammation is characterized by the following ( Kumar, 
Cotran and Robbins, 2003; Porth and Sommer, 2009). 

(1) Infiltration with mononuclear (chronic inflammatory) cells, including 
macrophages, lymphocytes, and plasma cells.  

(2) Tissue destruction, largely directed by the inflammatory cells. 
(3) Repair, involving new vessel proliferation (angiogenesis) and fibrosis. 

         Characteristic of chronic inflammationis an infiltration by mononuclear cells 
(macrophages) and lymphocytes instead of the neutrophils commonly seen in acute 
inflammation. Chronic inflammation also involves the proliferation of fibroblasts instead 
of exudates. As a result, the risk of scarring and deformity usually is considered greater 
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than in acute inflammation. Agents that evoke chronic inflammation typically are low-
grade, persistent irritants that are unable to penetrate deeply or spread rapidly.  
Immunologic mechanisms are throught to play an important role in chronic inflammation. 
The two patterns of chronic inflammation are a nonspecific chronic inflammation and 
granulomatous inflammation. 
 
Nonspecific chronic inflammation 

Nonspecific chronic inflammation involves a diffuse accumulation of 
macrophages and lymphocytes at the site of injury. Ongoing chemotaxis causes 
macrophages to infiltrate the inflamed sited, where they accumulate owing to prolonged 
survival and immobilization. These mechanisms lead to fibroblast proliferation, with 
subsequent scar formation that in many cases replaces the normal connective tissue or 
the functional parenchymal tissues of the involved structures.  
 
Granulomatous inflammation 

A granulomatous lesion is a distinctive form of chronic inflammation. A 
granuloma typically is a small, 1-2 mm. lesion in which there is a massing of 
macrophages surrounded by lymphocytes. These modified macrophages resemble 
epithelial cells and sometimes are called epithelioid cells. Like other macrophages, 
these epithelioid cells are derived originally from blood monocytes. These types of 
agents have one thing in common: they are poorly digested and usually are not easily 
controlled by other inflammatory mechanisms. The epithelioid cells in granulomatous 
inflammation may clump in a mass or coalesce, forming the multinucleated giant cell 
that attempts to surround the foreign agent. A dense membrane of connective tissue 
eventually encapsulates the lesion and isolates it. These cells are often referred to as 
foreign body giant cells. 

If the reaction is prolonged, healing and repair will often accompany the 
inflammation, rather than follow it. Thus fibroblasts have an important role in chronic 
inflammation, and fibrosis is the main cause of residual damage, as in organization and 
repair.  
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Pharmacological treatment of inflammation  
Although inflammation is a natural response to injury, this process can be 

uncomfortable for patient, especially when there is fever, pain, and swelling. Anti-
inflammatory medication can be given to reduce the inflammatory process and bring 
comfort to the patient. Anti-inflammatory medication stops the production of 
prostaglandins resulting in a decrease in the inflammatory process (Kamienski and 
Keogh, 2006).  

Glucocorticoids are frequently used to suppress inflammation, allergy and 
immune response. Anti-inflammatory therapy is used in many diseases (e.g., rheumatoid 
arthritis, ulcerative colitis, bronchial asthma, severe inflammatory conditions of the eye 
and skin). The powerful anti-inflammatory effects of glucocorticoids rest on their 
capacity to suppress the action of many proinflammatory mediators. Glucocorticoids 
bind to a corticosteroid receptor (CR) and the complex translocates to the nucleus 
where it bind to a glucocorticoid response element (GRE). This complex increases the 
transcription of a number of anti-inflammatory genes and interferes with the binding of 

transcription factors activating protein and NF-B to their response element, this action 
inhibits the production of a range of proinflammatory mediators, including IL-1β and 
TNF-α. Moreover, glucocorticoids also increase synthesis of the polypeptide lipocortin-
1, which inhibits phospholipase A2 and the synthesis of eicosanoids and PAF (Berry et 
al., 2006; Kamienski and Keogh, 2006; Bennett and Brown, 2008). Serious unwanted 
effects of glucocorticoids are unlikely if the daily dose is below the equivalent of 
hydrocortisone 50 mg or prednisolone 10 mg. Unwanted effects generally follow 
prolonged administration of glucocorticoids. The principle adverse effects of chronic 
glucocorticoids administration are Cushing’s syndrome, tendon rupture, 
immunosuppression, peptic ulcer and glaucoma (Bennett and Brown, 2008).  

There are other anti-inflammatory medications that are not chemically the same 
as corticosteroids medication. These are referred to as nonsteroidal anti-inflammatory 
drugs (NSAIDs). However, inhibition of prostaglandin synthesis by NSAIDs attenuates 
rather than abolishes inflammation. Nevertheless, the relatively modest anti-inflammatory 
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actions of the NSAIDs give, to most patients with rheumatoid arthritis, some relief from 
pain, stiffness, but they do not alter the course of the disease (Kamienski and Keogh, 
2006; Neal, 2002). 
 
ANIMAL MODELS  
Antinociceptive activity testing  

There are limitations in the use of human subjects for experimentation on pain 
mechanisms and pathways. Analgesic agents developed for humans have been 
routinely used in a broad range of animal species. Therefore, the basic science of pain 
and the preclinical research on pain treatments essentially depend on nociceptive tests 
that were done on naive animals. A few of the most commonly used methods will be 
described, which may illustrate important aspect of investigations of pain in animals.  

Rodent models of pain have historically played a dominant role in the study of 
pain mechanisms (Negus et al. 2006; Walker et al. 1999). There are many good reasons 
for this, including the practicalities of low cost, simplified ethical concerns, and the 
scientific value of having a large database of prior research to provide context for new 
findings. In rodents, acute nociception is usually assessed using either a noxious heat 
stimulus (e.g., hot plate, tail withdrawal, Hargreaves test) or mechanical stimulus 
(Randall-Selitto test) applied to either a hindpaw or tail. While there are no reported 
quantitative assays to assess acute mechanical nociception in large animals 
 
Hot-plate test  

The hot-plate test was described by Woolfe and Mac Donald in 1944, and it is 
one of the most commonly used models of nociception and analgesia in rodents. The 
hot plate test has been used by many investigators and has been found to be suitable 
for evaluation of centrally acting analgesics.   

This test consists of introducing a rat or mouse into an open-ended cylindrical 
space with a floor consisting of a metallic plate that is heated by a thermode or a boiling 
liquid. A plate heated to a constant temperature produces two behavioral components 

http://www.ncbi.nlm.nih.gov/books/NBK57273/#ch17_r54
http://www.ncbi.nlm.nih.gov/books/n/frpain/ch5/#ch5_r280
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that can be measured in terms of their reaction times including paw licking and jumping. 
Both are considered to be supraspinally integrated responses. 

 As far as analgesic substances are concerned, the paw licking behavior is 
affected only by opioids. On the other hand, the jumping reaction time is increased 
equally by less powerful analgesics such as acetylsalicylic acid or paracetamol, 
especially when the temperature of the plate is 50°C or less. The specificity and 
sensitivity of the test can be increased by measuring the reaction time of the first evoked 
behavior regardless of whether it is paw-licking or jumping.  

The behavior is relatively stereotyped in the mouse but is more complex in the 
rat, which sniffs, licks its forepaws, licks its hind paws, straightens up, stamps its feet, 
starts and stops washing itself, among other things. These behaviors have been labeled 
“chaotic defensive movements”. Furthermore, this test is very susceptible to learning 
phenomena, which result in a progressive shortening of the jumping reaction time 
accompanied by the disappearance of the licking behavior. Thus, the animal may lick 
the paws and then jump during the first test but will jump almost immediately during 
subsequent tests. Similarly, even putting the animals on an unheated plate just once to 
watch the test leads in subsequent tests to a diminution in the reaction time under 
standard conditions with a constant noxious temperature. Finally, reiteration of the test 
once a day or once a week inevitably leads to a progressive decrease in the reaction 
time. In general, these measures are very variable, even within a single laboratory. All 
these factors make this test a very delicate one to use (Le bars et al., 2001).  
 
Writhing test  

In this test is widely used to evaluate both central and peripheral analgesic 
activity. Pain is induced by injection of irritants such phenylbenzoquinone, acetylcholine, 
dilute hydrochloric, acetic acid, bradykinin, adrenaline, adenosine triphosphate, 
potassium chloride, tryptamine, and oxytocin into the peritoneal cavity of mice.  

The intraperitoneal administration of irritating agents that irritate serous 
membrane provokes a very stereotyped of stretching behavior in the mouse and rat 
which is characterized by abdominal contractions, movement of whole body, a wave of 
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constriction and elongation passing caudally along the abdominal wall, sometimes 
accompanied by twisting of the trunk and followed by extension of the hind limbs, and a 
reduction in motor activity and motor coordination. In this test, commonly it is known as 
the “writhing test” (Le bars et al., 2001). These behaviors are considered to be reflexes 
and involved with visceral pain. This test base on acetic acid stimulation of nociceptive 
neurons by liberation of several mediators such as histamine, serotonin, cytokines, and 
eicosanoids especially PGE2 in the peritoneal fluid (Deraedt et al., 1980). In the 
peritoneal fluid of rats which had been injected with acetic acid that appeared the 
considerable increase of PGE and PGF which had been injected with acetic acid and 

disappeared in 90 min. After 90 min the PGE2 level was less than PGF2α. This balance 
between PGEs, which are hyperalgesic, and PGF2α, which has often been shown to be 
a PGE antagonist, could regulate defense mechanisms. Moreover an examination of 
cells collected by washing the peritoneum revealed a large decrease between 15 and 
30 min after injection of the acetic acid suggested that the prostaglandins could be 
produced by neutrophil polynuclear cells but also by destruction of macrophages. 
Various types of prostaglandin biosynthesis inhibitors (non-steroid anti-inflammatory 
agents, non-narcotic analgesics and some monoamine-oxidase inhibitors and 
antioxidants) prevented prostaglandin release (Deraedt et al., 1980).  

 Analgesic activity of the test compound is determined utilizing the number of 
writhes which are counted over an interval of time. Unfortunately, the number of writhes 
decrease spontaneously with time therefore it is impossible to evaluate the duration of 
action of an analgesic on a single animal. Furthermore, the number of cramps is subject 
to a great deal of variability (Le bars et al., 2001).  

The advantage of this method is that it allows for the evidence to be obtained for 
effects produced by weak analgesics. On the other hand, it lacks of specificity because 
positive results are also produced by numerous other substances, including some that 
have no analgesic action, e.g., adrenergic blockers, antihistamines, muscle relaxants, 
monoamine oxidase inhibitors, and neuroleptics (Pearl et al., 1969). Thus, a positive 
result with this test does not necessarily mean there is analgesic activity.  
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The specificity can be improved by undertaking a preliminary rota-rod test to 
detect and eliminate molecules that alter the motor performance of the animal (Pearl et 
al., 1969). Although the writhing test has a poor specificity, it is sensitive and predictive, 
as shown by the correlation between ED50 values obtained in rats using this test and 
analgesic doses in humans (Le bars et al., 2001).  
 
Formalin test  

The formalin test has been proposed as a model for chronic pain (Dubuisson 
and Dennis, 1977). The rodent was injected subcutaneously of dilute formalin into the 
plantar surface of the hind paw, resulting in the animals presented behavioral responses 
such as elevation, licking, biting, or shaking of the injected paw. In the rat and mouse, 
the formalin injections produce a biphasic behavioral response. Two distinct periods of 
high licking activity can be discriminated, an early phase lasting from 0-5 min and a late 
phase lasting from 20 to 30 min after the injection of formalin (Hunskaar and Hole, 1987; 
Rosland et al, 1990). The early phase is related to the direct stimulation of nociceptors 
and is sensitive to local anesthetics, whereas the late phase involves both inflammatory 
mechanisms and central sensitization within the dorsal horn (Tjølsen et al., 1992). 
Hunskaar and Hole (1987) demonstrated that centrally acting analgesics such as 
opioids inhibited the responses in both phases. On the other hand, the nonsteroidal anti-
inflammatory drugs and the steroids inhibited the responses only the late phase. The 
results suggested that the early phase is due to a direct effect on nociceptors and that 
prostaglandins do not play an important role during this phase in contrast to late phase 
that seems to be an inflammatory response with inflammatory pain that can be inhibited 
by anti-inflammatory drugs (Hunskaar and Hole, 1987). This test may allow the 
researchers to dissociate between inflammatory and non-inflammatory pain which is a 
rough classification of analgesics as well as to identify the possible mechanism of 
analgesics between central and peripheral component (Hunskaar and Hole, 1987; 
Shibata et al, 1989; Tjølsen et al., 1992).   
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Anti-inflammatory activity testing 
Inflammatory process involves a series of events that can be elicited by 

numerous stimuli, e.g. infectious agent, ischemia, antigen-antibody interactions, 
chemical, thermal or mechanical injury. Inflammation has different phases: the first 
phase is caused by an increase of vascular permeability resulting in exudation of fluid 
from the blood into the interstitial space, the second one by infiltration of leukocytes from 
the blood into the tissues and the third one by granuloma formation. Accordingly, anti-
inflammatory tests have to be divided into those measuring acute inflammation, 
subacute inflammation and chronic repair processes. 

Pharmacological methods for testing acute and subacute inflammation include 
UV-erythema in guinea pigs, vascular permeability, oxazolone-induced ear edema in 
rats and mice, croton-oil edema in rats and mice, paw edema in rats, pleurisy tests and 
granuloma pouch technique. The proliferative phase is measured by methods for testing 
granuloma formation such as cotton wool granuloma, Glass rod granuloma, and PVC 
sponge granuloma (Vogel, 2008).  
 
Paw edema  

Among many methods used for screening the anti-inflammatory drugs, one of 
the most commonly employed techniques is based on the ability of agents to inhibit the 
edema produced in the hind paw of the rat after injection of a phlogistic agent. Many 
phlogistic agents (irritants) have been used, such as brewer’s yeast, formaldehyde, 
dextran, egg albumin, kaolin or carrageenan.  

The carrageenan-induced edema formation has been accepted as a useful 
phlogistic tool for investigating systemic anti-inflammatory agent and first presented by 
Winter et al., in 1962. The rat paw was elicited by subplantar injection of 0.05 ml of 1% 
carrageenan suspension in saline.  The effect can be measured in several ways. The 
hind limb can be dissected at the talocrural joint and weighted. Usually, the volume of 
the injected paw was measured before and 3 or 6 h after application of the irritant. The 
difference was recorded as volume of edema. The difference of average values 
between treated animals and control groups is calculated for each time interval and 
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statistically evaluated. The difference at the various time intervals gives some hints for 
the duration of the anti-inflammatory effect (Vogel, 2008).  

Carrageenan-induced inflammatory reaction has a biphasic response (Vinegar 
et al., 1969). The early phase (1–2 h) is associated with release of histamine, serotonin 
and kinins, while prostaglandins appear to be the most important mediators in the late 
phase (3–5 h) after intraplantar injection of carrageenan (Di Rosa and Sorrentino, 1968; 
Di Rosa, 1972). The edema at 3 h after the application of carrageenan was considered 
to reach the highest response (Andrade et al., 2007; Kale et al., 2007). The rats have 
been the animal of choice for the study of carrageenan-induced paw edema response 
for many years because it has been fully established. Previous study demonstrated the 
time course pattern in carrageenan-induced mouse paw edema resembles that 
observed in the rat (Levy, 1969; Posadas et al., 2004). The mouse paw edema responds 
to anti-inflammatory drugs that causes a reduction in inflammatory responses. Therefore 
an advantage to using mice rather than rats is the amount of compound needed 
because the difference between the usual rat and mouse weights is between five and 
ten fold (Levy, 1969). Thus, mouse paw oedema has been widely used to test new anti-
inflammatory drug candidates and to study the mechanisms involved in inflammation 
(Posadas et al., 2004). 

 
Cotton pellet-induced granuloma  

The cotton pellet-induced granuloma used for investigated the effect of drugs on 
a chronic inflammation characterized by cellular proliferation and granuloma formation. 
The repair phase of the inflammatory process begins with proliferation of fibroblasts as 
well as multiplication of small blood vessels. Such proliferating cells penetrate the 
exudate producing a highly vascularized reddened mass known as granulation tissue 
(Swingle, 1974).  

The cotton pellet-induced granuloma model has been introduced first by Meier 
et al. in 1950. The rats were implanted subcutaneously of cotton pellets induced 
granuloma formation.  After several days, histologically giant cells and undifferentiated 
connective tissue can be observed besides the fluid infiltration. The amount of newly 
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formed connective tissue can be measured by weighing the dried pellets after removal 
(Vogel, 2008).  
 
Rosmarinic acid 
 Rosmarinic acid (RA) is a water-soluble polyphenolic compound which 
commonly found in substantial sources in the family of Lamiaceae, which has many 
important species such as oregano (Origanum vulgare), thyme (Thymus vulgaris), 
rosmary (Rosmarinus officinalis), holy basil (Ocimum sanctum), sweet basil (Ocimum 
basilicum), perilla or shiso (Perilla frutescens), spearmint (Mentha spicata). Scarpati and 
Oriente in 1958, identified rosmarinic acid for the first time, as a pure compound from 
rosmary (Rosmarinus officinalis). 
  
Phytochemicals 

The structure of rosmarinic acid was elucidated as an ester of caffeic acid and 
3,4-dihydroxyphenyllactic acid in figure 14 (Scarpati and Oriente, 1958).  

                              
Figure 14 Chemical structure of rosmarinic acid (RA; Scarpati and Oriente, 1958). 
 
Pharmacological activities 
Analgesic, anti-inflammatory and antipyretic activity 
.  Rosmarinic acid (RA) suppressed synovitis in murine collagen induced arthritis 
model, this effect may be beneficial for treatment of rheumatoid arthritis. RA was also 
reported to have an additive effect in treating inflammatory diseases due to free radical-
scavenging capacity (Youn et al., 2003). 
 RA isolated from the methanolic extract of Cordia verbenacea significantly 
inhibited paw edema induced by Bothrops jararacussu snake venom and its main 
phospholipase A2 homologs (Ticli et al., 2005) 
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Oral administration of RA inhibits lung injury induced by diesel exhaust particle 
(DEP). DEP enhanced expression of iNOS mRNA and formation of nitrotyrosine and 8-
OHdG in the lung, which was also inhibited by RA. RA inhibits DEP-induced lung injury 
by the inhibition of expression of inflammatory cytokines. Antioxidative activities of RA 
may also contribute to its protective effects (Sanbongi, 2003). 

Topical application of RA on 12-O-tetradecanoylphorbol 13-acetate (TPA)-
induced mouse ear edema showed that RA reduced TPA-induced neutrophil infiltration 
(Osakabe et al., 2004) 

RA inhibited several complement-dependent inflammatory processes including 
paw oedema induced by cobra venom factor (CVF) and ovalbumin/anti-ovalbumin-
mediated passive cutaneous anaphylaxis (Englberger et al., 1988) 

The effect of RA on anti-inflammatory and antinociceptive activities using 
carrageenan-induced pleurisy model and tail-flick assay in rats was determined. RA 
reduced the number of total exudate cells but ineffective on tail-flick latencies (Gamaro 
et al., 2011). 
 
Antiviral activity 
 RA displayed a strong antiviral and anti-inflammatory activity against Japanese 
encephalitis. RA reduced the mortality of mice infected with Japanese encephalitis virus 
(JEV). JEV-infected animals treated with RA caused a significantly decrease (p< 0.001) 
in viral loads and proinflammatory cytokine levels (Swarup et al., 2007).  
 
Hepatoprotective activity 

Oral treatment with RA in perilla extract (PE) reduced liver injury induced by D-
galactosamine and LPS in mouse, through the scavenging of superoxide molecules 
produced by Kupffer cells and inhibition of peroxynitrite formation induced by inducible 
nitric oxide synthase (iNOS) (Osakabe et al., 2002). 
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Neuroprotective activity 
 RA significantly attenuated H2O2-induced reactive oxygen species (ROS) 
generation and apoptotic cell death in human dopaminergic cell line, SH-SY5Y. RA 
effectively suppressed the up-regulation of Bax and down-regulation of Bcl-s and 
stimulated the antioxidant enzyme heme oxygenase-1 (HO-1) associated with the 
protein kinase A (PKA) and phosphatidylinositiol-3-kinase (PI3K) signaling pathway. RA 
should be clinically evaluated for the prevention of neurodegenerative diseases (Lee et 
al., 2008). 
 RA significantly protected neurons against oxidative stress, excitotoxicity and 
ischemia-reperfusion injury. These effects are mediated by the prevention of oxidative 

stress, intracellular Ca2+ overload, c-fos expression, inhibited nuclear factor-B 

translocation and increased peroxisome-activated receptor- expression in SH-SY5Y 
cells not exposed to harmful stimuli (Fallarini et al., 2009). 
 
Anti-angiogenic activity 
 RA inhibited angiogenesis processes including endothelial cell proliferation, 
migration, adhesion and tube formation of human umbilical vein endothelial cells 
(HUVEC) and reduced intracellular reactive oxygen species (ROS)-associated vascular 
endothelial growth factor (VEGF) expression and IL-8 release of endothelial cells (Huang 
and Zheng, 2006).  
 RA has an anti-angiogenic activity to retinal neovascularization in oxygen-
induced retinopathy, 3a mouse model of retinopathy of prematurity, which related to cell 
cycle arrest with increase of p21WAF1 expression. RA significantly inhibited the 
proliferation of retinal endothelial cells in a dose-dependent manner, and inhibited in 
vitro angiogenesis of tube formation; anti-proliferative activity of RA on retinal endothelial 
cells was related to G2/M phase cell cycle arrest in dose-dependent manner (Kim et al., 
2009). 
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Anti-proliferative activity 
RA has been reported to possess anti-proliferative effect suggests that 

proliferative vascular diseases, molecular mechanisms responsible of RA could involve 
in cell cycle arrest in the G0/G1 and G1/S phases (Makino et al., 2000). 
 
Antioxidative activity 
 RA has a strong anti-apoptotic effect against ADR-induced cell death in H9C2 
cardiac muscle cells by inhibiting ROS generation and JNK and ERK activation. RA 
should be viewed as a potential chemotherapeutic that inhibits cardiotoxicity in ADR-
exposed patients (Kim et al., 2005). 
 RA has been isolated from Perilla frutescens Britton var. acuta f. viridis leaves as 
a scavenger in a xanthine/xanthine oxidase system. The scavenging activity of RA was 
significantly higher than that of ascorbic acid (AA) or other phenoliccarboxylic acids. RA 
effectively exhibited antioxidative activity in the biological systems through the 
scavenging of superoxide (Nakamura et al., 1998). 
 
Tyrosinase inhibitor 

Rosmarinic acid and its methyl ester, isolated from the ethyl acetate soluble 
fraction of the methanolic extract of Salvia mittiorrhiza were found to inhibit the oxidation 
of L-tyrosine catalyzed by mushroom tyrosine (Kang et al., 2004). 
 
Anti-allergic activity 
 Orally administered RA from perilla extract (PE) in mice significantly prevented 
the increases in the numbers of eosinophils in bronchoalveolar lavage fluids and around 
murine airways. RA also inhibited the enhanced protein expression of IL-4 and IL-5, and 
eotaxin in the lungs of sensitized mice. RA is an effective intervention for allergic 
asthma, possibly through the amelioration of increases in cytokines, chemokines, and 
allergen-specific antibody (Sanbongi et al., 2004). 
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Metabolism of rosmarinic acid (RA) 
 RA is rapidly eliminated from the blood circulation after intravenous 
administration (t1/2=9 min) and shows a very low toxicity with a LD50 in mice of                         
561 mgkg-1 after intravenous administered (Parnham and Kesselring, 1985). Ritschel et 
al.,1989 showed that intravenously administered RA in mice was distributed in various 
tissues including lung, spleen, heart and liver and topical application of RA to skin of 
mice was absorbed percutaneously and became distributed in skin, blood, bone and 
muscle. These results show that in rats, RA becomes distributed in variety of tissues 
after topical and intravenous administration. 
 Orally administration of RA was excreted in urine as degraded forms contained 
seven metabolites such as trans-caffeic acid 4-O-sulfate, trans-m-coumaric acid 3-O-
sulfate, trans-ferulic acid 4-O-sulfate, trans-caffeic acid,  m-hydroxyphenylpropionic 
acid, trans-m-coumaric acid, and unchanged rosmarinic acid. The metabolites 
attributed to RA could not be found in the bile. Orally administered RA may thus be 
concluded to be excreted in the urine rather than in the bile, with cleavage of ester 
bonds, selective para-dehydroxylation, methylation, and sulfate-conjugation. The 
metabolites, trans-m-coumaric acid 3-O-sulfate, trans-ferulic acid 4-O-sulfate m-
hydroxyphenylpropionic acid, and trans-m-coumaric acid were also found in the 
plasma. (Nakazawa and Ohsawa,1998). Moreover, Baba et al., 2004 reported that the 
main metabolites in urine following orally administered of RA in rats were RA, methyl-
rosmarinic acid, caffeic acid, ferulic acid and m-coumaric acid within 8 h of RA 
administration. RA, methyl-rosmarinic acid and m-coumaric acid were detected in 
plasma, with peak concentrations being reached at 0.5, 1 and 8 h after RA 
administration, respectively. Approximately 83% of the total amount of these metabolites 
was excreted in the period 8-18 h after RA administration (Figure 15). 
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Figure 15 Proposed scheme of possible metabolic fate of rosmarinic acid                
administered orally in rats. (RA; rosmarinic acid, GlcA; glucuronide moiety, Sulf; sulfate 
moiety, Meth; methyl moiety, CAA; caffeic acid, FA; ferulic acid, COA; coumaric acid, 
UGT; UDP-glucuronosyltransferase, COMT; catechol-o-methyltransferase, PST; 
phenolsulfotransferase (Baba et al., 2004). 
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Thunbergia laurifolia Lindl. 
 Thunbergia laurifolia Lindl. is a large woody climber belong to the Acanthaceae 
family, and is known in Thai as “Rang Chuet”  or “รางจืด” (Chan and Lim, 2006).  
 
Local name: rang chuet, rang yen or nam nong. 
 
Common names: Blue trumpet vine, purple allamanda, laurel-leaved thunbergia, laurel 
clock vine (Wagner et al., 1999) 
 
Distribution 

T. laurifolia is native to India (Wagner et al. 1999). Whistler in 2000 reported the 
native range of T. laurifolia in Myanmar (Burma) and Malaysia. 
 
Uses 

Thunbergia laurifolia Lindl. or rang chuet has been traditionally used in 
Southeast Asia for centuries. In Malaysia, the juice of the leaves is said to be efficacious 
in case of menorrhagia. It is also applied to the ears for deafness (Bor and Raizada, 
1982). In Thailand, the leaves and roots of T. laurifolia are medicinal plant that is used 
for detoxification and as the first-aid treatment for several poisoning agents such as 
insecticides, ethyl alcohol, arsenic, and strychnine (นนัทวนัและอรนชุ, 2543). It has also 
been applied for anti-inflammatory and antipyretic effects (วฒุิ, 2540).  

 
Description 

It is a climbing plant with smooth opposed leaves along the stem. The leaves are 
8-10 cm long and 4-5 cm broad, broad-based, narrowing to a pointed tip, usually with 
scalloped lobes towards the base. The flowers are trumpet-shaped, about 5-8 cm in 
diameter, pale blue in color and produced during November-January. The seed pod is 
cone-shaped; Capsules are 1.5 cm wide, with beaks up to 3 cm long in Figure 16 A-C 
(Backer and Bakhuuzen, 1965).  
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Figure 16 Thunbergia laurifolia Lindl. (A); leaves, (B); flower, and (C);fruit 
    
Phytochemical 

The phytochemistry of T. laurifolia leaves has been studied. Iridoid glycosides, 
flavonoids, and phenolic acids are main constituents reported from this plant. 
Kanchanapoom et al. (2002) reported two iridoid glucosides of 8-epi-grandifloric acid 

and 3'-O--glucopyranosyl-stilbericoside isolated from the methanolic extract of the 
aerial part of T. laurifolia with seven glycosides of grandifloric acid, benzyl-β-
glucopyranoside, (E)-2-hexenyl-β-glucopyranoside,  hexanol-β-glucopyranoside, 
benzyl-β-(2'-O-β-glucopyranosyl)-glucopyranoside, 6,8-di-C-glucopyranosyl apigenin, 
apigenin-7-O-β-D-glucopyranoside. 
  Both flowers and leaf materials of T. laurifolia  have also been found to contain 

other bioactive phenolic constituents including delphinidin 3:5-di-O-β-D-
glucopyranoside, apigenin, apigenin-7-O-β-D-glucopyranoside and chlorogenic acid 
(Purnima and Gupta, 1978; Thongsaard and Marsden, 2002). The structures of chemical 
components reported for T. laurifolia are shown in Figure 17.  

 

 

 

 (A)     (B)    (C) 
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Figure 17 Structure of chemical constituents reported for Thunbergia laurifolia Lindl. 
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Pharmacological activities 
Analgesic and anti-inflammatory activity 
 The ethanol extract of T. laurifolia were determined using acetic acid-induced 
writhing, formalin-induced hind paw and cotton pellet-induced granuloma in male mice.  
The mechanism of anti-inflammatory activity of extract was investigated using the 
inhibitory effect of extract on the production of proinflammatory mediators in 
lipopolysaccharide (LPS) activate murine macrophage (RAW 264.7). The anti-
inflammatory activity of T. laurifolia leaf extract may result from the inhibition of NO and 
PGE2 production probably by suppression of the iNOS and Cox-2 mRNA expression 
(Phosri et al., 2008). 
 Anti-inflammatory activity of T. laurifolia extract was investigated in mice using 
carrageenan-induced paw edema. The T. laurifolia extract showed the highest anti-
inflammatory activity with 70% inhibition. T. laurifolia gel was measured by croton oil-
induced ear edema in rats. T. laurifolia gel (40%) exhibited relatively the same efficacy 
as diclofenac gel. Chronic inflammation was investigated by formaldehyde-induced 
arthritis. Orally T. laurifolia extract significantly reduced arthritis within 10 days 
(Pongphasuk et al., 2003). 
 The ethanol extract of T. laurifolia leaves had anti-inflammatory activity. T. 
laurifolia extract significantly reduced paw edema and 30% T. laurifolia gel (30%) 
inhibited ear edema effectively as 1% diclofenac sodium (Charumanee et al., 2001). 
Moreover, anti-inflammatory activity of the methanol extract of T. laurifolia was 
investigated in ear edema in rat. T. laurifolia extract (30%) significantly reduced ear 
edema. T. laurifolia extract at 1 g/kg significantly inhibited paw edema in carrageenan-
induced paw edema (มณเฑียร เปสี และคณะ, 2544). 
 
Antidote activity 

Rats were orally administered T. laurifolia (TL) leaf extract at 125 mg/kg before 
and after administration of 1.2 mg/kg of cadmium chloride solution (CdCl2) 
subcutaneously for 5 days/week for 4 weeks. The leaf extract given to rats orally did not 
reduce the levels of Cd in blood and urine of the rats exposed to cadmium, but 
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prevented histological changes in the kidney. TL leaf extract can protect against Cd 
induced structural damage in rat kidney and also reduce other systemic toxicity 
(Morkmek et al., 2010).  

Orally administration of aqueous T. laurifolia (TL) leaf extract did not affect levels 
of lead in blood and brain of mice given lead (1 g/L) in drinking water at for 8 weeks. 
However, co-treatment with aqueous TL leaf extract at 100 mg/kg or 200 mg/kg body 
weight was found to alleviate adverse effects of lead on learning deficit and memory 
loss, evaluated with water maze swimming test. Further, increased activity of the cell 
death marker enzyme caspase-3 was observed in the brain of mice treated with lead, 
Co-treatment with aqueous TL leaf extract at 100 mg/kg or 200 mg/kg body weight was 
found to restore the levels of caspase-3 activity and maintain total anti-oxidant capacity 
and anti-oxidant enzymes in the brain. TL leaf extract reduced neuronal cell death and 
memory loss caused by lead uptake in mice (Tangpong and Satarug, 2010). 

T. laurifolia was investigated for detoxifying effects on paraquat-induced toxicity 
in rats. It was reported that the rats treated with the plant extract had higher survival 
rates and lower levels of plasma malonaldehyde (Ussanawarong et al., 2000). 
 
Antidiabetic activity 

Hypoglycemic properties of the aqueous leaves extract were evaluated in 
normoglycemic and alloxan-induced diabetic rats. The results showed that a 15-day-
treatment with T. laurifolia extract at 60 mg/ml/day decreased levels of blood glucose in 

diabetic rats. The recovery of some -cells was found in diabetic rats treated with the 
extract, although not completely normal. Alteration of the reproductive system was also 
observed in diabetic rats, but it was not improved by treatment with T. laurifolia extract 
(Aritajat et al., 2004). 

Antiproliferative activity  

 Antiproliferative activity of T. laurifolia leaves on SKBR3 human breast cancer 
cell line using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium (MTT) assay. The 
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extract did not show positive antiproliferative activity (Moongkarndi et al., 2004). 
Moreover, a dried leaf extract of T. laurifolia showed very weak cytotoxic activity against 
BHK and L929 normal cells, and HepG2 and Caco2 cancer cells using MTT assays 
(Oonsivilai et al., 2008).  

Antioxidant activity     

   The aqueous extract of T. laurifolia yielded the highest total phenolic contents, 
free radical scavenging and ferric reducing effects as compared with the ethanol and 
acetone extracts (Oonsivilai et al., 2008). Total phenolic contents and antioxidant 
capacities of the commercial tea of T. laurifolia were significantly lower than those of 
crude material. There is significant difference in antioxidant values between different 
batches of the commercial T. laurifolia tea, suggesting that manufacturing procedures 
have not been standardized (Chan and Lim, 2006; Chan et al., 2011).  
 
Hepatoprotective activity 

Aqueous extract from leaves of Thunbergia laurifolia (TLE) were evaluated for 
hepatoprotective activity in in vitro and in vivo models. TLE increase viability of primary 
cultures of rat hepatocyte treated with ethanol up to 2-3 folds and decreased release of 
alanine transaminase (ALT) and aspartate transaminase (AST). TLE promote rat liver 
recovery after 14 days of ethanol treatment demonstrated by the decrease in severity of 
rat liver injury and the normalization in the levels of HTg, ALT and AST. These results 
suggest that TLE possess hepatoprotective activity against ethanol-induced liver injury 
both in primary cultures of rat hepatocyte and rats (Pramyothin et al., 2005). 

Antimutagenicity activity  

 The aqueous, ethanol, and acetone extracts of T. laurifolia Lindl. or Rang Chuet 
(RC) were assayed for mutagenic and antimutagenic activity by bacterial reverse 
mutagenesis assay. The result indicated that all of three RC extracts exhibited strong 
dose-dependent antimutagenic activity inhibiting 2-aminoanthracene induced 
mutagenesis up to 87% in Salmonella typhimurium TA 98 (Oonsivilai et al., 2007). 
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Antimutagenic effect was also observed in the aqueous extract of T. laurifolia which 
significantly inhibited the induction of micronuclei in polychromatic erythrocytes induced 
by Pueraria mirifica (Saenphet et al., 2005).  
 
Toxicity studies 

In an acute toxicity study, animals were orally administered a single dose of 
three different Rang Chuet extracts such as water, ethanol, and acetone at doses of 
2,000 and 15,000 mg/kg body weight,. An acute toxicity study was performed in both 
sexes of Wistar rats. All three Rang Chuet extracts did not produce mortality or general 
behavior changes and changes in gross morphology of rats’ internal organs, as well as 
histological changes of visceral organs during 14 days of the tested period. The oral 
LD50 of three Rang chuet extracts by using different solvents including water, ethanol, 
and acetone in both sexes of rat were more than 15,000 mg/kg body weight (Posridee et 
al., 2011). 

The chronic toxicity study of T.laurifolia aqueous extract (TLE) was studied in 
Wistar rats. The extract at doses ranging from 20 to 2,000 mg/kg/day for six months, did 
not affect the body weight, food consumption, behavior and general health. TLE did not 
cause any significant gross and histological lesions in the visceral organs of Wistar rats. 
The extract at doses of 1,000 and 2,000 mg/kg/day produced slight alterations of some 
hematological and clinical chemistry parameters of the rats (with in the normal range).  
However, the results suggest that prolonged use of high doses of T. laurifolia aqueous 
extract may affect the hematopoietic system and should be monitored (Chivapat et al., 
2009). Moreover, Visitpongpant et al., 2003 reported that a 28-day repeated dose 
toxicity study of the T. laurifolia aqueous extract at an oral dose of 500 mg/kg revealed 
that the extract did not cause any histological changes of the organs; however, it may 
affect some hematological values and kidney weights. 
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CHAPTER III 
MATERIALS AND MATHODS 

 
EXPERIMENTAL ANIMALS 

Male ICR mice weighing 18-25 g and 25-35 g were used in the experiments. The 
mice were obtained from the National Laboratory Animal Centre, Mahidol University, 
Salaya, Nakhonpathom, Thailand. The animals were housed in the Laboratory Animal 
Unit of the Faculty of Pharmaceutical Sciences, Chulalongkorn University at                 

25±2C, 50-60% humidity, and under a 12/12 h light/dark cycle, with food and water 
provided ad libitum. The mice were kept for one week under laboratory conditions 
before use in experiments. At the end of each experiment, mice were sacrificed by 
carbon dioxide asphyxiation. The experimental protocol was approved by the 
Institutional Animal Care and Use Committee of the Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, Bangkok, Thailand (Appendix A). 

DRUGS AND CHEMICALS  
The following drugs and chemicals were used: normal saline solution                     

(NSS; General Hospital Products Public Co., Thailand), 2% (w/v) Tween 80 solution 
(Srichansahaosoth Co., Thailand), sterile water (SW; General Hospital Products Public 
Co., Thailand), morphine sulfate (MO; Thai FDA), indomethacin (IND; Sigma Chemical 
Co., USA), acetic acid (Merck, Germany), formaldehyde (Merck, Germany),                         

-carrageenan (Sigma Chemical Co., USA), prostaglandin E2 (PGE2; Sigma Chemical 
Co., USA), naloxone (NAL, Sigma Chemical Co., USA), pentobarbitone sodium                       
(Ceva Sante Animale, France), rosmarinic acid (RA) isolated from Thunbergia laurifolia 
(RA; 12.50-150 mg/kg), and T. laurifolia leaf extract (TLE; 500-2500 mg/kg). 

 MO, acetic acid, formaldehyde, -carrageenan, naloxone, pentobarbitone 
sodium, and PGE2 were dissolved in 0.9% NSS. IND and TLE were suspended in 2% 
(w/v) Tween 80 solution. RA was suspended in SW. 

 



 55 

MO and IND were used as the standard analgesic drugs. IND was also used as 
a standard anti-inflammatory drug. The control animals were given with an equivalent 
volume of vehicle via the same route. 

PLANT MATERIAL 
T. laurifolia leaves were collected from Nakhonpathom Province, Thailand, and 

identified by Associate Professor Thatree Phadungcharoen, Department of 
Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, 
Chulalongkorn University. The voucher specimen (SS-0510105) was deposited at the 
Museum of Natural Medicines of the Faculty of Pharmaceutical Sciences, Chulalongkorn 
University.  
 
EXPERIMENTAL METHODS 
Antinociceptive activity testing 
Hot-plate test  

Hot-plate test was conducted according to the method as previously described 
by Woolfe and Macdonald in 1944. Male ICR mice weighing 18-25 g were used and 
divided into groups of 10 animals. Mice were placed on the hot-plate (Harvard 

apparatus, USA; Figure 18) maintained the temperature at 55±0.5C and were confined 
by a Plexiglas wall cylinder with 20 cm diameter and 30 cm height in order to keep the 
animal on the heated surface during testing. On the day of testing, animals were 
randomly assigned to one of seven or eight treatment groups and tested on the hot-
plate for 3 pre-drug baseline trials conducted at 5-10 min intervals. The average of the 
last two pre-drug baseline trials was used as the baseline pre-drug latency measure for 
each animal. Only those animals which had a pretreatment hot-plate latency time less 
than 45 sec were used.  Immediately, after the third baseline trial on the hot-plate, the 
animals were treated with NSS (10 ml/kg) or MO (10 mg/kg) intraperitoneally or 2% 
Tween 80 (10 ml/kg), SW (10 ml/kg), various doses of RA (12.5, 25, 50 100 and 150 
mg/kg) or various doses of TLE (500, 1000, 1500, 2000, 2500 mg/kg) orally. The latency 
to the licking of a hind paw or jumping up from the surface of the hot-plate was 
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determined as the end point and recorded with a stopwatch. If this behavior was not 
observed within 45 sec, the animal was removed from the hot-plate to avoid tissue 
damage. The post drug latency was measured for 7 subsequent trials at 15, 30, 45, 60, 
90, 120 and 240 min after drug administration. 

The time-course of hot-plate latency was expressed as the mean percent 
maximum possible effect (%MPE) according to the following formula: 

 
           % MPE  =  (post drug latency) – (pre-drug latency) 
                  (cut-off time) – (pre-drug latency) 
where the cut-off time was set at 45 sec. 

 
The area of analgesia for the hot-plate assays were obtained from computering 

the area under the corresponding 0-240 min time-course-%MPE curves; area were 
calculated using the trapezoidal rule (Tallarida and Murray, 1987). 

 

                                  
Figure 18 Hot-plate analgesiometer (Harvard apparatus, USA)  

Analysis of the mechanism of antinociceptive action of RA and TLE 
The possible participation of the opioid system in the antinociceptive effect of RA 

and TLE were investigated using the model of mouse hot-plate test. Mice were 
pretreated with intraperitoneal injection of NAL (5 mg/kg), a short-acting opioid receptor 

  100 
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antagonist, 10 min before oral administration of RA (100 mg/kg) or TLE (2000 mg/kg) 
and the hot-plate latencies were measured. 
 
Acetic acid-induced writhing test 

Acetic acid-induced writhing in mice was conducted according to the method as 
previously described by Koster et al. in 1959. Male ICR mice weighing 18-25 g were 
used and divided into groups of 8 animals. On the day of testing, animals were 
randomly assigned to one of seven or eight treatment groups. Mice were pretreated with 
oral administration of 2% Tween 80 (10 ml/kg), IND (10 mg/kg), SW (10 ml/kg), various 
doses of RA (12.5, 25, 50 100 and 150 mg/kg) or various doses of TLE (500, 1000, 1500, 
2000, 2500 mg/kg) 1 h before the intraperitoneal injection of 0.6% acetic acid solution at 
the volume of 10 ml/kg. The animals were then placed in an observation glass cylinder. 
The number of writhes (contraction of the abdominal muscles together with hind limb 
extension; Figure 19) were observed and counted at 5 min intervals for a period of 30 
min after acetic acid administration. Antinociceptive activity was expressed as the 
percentage of inhibition of the writhing response compared with vehicle control group. 
The percentage of inhibition of the writhing response was calculated using the following 
formula: 

 
% Inhibition of writhing response =      Wr (control) – Wr (test) 
                                                                      Wr (control) 
where Wr = the mean number of writhing responses.  
 

                            
Figure 19 Writhing response. 
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Formalin test 
Formalin test was conducted according to the method as previously described 

by Hunskaar and Hole in 1987. Male ICR mice weighing 18-25 g were used and divided 
into groups of 8 animals. Analgesic activity was determined using formalin-induced paw 
licking method. On the day of testing, animals were randomly assigned to one of seven 
or eight treatment groups. A 2.5% formalin solution (20 µL) was injected subcutaneously 
into the plantar surface of the left hind paw of each mouse 1 h after oral administration of 
2% Tween 80 (10 ml/kg), IND (10 mg/kg), SW (10 ml/kg), various doses of RA (12.5, 25, 
50 100 and 150 mg/kg) or various doses of TLE (500, 1000, 1500, 2000, 2500 mg/kg). 
Following the formalin injection, the animals were placed in an observation glass 
cylinder. Time of licking or biting the injected paw were recorded at 0-5 min and 15-30 
min and expressed as the total number of paw licks in the early phase (0-5 min) and the 
late phase (15-30 min) after formalin injection (Figure 20). The percentage of inhibition of 
early and late phases was analyzed using the following formula: 
        
    % Inhibition of paw licking = Time (control) – Time (test) 
                                          Time (control) 
where time = mean time of paw licking (sec). 
 
               

                   
Figure 20 Formalin-induced paw licking. 
 
 

  100 



 59 

Rota-rod test 
 To rule out the possibility of motor impairment or sedation effect of RA and TLE,      
a rota-rod test was performed as previously described by Dunham and Miya in 1957. 
Male ICR mice weighing 18-25 g were used and divided into groups of 8 animals.     
Mice were placed on a horizontal rod (35 mm.) rotating at a speed of 16 rpm (Ugo 
Basile, Italy; Figure 21). Mice capable of remaining on the rotating rod for 60 sec or 
more in three successive trials were selected for the study (Chattopadhyay et al., 2003). 
Each mouse was treated with oral administration of 2% Tween 80 (10 ml/kg), SW                  
(10 ml/kg), RA (100 mg/kg) or TLE (2000 mg/kg) and placed on the rotating rod at 30, 
60, 90, 120 and 240 min after drug administration. The results are expressed as the time 
in second for which the animal remained on the rota-rod (Pearl et al., 1969).  
 

                                
 
Figure 21 Rota-rod test. 
 

Anti-inflammatory activity testing 
Carrageenan-induced paw edema  
 The anti-inflammatory activity of RA and TLE were determined in a mouse model 
of carrageenan-induced paw edema as previously described by Levy in 1969. Male ICR 
mice weighing 18-25 g were used and divided into groups of 8 animals. On the day of 
testing, animals were randomly assigned to one of seven or eight treatment groups. 
Mice were pretreated with oral administration of 2% Tween 80 (10 ml/kg), IND (10 
mg/kg), SW (10 ml/kg), various doses of RA (12.5, 25, 50, 100 and 150 mg/kg) or 
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various doses of TLE (500, 1000, 1500, 2000, 2500 mg/kg). One hour later, 1% 
carrageenan solution at the volume of 50 µL was injected subcutaneously into the 
plantar surface of the left hind paw of each mouse. Paw volume was measured using a 
plethysmometer (Ugo Basile, Italy; Figure 22) before and 1, 2, 3, 4, 5 and 6 h after 
carrageenan injection. Edema was expressed as the mean increase in paw volume 
relative to the control. The percentage inhibition of paw edema was calculated using the 
following formula: 
                           % Inhibition of edema   =      (Vc- Vt) 
                                                                             Vc 
where Vc =  edema volume in the control group; and Vt = edema volume in the test 
group. 
 

                                          
 
Figure 22 Plethysmometer (Ugo Basile, Italy).  
 
Analysis of the anti-inflammatory mechanism of action 

The mechanism of anti-inflammatory activity of RA and TLE were examined using 
a mouse model of PGE2-induced acute inflammation. Mice were pretreated with oral 
administration of 2% Tween 80 (10 ml/kg), IND (10 mg/kg), SW (10 ml/kg), RA                        
(100 mg/kg) or TLE (2000 mg/kg). One hour later, animals were challenged by 
subcutaneous injection of 0.01% PGE2 solution at the volume of 50 µL into the plantar 
surface of the left hind paw (Akkol et al., 2008; Castardo et al., 2008). Paw volume was 

 100 
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measured before and 0.5, 1, 1.5, 2, 3 and 4 h after PGE2 administration. Edema was 
expressed as the mean increase in paw volume relative to the control. The percentage 
of inhibition of paw edema was analyzed using the formula as described above. 
 
Cotton pellet-induced granuloma formation 
 The method was first described by Meier et al., in 1950. Male ICR mice weighing 
25-30 g were used and divided into groups of 8 animals. On the day of testing, animals 
were randomly assigned to one of six treatment groups. Mice were anesthetized with 
pentobarbitone sodium (40 mg/kg). The back skin was shaved and sterile cotton pellets 
(weight = 10±0.5 mg) were implanted into subcutaneous tissue on the back. Animals 
were treated orally with 2% Tween 80 (10 ml/kg), IND (10 mg/kg), SW (10 ml/kg) or 
various doses of RA (50, 100 and 150 mg/kg) once daily for 7 consecutive days. On day 
8, the mice were sacrificed and pellets surrounded with granulomatous tissue were 

removed and dried to constant weight at 60C (Figure 23). The weight of granuloma 
was determined and the percentage of inhibition of granuloma was analyzed using the 
following formula: 
 
% Inhibition of weight of granuloma = Wg (control) – Wg (test) 
                                                                      Wg (control) 
where Wg = mean  weight of granuloma (mg). 

                                      
 
Figure 23 Cotton pellet induced granuloma in mice 
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ACUTE TOXICITY 
Animals employed in the study were observed for 72 hs and morbidity or 

mortality was recorded, if happens, for each group at the end of observation period. 
 
DATA TREATMENT AND STATISTICAL ANALYSIS 
 Results are expressed as the mean±S.E.M. Data were analyzed by Student’s t-
test and one-way analysis of variance (ANOVA) followed by a post-hoc Tukey test for 
multiple comparisons. The minimum level for significance was set at p<0.05.  
 



CHAPTER IV 
RESULTS 

 
HOT-PLATE TEST 

To demonstrate the validity of the hot-plate analgesic testing following drug 
administration, mice received MO (10 mg/kg; i.p.) and were tested during the 
subsequent 240 min period. As expected MO 10 mg/kg significantly (p<0.001) 
increased the hot-plate latency producing an area of analgesia at 15,292±734.84 
%MPE-min compared with that of normal saline solution (NSS) (70.32±230.29 %MPE-
min; Figure 24). 

Initial studies utilizing the hot-plate test in mice to examine the efficacy of 
rosmarinic acid (RA) and T. laurifolia leaf extract (TLE) in producing analgesia. Mice 
were administered orally 2% Tween 80 (10 ml/kg), SW (10 ml/kg), various doses of RA 
(12.5-150 mg/kg), or various doses of TLE (500-2500 mg/kg). RA at doses of 50, 100 
and 150 mg/kg significantly (p<0.001) increased the hot-plate latencies when compared 
to the vehicle group. RA 50 mg/kg significantly (p<0.001 and p<0.01, respectively) 
increased the hot-plate latencies when compared to RA 12.5 and 25 mg/kg. RA 100 
mg/kg significantly (p<0.001, p<0.001, p<0.01, and p<0.01, respectively) increased the 
hot-plate latencies when compared to RA 12.5, 25, 50, and 150 mg/kg. RA 150 mg/kg 
significantly (p<0.001 and p<0.001, respectively) increased the hot-plate latencies 
when compared to RA 12.5 and 25 mg/kg. RA 100 mg/kg appears to be the most 
effective dose as shown in Figure 25. The analgesic peak effects of RA at doses of 50, 
100 and 150 mg/kg were reached within 240, 240 and 30 min after oral administration, 
respectively. Individual time courses of the responses are shown in Figure 27. 

All doses of TLE (500, 1000, 1500, 2000, and 2500 mg/kg) significantly (p<0.05, 
p<0.001, p<0.001, p<0.001, and p<0.001, respectively) increased the hot-plate 
latencies when compared to the vehicle group (Figure 26). TLE 2000 mg/kg significantly 
(p<0.05) increased the hot-plate latencies when compared to TLE 500 mg/kg. The 
analgesic peak effects of TLE at doses of 500, 1000, 1500, 2000, and 2500 mg/kg were 
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reached within 240, 240, 90, 240 and 240 min after oral administration, respectively. 
Individual time courses of the responses are shown in Figure 28. 
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HOT-PLATE TEST 
 

      
 
Figure 24 Area of analgesia (%MPE-min) from 0-240 minutes after intraperitoneal 
administration of normal saline solution (NSS; 10 ml/kg) and morphine sulfate (MO; 10 
mg/kg). N=10 for all groups.  

***p<0.001 significantly different compared to NSS. 
 
 
 

. 
 
 
 
 
 
 

      *** 
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HOT-PLATE TEST 
 

   
    

Figure 25 Area of analgesia (%MPE-min) from 0-240 minutes after oral administration of  
sterile water (SW; 10 ml/kg) and various doses of rosmarinic acid (RA; 12.5-150 mg/kg).  
N=10 for all groups.  
***p<0.001 significantly different compared to SW. 
+++p<0.001 significantly different compared to RA 12.5 mg/kg. 
 ##p<0.01, ###p<0.001 significantly different compared to RA 25 mg/kg. 
%%p<0.01 significantly different compared to RA 50 mg/kg. 
 
 
 
 

   ***+++## 
   

    ***+++###%% 
   

     ***+++### 
   



 67 

HOT-PLATE TEST 
    

    

 

 
Figure 26 Individual time courses of the response (% MPE versus time (min)) after oral administration 
of sterile water (SW; 10 ml/kg) and various doses of rosmarinic acid (RA; 12.5 -150 mg/kg). N=10 for 
all groups.  
 A. SW 10 ml/kg, B. RA 12.5 mg/kg, C. RA 25 mg/kg, D. RA 50 mg/kg, E. RA 100 mg/kg        
 F. RA 150 mg/kg 
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HOT-PLATE TEST 
 

 

      

 
Figure 27 Area of analgesia (%MPE-min) from 0-240 minutes after oral administration of 
2% Tween 80 and various doses of Thunbergia laurifolia leaf extract (TLE; 500-2500 
mg/kg). N=10 for all groups.  

*p<0.05, ***p<0.001 significantly different compared to 2% Tween 80. 
+p<0.05 significantly different compared to TLE 500 mg/kg. 
 

 
 
 
 
 

 ***    *** 

  ***+ 
    *** 

   * 
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HOT-PLATE TEST 
    

 

 
 

Figure 28 Individual time courses of the response (%MPE versus time (min)) after oral administration 
of 2% Tween 80 and various doses of Thunbergia laurifolia leaf extract (TLE; 500-2500 mg/kg). N=10 
for all groups. 
A. 2% Tween 80 10 mg/kg, B. TLE 500 mg/kg, C. TLE 1000 mg/kg, D. TLE 1500 mg/kg,       
E. TLE 2000 mg/kg, F. TLE 2500 mg/kg 
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Analysis of the mechanism of antinociceptive action of RA and TLE 
The possible participation of the opioid system in the antinociceptive effects of 

RA and TLE actions were investigated using the model of mouse hot-plate test. Mice 
were then administered NSS (10 ml/kg; i.p.), NAL (5 mg/kg; i.p.), 2% Tween 80 (10 
mg/kg; p.o.), SW (10 ml/kg; p.o.), RA (100 mg/kg; p.o.), TLE (2000 mg/kg; p.o.) or the 
combination of NAL and RA (5/100 mg/kg) and the combination of NAL and TLE (5/2000 
mg/kg). NAL alone failed to produce significant response when compared to vehicle 
group. RA and TLE at the dose tested produced significant (p<0.001) response when 
compared to the vehicle group. The inclusion of naloxone with RA and TLE significantly 
(p<0.01, p<0.001, respectively) attenuated the analgesic response due to RA and TLE 
indicating the involvement of opioid receptors in the analgesic response produced by 
RA and TLE (Figure 29 and 31). Individual time courses of the responses are shown in 
Figure 30 and 32. 
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HOT-PLATE TEST  
 
 

 
 

Figure 29 Area of analgesia (%MPE-min) from 0-240 minutes after administration of 
sterile water (SW; 10 ml/kg, p.o.), naloxone (NAL; 5 mg/kg, i.p.), rosmarinic acid (RA; 
100 mg/kg, p.o.) and the combination of NAL and RA (5/100 mg/kg).  
N=10 for all groups.  
***p<0.001 significantly different compare to SW. 
###p<0.001 significantly different compare to NAL. 
++p<0.01 significantly different compare to  NAL+RA 100. 
 
 
 
 
 

 

    ***###++ 
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HOT-PLATE TEST 

 
 

 
 
Figure 30 Individual time course of the response (%MPE versus time (min)) after 
administration of sterile water (SW; 10 ml/kg, p.o.), naloxone (NAL; 5 mg/kg, i.p.), 
rosmarinic acid (RA; 100 mg/kg, p.o.) and the combination of NAL and RA (5/100 
mg/kg). N=10 for all groups. 
A. SW 10 ml/kg, B. NAL 5 mg/kg, C. RA 100 mg/kg, D. NAL and RA (5/100 mg/kg). 
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HOT-PLATE TEST 
 

 

 

 
Figure 31 Area of analgesia (%MPE-min) from 0-240 minutes after administration of                  
2% Tween 80 (10 mg/kg; p.o.), naloxone (NAL; 5 mg/kg, i.p), Thunbergia laurifolia leaf 
extract (TLE; 2000 mg/kg, p.o.) and the combination of NAL and TLE (5/2000 mg/kg).  
N=10 for all groups.  

***p<0.001 significantly different compare to 2% Tween 80. 
##p<0.01 significantly different compare to NAL. 
+++p<0.001 significantly different compare to  NAL+TLE 2000. 

 
 
 
 

 

   ***##+++ 
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HOT-PLATE TEST  
 

 
 

 
 
Figure 32 Individual time course of the response (%MPE versus time (min)) after  
administration of 2% Tween 80 (10 ml/kg; p.o.), naloxone (NAL; 5 mg/kg, i.p.), 
Thunbergia laurifolia leaf extract (TLE; 2000 mg/kg, p.o.) and the combination of NAL 
and TLE (5/2000 mg/kg). N=10 for all groups. 
A. 2% Tween 80 10 mg/kg, B. NAL 5 mg/kg, C. TLE 2000 mg/kg, D. NAL and TLE 
(5/2000 mg/kg).  
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ACETIC ACID-INDUCED WRITHING TEST 
Studies then utilized the acetic acid-induced writhing method to examine the 

analgesic efficacy of RA and TLE. Each mouse was administered orally 2% Tween 80 
(10 mg/kg), SW (10 ml/kg), IND (10 mg/kg), various doses of RA (12.5-150 mg/kg) or 
various doses of TLE (500-2500 mg/kg).  

To demonstrate the validity of acetic acid-induced writhing method, IND 10 
mg/kg was used as a positive control. As expected IND significantly (p<0.01) 
decreased writhing response by 60.81% compared with 2%Tween 80. RA at doses of 
50 and 100 mg/kg significantly (p<0.01, p<0.001, respectively) decreased the number 
of writhes induced by acetic acid by 52.05% and 84.53% when compared to the vehicle 
control. RA at 50 mg/kg significantly (p<0.05) decreased the number of writhes when 
compared to RA 12.5 mg/kg. RA at 100 mg/kg significantly (p<0.001) decreased the 
number of writhes when compared to RA 12.5, 25 and 150 mg/kg. RA at doses of 12.5 
and 25 mg/kg significantly (p<0.05) decreased the number of writhes when compared 
to IND. RA at 50 mg/kg showed an antinociceptive activity comparable to that of IND 
(Figure 33). 

TLE at doses of 1000, 1500, 2000 and 2500 mg/kg significantly (p<0.01, 
p<0.001, p<0.001 and p<0.001, respectively) decreased the number of writhes by 
32.11%, 45.04%, 47.81% and 67.89%, respectively when compared to the vehicle 
control. TLE 2500 mg/kg significantly decreased the number of writhes (p<0.001, 
p<0.05, respectively) when compared to TLE 500 and 1000 mg/kg. TLE 1500 and 2000 
mg/kg significantly (p<0.05) decreased the number of writhes when compared to TLE 
500 mg/kg. TLE 500, 1000, and 1500 mg/kg significantly (p<0.001, p<0.001, and 
p<0.05, respectively) decreased the number of writhes when compared to IND. IND 
significantly (p<0.001) decreased the number of writhes by 71.59% when compared to 
the vehicle control. TLE at 2500 mg/kg showed an antinociceptive activity comparable to 
that of IND (Figure 34). 
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Acetic acid-induced writhing 

 

 
 

Figure 33 Mean number of writhes after oral administration of 2% Tween 80 (10 mg/kg), 
indomethacin (IND; 10 mg/kg), sterile water (SW; 10 ml/kg) and various doses of 
rosmarinic acid (RA; 12.5-150 mg/kg). N=8 for all groups.  
&&p0.01 significantly different compared to 2% Tween 80. 

**p0.01, ***p0.001 significantly different compared to SW. 
#p<0.01 significantly different compared to IND 10 mg/kg. 
+p<0.05, +++p<0.001 significantly different compared to RA 12.5 mg/kg. 
%%%p0.001 significantly different compared to RA 25 mg/kg. 
$$p0.001 significantly different compared to RA 150 mg/kg. 
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  Acetic acid-induced writhing  
 
                  

 
 
 

Figure 34 Mean number of writhes after oral administration of 2% Tween 80 (10 mg/kg), 
indomethacin (IND; 10 mg/kg), and various doses of Thunbergia laurifolia leaf extract 
(TLE; 500 -2500 mg/kg). N=8 for all groups.  

**p0.01, ***p0.001 significantly different compared to 2% Tween 80. 
 #p<0.05, ###p0.001 significantly different compared to IND 10 mg/kg. 
+p<0.05, +++p0.001 significantly different compared to TLE 500 mg/kg 
%%p<0.01 significantly different compared to TLE 1000 mg/kg 
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FORMALIN TEST 
To demonstrate the validity of formalin test following drug administration, mice 

were received MO (10 mg/kg) intraperitoneally or IND (10 mg/kg) orally and observed 
for paw licking in the early phase (0-5 min) and late phase (15-30 min). As expected MO 
significantly (p<0.001) decreased the licking time in both the early and late phases of 
the response by 89.24% and 95.81%, respectively producing mean time spent on paw 
licking of 9.45±1.60 and 5.51±1.18 sec compared with that of NSS (87.80±4.09 and 
131.60±6.59 sec, respectively; Figure 35). IND significantly (p<0.001) reduced the time 
of licking and biting of injected paws during the late phase compared with that of the 
vehicle group (Figure 36-37). However, nociception during the early phase appeared to 
be unaffected by indomethacin.  

Study then utilized the formalin test in mice to examine the efficacy of RA and 
TLE in producing analgesia. Mice were administered orally 2% Tween 80 (10 mg/kg), 
SW (10 ml/kg), IND (10 mg/kg), various doses of RA (12.5-150 mg/kg) or various doses 
of TLE (500-2500 mg/kg). 

RA at 100 mg/kg caused significant inhibition of both phases of formalin-induced 
nociception by 55.36% and 58.76%, respectively compared to the vehicle group 
(p<0.01, p<0.001, respectively). Additionally, RA at 100 mg/kg significantly (p<0.001, 
p<0.001 and p<0.05, respectively) decreased the licking time compared with that of RA 
at doses of 12.5, 25, and 50 mg/kg during the early phase and significantly decreased 
the licking time compared with that of RA at doses of 12.5, 25, 50, and 150 mg/kg 
during the late phase. RA at 150 mg/kg significantly (p<0.05) reduced time spent on 
paw licking and biting during the early phase compared with that of RA at doses of 12.5 
and 25 mg/kg. The reference drug, IND caused significant (p<0.001) inhibition by 
68.42% during the late phase of formalin-induced nociception when compared to the 
vehicle group. The inhibitory effect of RA at 100 mg/kg on formalin-induced nociception 
during the late phase was comparable to that of IND. (Figure 36).  

TLE at 1500 mg/kg significantly (p<0.001) decreased the licking time of both 
phase by 22.29% and 24.97%, respectively compared to the vehicle group. TLE at 2000 
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mg/kg significantly (p<0.001) decreased the licking time of both phases by 28.88% and 
45.84%, respectively compared to the vehicle group. TLE at 2000 mg/kg also 
significantly (p<0.001, p<0.05 and p<0.01, respectively) reduced the licking time during 
the early phase when compared to TLE at doses of 500, 1000 and 2500 mg/kg and 
significantly (p<0.001, p<0.001 and p<0.05, respectively) reduced the licking time 
during the late phase when compared to TLE at doses of 500, 1000 and 1500 mg/kg.   
TLE at 2500 mg/kg significantly (p<0.001) decreased the licking time by 27.65% 
compared to the vehicle group and also significantly (p<0.001 and p<0.01, 
respectively) decreased the licking time compared to TLE at doses of 500 and 1000 
mg/kg during the late phase. IND caused significant (p<0.001) inhibition of the late 
phase of formalin-induced nociception by 44.11% when compared to the vehicle group. 
The antinociceptive efficacy of TLE 2000 mg/kg on formalin-induced nociception during 
the late phase was comparable to that of IND (Figure 37). 
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Formalin test  
 

 
Figure 35 Time spent on paw licking after intraperitoneal administration of 0.9% normal 
saline solution (NSS; 10 ml/kg) and morphine sulfate (MO; 10 mg/kg). N=8 for all 
groups.  
***p<0.001 significantly different compared to normal saline solution. 
 
 
 
 
 
 
 
 
 
 
 

 Early phase 

 Late phase 

    ***    *** 
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Formalin test  
 

       

Figure 36 Time spent on paw licking after oral administration of 2% Tween 80                   
(10 mg/kg), indomethacin (IND; 10 mg/kg), sterile water (SW; 10 ml/kg) and various 
doses of rosmarinic acid (RA; 12.5-150 mg/kg). N=8 for all groups.  
&&&p0.001 significantly different compared to 2% Tween 80. 

***p0.001 significantly different compared to sterile water. 
#p0.05, ###p0.001significantly different compared to RA 12.5 mg/kg. 
+p0.05, ++p0.01, +++p0.001significantly different compared to RA 25 mg/kg. 
%p0.05 significantly different compared to RA 50 mg/kg. 
$p0.05 significantly different compared to RA 150 mg/kg. 
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Formalin test 
 

 
 

Figure 37 Time spent on paw licking after oral administration of 2% Tween 80                     
(10 mg/kg), indomethacin (IND; 10 mg/kg) and various doses of Thunbergia laurifolia 
leaf extract (TLE; 500-2500 mg/kg). N=8 for all groups.  

***p0.001 significantly different compared to 2% Tween 80. 
###p0.001 significantly different compared to TLE 500 mg/kg. 
+p0.05, ++p0.01, +++p0.001 significantly different compared to TLE 1000 mg/kg. 
$p0.05, $$ p0.01significantly different compared to TLE 2500 mg/kg. 

 *** 

 ***###$ 

 ***###+ 

 ***###+$$$ 

 ***###+++ 

      *** 
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ROTA-ROD TEST 
In order to determine the effect of RA and TLE on motor response, mice were 

orally administered SW (10 ml/kg), RA (100 mg/kg), 2% Tween 80, or TLE (2000 mg/kg) 
and tested on the rota-rod apparatus for 5 subsequent trials at 30, 60, 90, 120 and 240 
min after drug administration. The results showed that oral administration of RA at 100 
mg/kg and TLE at 2000 mg/kg did not affect the motor responses of the animals on the 
rota-rod test at all time tested (Figure 38-39). 
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Rota-rod Test  
 

 

.  

 
 

Figure 38 Rota-rod latency of rosmarinic acid (RA; 100 mg/kg) after oral administration 
compared to sterile water (SW; 10 ml/kg). N=8 for all groups.  
 
 
 
 
 
 
 
 
 
 
 

 
 SW 10 ml/kg 

 RA 100 mg/kg 
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Rota-rod Test  
 

 
 
 

Figure 39 Rota-rod latency of Thunbergia laurifolia leaf extract (TLE; 2000 mg/kg) after 
oral administration compared to 2% Tween 80 (10 mg/kg). N=8 for all groups.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 2% Tween 80 

 TLE 2000 mg/kg 
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CARRAGEENAN-INDUCED PAW EDEMA  
Studies then utilized the carrageenan-induced mouse paw edema test to 

examine the anti-inflammatory efficacy of RA and TLE. Each mouse was administered 
orally 2% Tween 80 (10 mg/kg), SW (10 ml/kg), various doses of RA (12.5-150 mg/kg) or 
various doses of TLE (500-2500 mg/kg). 

To demonstrate the validity of the carrageenan-induced mouse paw edema test, 
IND 10 mg/kg was used as a positive control. As expected IND caused a significant 
reduction of hind paw edema at 2, 3, 4, 5 and 6 h after carrageenan administration 
compared to 2% Tween 80 and showed a maximum inhibition of paw edema of 68.29% 
at 4 h. RA at 50 mg/kg produced a significant (p<0.05) decreased in paw edema 
induced by carrageenan and produced an inhibition of paw edema of 51.32% only at 3 
h after carrageenan administration compared with that of sterile water. However, RA 100 
mg/kg significantly (p<0.01, p<0.05, p<0.01 and p<0.05, respectively) decreased paw 
edema at 3, 4, 5 and 6 h compared with that of the vehicle control. The percentage of 
inhibition of RA at 100 mg/kg appears to be sustainable during 3-6 hs after carrageenan 
injection and produced a maximum inhibition of paw edema of 57.04% at 3 h. In 
general, IND appeared to have a superior inhibitory activity on carrageenan-induced 
paw edema compared to RA at all doses used (Table 2). 

All doses of TLE (500, 1000, 1500, 2000, and 2500 mg/kg) significantly 
decreased paw edema during 4-6 hs after carrageenan injection compared to 2% 
Tween 80. TLE at 500 mg/kg produced a significant (p<0.05, p<0.01, and p<0.001, 
respectively) inhibition of paw edema of 35.63%, 32.40% and 38.47%, respectively at 4, 
5, and 6 h compared to 2% Tween 80. TLE at 1000 mg/kg produced a significant 
(p<0.01, p<0.01, and p<0.001, respectively) decrease in paw edema of 36.18%, 
36.79%, and 37.45% , respectively at 4, 5, and 6 h compared to 2% Tween 80. TLE at 
1500 mg/kg produced a significant (p<0.05, p<0.05, and p<0.01, respectively) 
decrease in paw edema of 32.74%, 28.57%, and 35.40% , respectively  at 4, 5, and 6 h 
compared to 2% Tween 80. TLE at 2000 mg/kg produced a significant (p<0.001, 
p<0.001, and p<0.001, respectively) decrease in paw edema of 49.43%, 48.88%, and 
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47.70%, respectively at 4, 5, and 6 h compared to 2% Tween 80 and produced a 
maximum inhibition of paw edema of 49.43% at 4 h. TLE at 2500 mg/kg produced a 
significant (p<0.01, p<0.01, and p<0.001, respectively) decrease in paw edema of 
41.93%, 39.03%, and 40.53%, respectively at 4, 5, and 6 h compared to 2% Tween 80. 
Compared to the vehicle group, IND at 10 mg/kg also caused significant (p<0.001) 
reduction of hind paw edema at 2, 3, 4, 5 and 6 h after carrageenan administration and 
showed a maximum inhibition of paw edema of 74.71% at 4 h. IND appeared to have a 
superior inhibitory activity on carrageenan-induced paw edema compared to TLE at all 
doses used (Table 3). 
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Table 2 Change of edema volume (ml) of oral administration of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), SW (10 ml/kg) and various 
doses of rosmarinic acid (RA; 12.5-150 mg/kg) during 1-6 h after carrageenan administration.   
N=8 for all groups. Inhibition is reported as percentage compared to the vehicle control.  

*p0.05, **p0.01, ***p0.001 significantly different compared to the vehicle control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatments 
(mg/kg) 

Paw edema (ml)±S.E.M. (% inhibition) 

1 h 2 h 3 h 4 h 5 h 6 h 
2% Tween 80 0.1587±0.0159 0.2025±0.0180 0.2075±0.0226 0.2012±0.0165 0.2338±0.0122 0.2500±0.0226 
IND 10 mg/kg 0.1050±0.0154 

(-33.84%) 
0.0800±0.0046*** 

(-60.49%) 
0.0750±0.0093*** 

(-63.86%) 
0.0638±0.0116*** 

(-68.29%) 
0.0938±0.0122*** 

(-59.88%) 
0.0925±0.0113*** 

(-63.00%) 
SW  0.1438±0.0155 0.1650±0.0177 0.1513±0.0186 0.1425±0.0202 0.1813±0.0200 0.1775±0.0194 

RA 12.5 mg/kg 0.0950±0.0176 
(-33.93%) 

0.1363±0.0206 
(-17.39%) 

0.1113±0.0182 
(-26.43%) 

0.1413±0.0226 
(-0.84%) 

0.1350±0.0192 
(-25.54%) 

0.1450±0.0246 
(-18.31%) 

RA 25 mg/kg 0.0888±0.0085 
(-38.25%) 

0.1175±0.0129 
(-28.79%) 

0.1275±0.0092 
(-15.73%) 

0.1325±0.0139 
(-7.02%) 

0.1400±0.0177 
(-22.78%) 

0.1550±0.0185 
(-12.68%) 

RA 50 mg/kg 0.1012±0.0093 
(-29.62%) 

0.1087±0.0085 
(-34.12%) 

0.0738±0.0118* 
(-51.32%) 

0.0738±0.0139 
(-48.21%) 

0.1375±0.0181 
(-24.16%) 

0.1500±0.0239 
(-15.49%) 

RA 100 mg/kg 0.0938±0.0127 
(-34.77%) 

0.1063±0.0100 
(-35.58%) 

0.0650±0.0113** 
(-57.04%) 

0.0650±0.0100* 
(-54.39%) 

0.0875±0.0056** 
(-51.74%) 

0.0925±0.0131* 
(-47.89%) 

RA 150 mg/kg 0.1288±0.0095 
(-10.43%) 

0.1125±0.0096 
(-31.82%) 

0.1025±0.0128 
(-32.25%) 

0.0763±0.0138 
(-46.46%) 

0.1150±0.0089 
(-36.57%) 

0.1050±0.0113 
(-40.85%) 
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Table 3 Change of edema volume (ml) of oral administration of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg) and various doses of 
Thunbergia laurifolia leaf extract (TLE; 500-2500 mg/kg) during 1-6 h after carrageenan administration. N=8 for all groups. Inhibition is reported as 
percentage compared to 2 % Tween 80.  

*p0.05, **p0.01, ***p0.001 significantly different compared to 2% Tween 80. 
Treatments 

(mg/kg) 
Paw edema (ml)±S.E.M. (%inhibition) 

1 h 2 h 3 h 4 h 5 h 6 h 
2% Tween 80 0.1538±0.0096 0.1950±0.01070 0.2063±0.0078 0.2175±0.0122 0.2275±0.0096 0.2438±0.0138 
IND10 mg/kg 0.1125±0.0098 

(-26.85%) 
0.0925±0.0068** 

(-52.56%) 
0.0763±0.0071*** 

(-63.02%) 
0.0550±0.0078*** 

(-74.71%) 
0.0788±0.0079*** 

(-65.36%) 
0.0838±0.0075*** 

(-65.63%) 
TLE 500 mg/kg 0.1138±0.0060 

(-26.01%) 
0.1850±0.0165 

(-5.13%) 
0.1912±0.0190 

(-7.32%) 
0.1400±0.0151* 

(-35.63%) 
0.1538±0.0121** 

(-32.40%) 
0.1500 ±0.0125*** 

(-38.47%) 
TLE 1000 mg/kg 0.1188±0.0100 

(-22.76%) 
0.1800±0.0287 

(7.69%) 
0.1850±0.0212 

(10.32%) 
0.1388±0.0189** 

(36.18%) 
0.1438±0.0235** 

(36.79%) 
0.1525±0.0158*** 

(37.45%) 
TLE 1500 mg/kg 0.1188±0.0055 

(-22.76%) 
0.1850±0.0080 

(-5.13%) 
0.1950±0.0200 

(-5.48%) 
0.1463±0.0135* 

(-32.74%) 
0.1625±0.0131* 

(-28.57%) 
0.1575±0.0114** 

(-35.40%) 
TLE 2000 mg/kg 0.1175±0.0103 

(-23.60%) 
0.1475±0.0185 

(-24.36%) 
0.1363±0.0199 

(-33.93%) 
0.1100±0.0160*** 

(-49.43%) 
0.1163±0.0112*** 

(-48.88%) 
0.1275±0.0139*** 

(-47.70%) 
TLE 2500 mg/kg 0.1200±0.0160 

(-21.98%) 
0.1613±0.0206 

(-17.28%) 
0.1637±0.0238 

(-20.65%) 
0.1263±0.0181** 

(-41.93%) 
0.1387±0.0153** 

(-39.03%) 
0.1450±0.0172*** 

(-40.53%) 
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PROSTAGLANDIN E2-INDUCED MOUSE PAW EDEMA 
The mechanisms of RA and TLE in producing anti-inflammation were examined utilizing 

the PGE2-induced paw edema test. Mice were administered orally 2% Tween 80 (10 mg/kg), SW 
(10 ml/kg), IND (10 mg/kg), various doses of RA (12.5-150 mg/kg) or various doses of TLE (500-
2500 mg/kg) 1 h before injection of PGE2 into the plantar surface of the left hind paw.  

To demonstrate the validity of the PGE2-induced paw edema test, IND                                    
(a cyclooxygenase inhibitor) was used as a positive control. As expected IND at 10 mg/kg 
significantly (p<0.001) decreased paw edema at all time tested (0.5, 1, 1.5, 2, 3, and 4 h) after 
PGE2 administration compared to 2% Tween 80 and showed a maximum inhibition of paw 
edema of 61.08% at 2 h. RA at 100 mg/kg significantly decreased paw edema at all time tested 
(0.5, 1, 1.5, 2, 3, and 4 h; p<0.01, p<0.001, p<0.001, p<0.01, p<0.01, and p<0.001, 
respectively) after PGE2 administration compared to the control group  and showed a maximum 
inhibition of paw edema of 56.98% at 1 h. The anti-inflammatory effect of RA was comparable to 

IND at 1 and 4 h after PGE2 administration (Table 4).  
TLE at 2000 mg/kg significantly decreased paw edema at all time tested (0.5, 1, 1.5, 2, 

3, and 4 h; (p<0.01, p<0.05, p<0.001, p<0.001, p<0.001, and p<0.001, respectively) after PGE2 

administration compared to 2% Tween 80 and showed a maximum inhibition of paw edema of 
76.64% at 2 hr. Compared to the vehicle group, IND at 10 mg/kg also caused significant 
reduction of hind paw edema at all time tested (0.5, 1, 1.5, 2, 3, and 4 h; p<0.01, p<0.05, 
p<0.001, p<0.001, p<0.001, and p<0.001, respectively) and showed a maximum inhibition of 
paw edema of 74.04% at 2 h. The anti-inflammatory effect of TLE was comparable to IND at 0.5 
and 2 h (Table 5).  
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Table 4 Change of edema volume (ml) of oral administration of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), sterile water (SW; 10 ml/kg) 
and rosmarinic acid (RA; 100 mg/kg) during 0.5-4 h after prostaglandin E2 administration.  
N=8 for all groups. Inhibition is reported as percentage compared to the vehicle control.   

**p0.01, ***p0.001 significantly different compared to the vehicle control. 

Treatments 
(mg/kg) 

Paw edema (ml)±S.E.M. (% inhibition) 

0.5 h 1 h 1.5 h 2 h 3 h 4 h 
2% Tween 80 0.1675±0.0077 0.1563±0.0084 0.1588±0.0092 0.1575±0.0094 0.1538±0.0126 0.1338±0.0107 

IND 10 mg/kg 0.0810±0.0164*** 
(-51.64%) 

0.0700±0.0060*** 
(-55.21%) 

0.0650±0.0068*** 
(-59.07%) 

0.0613±0.0067*** 
(-61.08%) 

0.0613±0. 0055*** 
(-60.14%) 

0.0575±.0059*** 
(-57.03%) 

SW 0.1375±0.0084 0.1425±0.0103 0.1200±0.0112 0.0913±0.0101 0.0987±0.0097 0.1175±0.0053 
RA 100 mg/kg 0.0788±0.0058** 

(-42.69%) 
0.0613±0.0081*** 

(-56.98%) 
0.0550±0.0063*** 

(-54.17%) 
0.0513±0.0055** 

(-43.81%) 
0.0425±0.0068** 

(-56.94%) 
0.0525±0.0041*** 

(-55.32%) 
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Table 5 Change of edema volume (ml) of oral administration of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg) and Thunbergia laurifolia 
leaf extract (TLE; 2000 mg/kg) during 0.5-4 h after prostaglandin E2 administration.  
N=8 for all groups. Inhibition is reported as percentage compared to 2% Tween 80. 

*p0.05, **p0.01, ***p0.001 significantly different compared to 2% Tween 80. 

Treatments 
(mg/kg) 

Paw edema (ml)±S.E.M. (% inhibition) 

0.5 h 1 h 1.5 h 2 h 3 h 4 h 
2% Tween 80 

10 mg/kg 
0.1063±0.0091 0.0750±0.0144 0.1025±0.0100 0.0963±0.0091 0.1125±0.0062 0.1175±0.0041 

IND  
10 mg/kg 

0.0700±0.0078** 
(-34.15%) 

0.0375±0.0070* 
(-50.00%) 

0.0288±0.0048*** 
(-71.90%) 

0.0250±0.0054*** 
(-74.04%) 

0.0438±0.0080*** 
(-61.07%) 

0.0400±0.0054*** 
(-65.46%) 

TLE  
2000 mg/kg 

0.0675±0.0056** 
(-36.50%) 

0.0350±0.0042* 
(-53.33%) 

0.0338±0.0063*** 
(-62.15%) 

0.0225±0.00453*** 
(-76.64%) 

0.0325±0.0045*** 
(-71.11%) 

0.0350±0.0038*** 
(-70.21%) 
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COTTON PELLET-INDUCED GRANULOMA FORMATION  
Studies then utilized the cotton pellet-induced granuloma formation test in mice to 

examine the chronic anti-inflammatory efficacy of RA. Each mouse was administered orally 2% 
Tween 80 (10 mg/kg), SW (10 ml/kg), IND (10 mg/kg) or various doses of RA (50-150 mg/kg).  

To demonstrate the validity of the cotton pellet induced-granuloma formation test, IND 
was used as a positive control. As expected IND at 10 mg/kg caused significant (p<0.05) 
inhibitory effect on cotton pellet-induced granuloma formation by 47.13% compared to 2% 
Tween 80. Only RA at 100 mg/kg exerted a significant (p<0.05) inhibitory effect on cotton pellet-
induced granuloma formation by 38.93%, compared to the control group. RA at 100 mg/kg also 
displayed an inhibitory action similar to that of the standard anti-inflammatory drug, IND (Table 
6). 

 
ACUTE TOXICITY 

An acute toxicity study was carried out to evaluate the safety of RA and TLE. No acute 
toxicity or mortality was observed with oral administration of RA and TLE at all doses tested over 
an observation period of 72 h.  
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Table 6 Effect of oral administration of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), sterile water (SW; 10 ml/kg) and various doses of 

rosmarinic acid (RA; 50-150 mg/kg) (for 7 consecutive days) on the weight of granuloma in mice. N= 8 for all groups. *p0.05 significantly different 
compared to the vehicle control. 

Treatments 
(mg/kg) 

Cotton pellet (mg) ± S.E.M. % inhibition 

2% Tween 80  86.9000±7.1073 - 
IND 10 mg/kg 45.9429±7.3702* 47.13 

SW  95.4750±10.1653 - 
RA 50 mg/kg 71.4000±9.8947 25.22 
RA 100 mg/kg 58.3125±5.2141* 38.93 
RA 150 mg/kg 69.9888±7.5498 26.70 
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Table 72 Summary of the effective doses of rosmarinic acid (RA) and Thunbergia laurifolia leaf extract (TLE) in various antinociceptive and  
anti-inflammatory activity testing models. 
 

Treatments 
(mg/kg) 

Antinociceptive Activity Testing Models 
 

Anti-inflammatory Activity Testing Models 
 

Hot-plate test 
 

Writhing test Formalin test Carrageenan-
induced paw 
edema test 

 

PGE2-induced 
paw edema test 

Cotton Pellet-
induced 

granuloma 
formation in mice 

 

 
Early phase 

 
Late phase 

RA 50, 100, 150 50, 100 100 100 50, 100 100 100 
TLE 500, 1000, 

1500, 2000, 
2500 

1000, 1500, 
2000, 2500 

1500, 2000 1500, 2000, 
2500 

500, 1000, 1500, 
2000, 2500 

2000 - 
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CHAPTER V 
DISCUSSION AND CONCLUSION 

 
The antinociceptive and anti-inflammatory effects of rosmarinic acid (RA) 

isolated from an ethanolic extract of Thunbergia laurifolia leaves and Thunbergia 
laurifolia leaf extract (TLE) were evaluated in various animal models.  

The antinociceptive properties of various doses of RA and TLE were studied 
using three laboratory models for assessment of behavioral responses to two different 
types of noxious stimuli including thermal (hot-plate) and chemically (writhing and 
formalin tests)-induced nociception stimuli (Le bars et al., 2001). The involvement of 
opioid receptors in the analgesic effects of RA and TLE were also investigated.   

Firstly, the analgesic effects of RA and TLE were evaluated utilizing the standard 
mouse hot-plate test. The hot-plate test is a well-validated model for detection of 
centrally-acting analgesics, while peripherally-acting analgesics show little to no activity 
in this test. The hot-plate test measures the time taken to show behavioral 
responses including jumping with all four feet or hind paw licking. Both of these 
behaviors are considered to be supraspinal sensory integration responses and are 
thought to involve opioids (Woolfe and MacDonald, 1944; Le Bar et al., 2001). Morphine 
(MO) is commonly used as a reference drug. MO demonstrated a potent analgesic 
effect, indicating the sensitivity of the hot-plate test. RA and TLE were administered 
orally to the animals by suspending in sterile water and 2% Tween 80, respectively. The 
oral administration was chosen in order to imitate the normal consumption of T. laurifolia 
leaves and roots for detoxification of several poisoning agents in Thai traditional 
medicine. 

Results from the hot-plate test indicated that RA at doses of 50, 100, and 150 
mg/kg had significant effects on hot-plate latencies compared to controls, with the 
highest antinociceptive effect at 100 mg/kg. All doses of TLE also had significant effects 
on pain latency compared to controls, with the highest antinociceptive effect at 2000 
mg/kg. These results suggested that both RA and TLE have central analgesic 
effects.The antinociceptive peak response of various doses of RA and TLE were 
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observed at different time points starting from 30-240 min after oral administration. A 
delay effect may partly due to variable absorption of RA and TLE from the 
gastrointestinal tract of rodents.  

The mechanism of antinociceptive action of RA and TLE were further 
investigated using a specific opioid receptor antagonist, naloxone. The antinociceptive 
actions of the most effective doses of RA (100 mg/kg) and TLE (2000 mg/kg) were 
inhibited by naloxone. These results suggest that both RA and TLE have morphine-like 
antinociceptive activity.  

The acetic acid-induced writhing test is used for screening peripheral analgesic 
effect of test compounds and considered to be a visceral pain model (Nakamura et al., 
1983). This test is based on acetic acid stimulation of nociceptive neurons by liberation 
of several mediators such as histamine, serotonin, cytokines, and eicosanoids especially 
PGE2 in the peritoneal fluid (Deraedt et al., 1980). Activation and sensitization of 
peripheral chemosensitive nociceptive receptors by these mediators lead to responses 
of constriction of the abdominal wall and twisting of the trunk followed by extension of 
hind limbs (Vander Wende and Margolin, 1956). These writhing responses are 
associated with development of peripheral inflammation (Kawabata, 2011). The 
nociceptive property of acetic acid may be due to the release of cytokines, including 
TNF-α, interleukin-1β, and interleukin-8 by resident peritoneal macrophages and mast 
cells (Ribeiro et al., 2000). This response can be prevented by various inhibitors of 
prostaglandin biosynthesis including nonsteroidal anti-inflammatory agents, non-
narcotic analgesics, some monoamine oxidase inhibitors and antioxidants prevented 
prostaglandin release (Deraedt et al., 1980).  

Indomethacin (IND), a nonsteroidal anti-inflammatory drug, produced significant 
analgesic response in the acetic acid-induced writhing test. RA at doses of 50 and 100 
mg/kg and TLE at doses of 1000, 1500, 2000, and 2500 mg/kg showed significant 
activity against chemical pain induced by acetic acid, compared to the control group.  
Thus, these data indicated that RA and TLE have antinociceptive effects on 
inflammatory pain. This activity of RA and TLE may be related to reduced liberation of 
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inflammatory mediators or direct blockage of receptors. Several classes of drug 
including adrenergic receptor agonists and muscle relaxants, also effectively inhibit 
writhing (Le bars et al., 2001). However, due to the lack of specificity of this method, 
positive results in the writhing test should be confirmed in other experimental models. 
For this reason, the formalin test was further employed for this purpose. 

The formalin test has been considered as a model of chronic pain (Dubuisson 
and Dennis, 1977). After intraplantar formalin injection, animals display a biphasic 
response consisting of flinching (rapid paw shaking), licking and biting of the injected 
paw (Franklin and Abbott, 1989). The early phase (neurogenic pain) initiates 
immediately after formalin injection and last for 5 minutes. This phase is caused by a 
direct effect of formalin on sensory C-fibers, and is thought to involve substance P, 
glutamate and bradykinin. The late phase (inflammatory pain) initiates 15 min after 
formalin injection and is associated with development of an inflammatory response and 
release of nociceptive mediators including histamine, serotonin, prostaglandins and 
bradykinin (Hunskaar and Hole, 1987). Centrally acting drugs inhibit both phases 
equally, while peripherally acting drugs inhibit only the late phase. Therefore, this test 
can be used to determine the possible mechanism of analgesia (Hunskaar and Hole, 
1987; Shibata et al., 1989; Rosland et al., 1990).  

In the current study, MO and IND were used as reference drugs. MO, a central 
analgesic drug, demonstrated potent analgesic effect in both early and late phases, but 
IND, a peripheral acting drug, demonstrated analgesic effect only in the late phase. RA 
at 100 mg/kg and TLE at doses of 1500 and 2000 mg/kg significantly reduced the time 
spent for paw licking in both phases of formalin-induced nociception. These results from 
the formalin test were in agreement with those obtained from the hot-plate and writhing 
tests, thereby indicating that both RA and TLE act both centrally and peripherally to 
achieve pain relief.  

To exclude possible non-specific disturbances of motor coordination by RA and 
TLE, a rota-rod test was performed. This test is used to evaluate skeletal muscle 
relaxation, convulsions and depression of the central nervous system produced by a 
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test compound. The results of RA and TLE indicated no detectable relaxant or sedative 
effects at the most effective doses of RA (100 mg/kg) and TLE (2000 mg/kg). Therefore, 
the behavioral responses observed in the hot-plate, writhing and formalin tests were not 
due to motor dysfunction, but rather reflected a true antinociceptive effect. 

To assess potential anti-inflammatory action, the effects of RA on the acute and 
chronic phases of inflammation were evaluated in mouse models of carrageenan-
induced paw edema and cotton pellet-induced granuloma formation. The anti-
inflammatory property of TLE was assessed in a mouse model of carrageenan-induced 
paw edema. 

The carrageenan-induced paw edema test is a standard model for assessment 
of anti-inflammatory drugs and is widely used for evaluating the acute anti-inflammatory 
activities of natural compounds (Di Rosa and Willoughby, 1971). Carrageenan-induced 
rat paw edema was first described by Winter et al. in 1962 and carrageenan-induced 
mouse paw edema test was established by Levy in 1969. Since then, the mouse paw 
edema test has been increasingly used to evaluate the anti-inflammatory drug 
candidates (Posadas et al., 2004). Cardinal signs of inflammation (edema, hyperalgesia 
and erythema) develop immediately following subcutaneous carrageenan injection, 
resulting from actions of proinflammatory agents. The oedema at 3 h after the 
application of carrageenan was considered to reach the highest response (Andrade et 
al., 2007; Kale et al., 2007). The inflammatory response resulted from carrageenan can 
be modulated by inhibitors of specific molecules within the inflammatory cascade 
(Morris, 2003). Development of paw edema in mice after carrageenan injection is 
characterized by a biphasic response with involvement of multiple inflammatory 
mediators. The first phase (0-2 h after carrageenan injection) is mainly due to the 
release of pro-inflammatory agents, including histamine, serotonin and bradykinin, from 
damaged tissues; while the second phase of swelling (3-6 h after carrageenan injection) 
may correlate with release of prostaglandins (Di Rosa, 1972). More recently, the second 
phase has also been attributed to involvement of free radicals, nitric oxide and 
cyclooxygenases in the hind paw exudate (Iwata et al., 2010).  
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IND significantly reduced paw edema from 2-6 h (second phase) after 
carrageenan injection. The results are consistent with the previous study which showed 
that IND caused strong inhibition of the second phase without affecting the development 
of the first phase (Vinegar et al., 1969). The effect of IND during the second phase could 
be explained that IND is a cyclooxygenase inhibitor and contributes to the reduction of 
prostaglandins synthesis.  

RA at 100 mg/kg significantly decreased mouse paw edema at 3, 4, 5, and 6 h 
after carrageenan injection. RA at 50 mg/kg had this effect only at 3 h and both RA 
doses ineffective at 1 and 2 h. These results indicated that RA exerted anti-inflammatory 
action during the second phase of inflammation. All doses of TLE showed significant 
reduction of paw edema at 4, 5, and 6 h after carrageenan injection, indicating that TLE 
produced anti-inflammatory effect during the second phase of inflammation. The 
mechanism underlying these anti-inflammatory activities of RA and TLE may therefore 
involve inhibition of the release of inflammatory mediators, such as prostaglandins, in 
local tissue or blockage of prostaglandin receptors.  

Similar results were observed when paw edema was induced by prostaglandin 
E2 (PGE2) according to the method of Akkol et al. (2008) and Castardo et al. (2008). 
PGE2 is generally considered as a key proinflammatory mediator and its role has been 
extensively studied in several inflammatory events. High levels of PGE2 have been found 
in inflammatory exudates, and injection of PGE2 directly into tissue has been shown to 
induce a number of classical signs of inflammation (Cluadino et al., 2006). IND, a 
positive control, significantly inhibited the edematogenic effect of PGE2 from 0.5-4 h after 
PGE2 injection. Both RA and TLE significantly reduced edema induced by PGE2 at the 
same time period after PGE2 injection indicating that these effects were due to direct 
blockage of prostaglandin receptors. These results complement those obtained from 
other models involving inflammatory mediators, including acetic acid-induced writhing 
and formalin licking responses. The reduction of PGE2-induced paw edema could 
explain, at least in part, the inhibitory effect of RA and TLE in acetic acid-induced 
writhing and formalin tests. 
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The cotton pellet-induced granuloma formation test is a common method for 
evaluation of transudative, exudative and proliferative components of chronic 
inflammation because the dried pellet weights correlate well with the amount of 
granulomatous tissue (Swingle and Shideman, 1972). RA at 100 mg/kg effectively 
inhibited cotton pellet granuloma formation, which indicates that RA has anti-
inflammatory activity in the chronic phase of inflammation. An acute toxicity assessment 
confirmed the safety of all doses of RA and TLE used in this study.  

In conclusion, this study shows that RA isolated from an ethanolic extract of T. 
laurifolia leaves and TLE have antinociceptive properties in both central and peripheral 
models of nociception in mice. The analgesic mechanisms of action of RA and TLE are 
most likely involved with the opioid pathway. Moreover, RA showed anti-inflammatory 
properties in acute and chronic inflammation models. The anti-inflammatory 
mechanisms of action of RA and TLE were partly due to direct blockage of 
prostaglandin receptors. RA and TLE demonstrated similar results in all animal models, 
indicating that the antinociceptive and anti-inflammatory effects of TLE were partly 
resulted from its main constituent, rosmarinic acid. Further studies are required to 
understand the mechanisms of action of these effects. However, the results clarify the 
pharmacological actions of RA and TLE and highlight the potential use of these natural 
compounds for alleviating pain and treating inflammatory disorders. 

. 
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FUTURE RESEARCH 
  
The future research could comprise of several objectives as listed below  
(1) To better understand the mechanisms of rosmarinic acid (RA) and T. laurifolia leaf 
extract (TLE) that involved in producing analgesic and anti-inflammatory effects.  
(2) To better characterize the mechanisms of analgesic effects of RA and TLE using 
other opioid antagonists.  
(3) To investigate the anti-inflammatory effect of RA and TLE in other standard 
experimental animal models of chronic inflammation.  
(4) To investigate the potential use of RA and TLE in combination with other analgesics 
or anti-inflammatory drugs.  
(5) To investigate other routes of administration that might be more appropriate and 
enhance the analgesic or anti-inflammatory effects of RA and TLE. 
(6) To elucidate side effects and toxic effects of RA and TLE at high dosage or after 
chronic use.  
 

These studies may provide important clues to help understand the mechanisms 
underlying the analgesic and anti-inflammatory effects of RA and TLE and further 
support the use of such compounds in clinical setting. 
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Antioxidant-guided isolation of rosmarinic acid (RA) 
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Antioxidant-guided isolation of rosmarinic acid (RA) 
The extraction and isolation procedures have already been described by 

Suwanchaikasem et al., 2011. In brief, the dried T. laurifolia leaves (900 g) were 
macerated with 95% ethanol (8 L) at room temperature for 72 h.  The extract was filtered 
and evaporated to dryness at 50 °C in a rotary evaporator. The extraction of the residue 
was repeated using the same conditions, and the two filtrates were combined. The 95% 
ethanolic extract (64.7 5 g) was chromatographied using ion-exchange resin eluted with 
water-acetone, silica gel column eluted with chloroform-methanol-formic acid 
(8.5:1.5:0.5) mixture, sephadex LH-20 with methanol, silica gel column with 
dichloromethane-methanol (7:3) to 100% methanol, respectively. Its structure was 
successfully determined using spectral analysis and NMR techniques. The chemical 
structure of rosmarinic acid. In addition, the structure was confirmed by mass 
spectroscopy using an AB-SCIEX QTRAP 5500 spectrometer. 
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Table 8 Raw data of DPPH-radical scavenging activities of the three “Rang Chuet” 
species. 
 

Extract Concentration 
(µg/ml) 

DPPH-scavenging activity (% ± SD) 

T. laurifolia 

Ethanol 150.00 57.96 ± 5.76 
 100.00 43.29 ± 0.96 
 67.00 40.25 ± 0.98 
 44.00 33.19 ± 3.62 
 30.00 22.30 ± 0.93 
 20.00 28.80 ± 1.79 
Aqueous 150.00 75.30 ± 3.33 
 112.50 60.76 ± 1.45 
 75.00 45.94 ± 2.79 
 50.00 37.74 ± 0.21 
 33.33 29.54 ± 1.81 
 22.22 23.28 ± 3.04 
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Appendix C 
Data of Hot-plate test 

 
 
 
 
 
 
 
 
 
 
 

 



130 
 

Table 9 Latency (sec) in the hot-plate test from 0-240 min after oral administration of sterile water (SW; 10 ml/kg) or various doses of 
rosmarinic acid (RA; 12.5-150 mg/kg). N=10 for all groups.  
 

Treatments 
(mg/kg) 

Baseline 
(sec) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min 

Sterile water 15.82±1.30 16.94±1.94 17.06±1.58 17.10±0.88 15.69±0.87 14.23±1.30 14.74±1.12 17.07±1.9 
RA 12.5 18.29±1.54 18.46±1.86 18.33±1.86 15.80±0.96 14.35±1.62 21.62±1.37 20.47±3.31 20.48±1.84 
RA 25 15.46±0.74 17.12±1.39 16.52±0.93 15.57±1.50 16.10±1.07 16.75±1.16 17.29±1.47 18.33±1.09 
RA 50 13.80±1.38 16.53±2.65 15.57±1.73 17.28±1.73 19.49±2.30 18.26±1.96 22.14±2.05 25.96±2.79 
RA 100 12.39±1.28 23.67±2.21 23.62±2.28 23.16±2.25 24.39±4.12 25.14±2.87 27.17±3.46 28.74±3.72 
RA 150 16.43±1.26 24.00±2.16 24.49±3.17 21.78±3.24 20.58±3.02 24.26±3.14 23.68±1.02 22.68±1.92 
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Table 10 Latency (sec) in the hot-plate test from 0-240 min after oral administration of 2% Tween 80 (10 mg/kg) or various doses of 
Thunbergia laurifolia leaf extract (TLE; 500-2500 mg/kg). N=10 for all groups.  
 

Treatments 
(mg/kg) 

Baseline 
(sec) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min 

2% Tween 80 18.27±1.40 16.16±2.24 15.15±1.61 18.62±1.20 16.80±1.30 16.55±1.33 15.23±1.28 18.32±1.22 
TLE 500 14.50±1.46 17.82±1.61 21.08±2.07 19.86±2.40 21.91±1.41 17.73±1.77 15.97±1.37 22.11±2.01 
TLE 1000 13.50±1.15 18.16±1.62 17.39±1.27 17.85±1.49 20.58±1.66 19.99±1.26 22.75±2.08 24.25±2.23 
TLE 1500 14.29±1.45 17.92±2.41 19.88±1.49 20.72±1.81 19.05±1.40 25.33±1.31 22.46±1.56 24.47±3.11 
TLE 2000 16.06±1.38 17.07±2.23 19.21±1.56 24.09±3.20 25.14±1.97 26.40±2.89 29.10±2.56 29.26±3.31 
TLE 2500 16.87±1.43 23.73±2.96 21.17±1.88 25.67±1.82 20.60±2.10 21.38±3.19 26.21±2.31 31.66±3.28 
 
 
 
 
 

 
131 



132 
 

 
Table 11 %MPE-Time in hot-plate test from 0-240 min after oral administration of sterile water (SW; 10 ml/kg) or various doses of rosmarinic 
acid (RA; 12.5-150 mg/kg). N=10 for all groups.  
 
Treatments 
(mg/kg) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min Area of analgesia 

Sterile water 1.24±5.50 0.65±6.86 -0.36±6.59 -4.78±5.40 -8.80±4.06 -7.27±4.12 2.28±4.69 -756.65±757.58 
RA 12.5 -2.07±9.02 3.29±10.06 -15.24±11.28 -19.89±11.25 9.57±8.12 11.37±10.96 6.95±6.59 800.34±673.19 
RA 25 4.54±6.33 2.55±4.64 -0.82±6.82 2.02±2.66 4.37±2.71 6.22±4.20 8.78±4.91 1263±538.25 
RA 50 10.02±6.31 5.32±4.62 11.37±3.39 11.02±5.78 14.61±4.77 27.33±4.87 38.41±9.37 5621.67±673.32 
RA 100 33.79±5.58 31.99±7.04 33.12±4.15 30.27±16.59 37.03±9.19 46.18±10.81 46.42±12.70 9523.95±987.18 
RA 150 25.03±9.35 31.00±10.83 18.94±11.63 16.55±11.31 29.51±10.69 25.76±3.52 21.97±7.07 5632.59±724.70 
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Table 12 %MPE-Time in hot-plate test from 0-240 min after oral administration of 2% Tween 80 (10 mg/kg) or various doses of Thunbergia 
laurifolia leaf extract (TLE; 500-2500 mg/kg).  N=10 for all groups.  
 

Treatments 
(mg/kg) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min Area of analgesia 

2% Tween 80 -10.42±10.32 -14.36±8.40 -1.72±7.78 -8.80±8.09 -9.58±7.85 -14.99±8.04 -1.67±5.79 -2107.38±1792.84 
TLE 500 9.96±5.56 21.85±5.73 18.54±7.54 24.49±3.03 9.05±7.15 4.05±4.44 24.93±6.11 3377.71±834.25 
TLE 1000 13.04±6.59 11.84±3.07 13.01±4.64 21.36±5.63 19.09±5.41 28.92±6.41 32.52±7.51 5742.16±1396.29 
TLE 1500 11.47±7.44 17.40±4.76 19.83±6.27 13.96±5.89 35.76±3.48 24.87±6.61 32.67±10.06 5942.68±1435.90 
TLE 2000 4.15±6.53 10.59±5.09 29.17±10.85 31.86±5.60 37.17±9.73 45.38±8.08 47.58±10.83 8749.14±1879.47 
TLE 2500 25.94±11.43 14.70±4.82 31.84±3.59 10.31±9.25 19.51±10.22 30.85±9.42 53.90±11.38 7458.60±1628.08 
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Table 13 Latency (sec) in hot-plate test from 0-240 min after administration of naloxone (NAL; 5 mg/kg, i.p.), sterile water (SW; 10 ml/kg, 
p.o.), rosmarinic acid (RA; 100 mg/kg, p.o.) and the combination of NAL and RA (5/100 mg/kg). N=10 for all groups. 
 

Treatments 
(mg/kg) 

Baseline 
(sec) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min 

NAL 
5 mg/kg 

21.60±1.59 16.6520±1.08 16.68±1.35 18.12±2.08 18.88±1.21 19.18±1.26 19.68±1.67 17.13±1.65 

SW 
10 ml/kg 

23.57±1.34 24.04±1.98 20.86±1.42 21.79±1.97 20.87±1.23 20.04±1.29 19.10±1.00 18.58±1.48 

RA 100 mg/kg 16.28±0.80 19.93±1.78 20.83±1.83 21.14±1.93 19.76±1.39 20.14±1.87 23.32±1.20 20.92±1.26 
NAL  + 
RA 100 mg/kg 

17.22±1.11 13.37±0.98 14.85±1.15 15.01±1.10 15.59±0.99 15.93±0.75 15.25±1.11 16.14±0.82 
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Table 14 Latency (sec) in mouse hot-plate test from 0-240 min after administration of naloxone (NAL; 5 mg/kg, i.p.), 2%Tween 80 (10 mg/kg; 
p.o.), Thunbergia laurifolia leaf extract (TLE; 2000 mg/kg, p.o.) or the combination of NAL and TLE (5/2000 mg/kg).  
N=10 for all groups.  

 
 
 

Treatments 
(mg/kg) 

Baseline 
(sec) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min 

NAL 
5 mg/kg 

21.04±1.86 17.82±1.96 17.27±1.74 15.26±1.55 18.17±2.01 18.55±1.64 18.87±1.82 16.87±1.88 

2% Tween 80    
10 mg/kg 

20.83±1.53 19.31±1.56 20.83±1.86 21.70±1.63 20.44±2.49 20.69±1.26 20.57±1.60 19.21±1.54 

TLE 
2000 mg/kg 

19.83±2.19 24.10±1.06 23.94±1.70 22.75±2.66 25.06±2.18 27.20±3.65 28.82±3.80 30.67±2.95 

NAL + 
TLE 2000 mg/kg 

16.65±1.58 10.23±1.21 9.01±1.49 11.68±1.79 13.36±1.66 13.08±1.14 11.08±1.14 14.21±1.17 
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Table 15 % MPE-Time in hot-plate test from 0-240 min after administration of naloxone (NAL; 5 mg/kg, i.p.), sterile water (SW; 10 ml/kg, p.o.), 
rosmarinic acid (RA; 100 mg/kg, p.o.) or the combination of NAL and RA (5/100 mg/kg). N=10 for all groups. 
 

Treatments 
(mg/kg) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min Area of analgesia 

NAL 
5 mg/kg 

-26.30±8.88 -27.33±11.13 -16.79±7.84 -16.72±8.92 -15.80±9.97 -10.85±7.53 -21.40±5.61 -4004.28±1438.78 

SW 10 ml/kg -0.15±8.22 -17.65±10.81 -10.36±6.95 -17.41±8.95 -21.14±9.05 -26.11±8.61 -26.81±6.78 -3141.12±810.27 
RA 
100 mg/kg 

12.51±6.16 15.39±6.79 16.70±6.71 11.59±5.30 13.56±6.22 24.44±3.86 15.84±4.30 4119.94±740.52 

NAL + 
RA 100 mg/kg 

-16.01±7.41 -9.13±3.51 -8.78±4.13 -7.24±5.33 -6.13±5.21 -7.94±4.47 -5.10±4.44 -1757.12±846.32 
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Table 13 %MPE-Time in hot-plate test from 0-240 min after administration of naloxone (NAL; 5 mg/kg, i.p.), 2%Tween 80 (10 mg/kg; p.o.), 
Thunbergia laurifolia leaf extract (TLE; 2000 mg/kg, p.o.) and the combination of NAL and TLE (5/2000 mg/kg).  
N=10 for all groups.  
 

Treatments 
(mg/kg) 

15 min 30 min 45 min 60 min 90 min 120 min 240 min Area of analgesia 

NAL 
5 mg/kg 

-10.11±6.94 -11.42±9.30 -20.68±5.03 -8.75±7.85 -8.87±8.65 -7.91±10.01 -14.41±7.78 -2553.68±1186.09 

2% Tween 80    
10 mg/kg 

-13.52±10.93 -10.12±16.80 -3.76±12.30 -10.30±16.72 -8.71±11.95 -5.77±6.93 -14.68±11.76 -2217.47±2179.96 

TLE 
2000 mg/kg 

3.36±15.85 12.74±5.31 7.81±11.49 11.15±17.72 33.87±11.70 41.32±11.06 43.44±10.68 7330.86±1307.08 

NAL + 
TLE 2000 mg/kg 

-30.74±14.55 -33.82±11.96 -20.89±7.28 -14.15±5.65 -17.27±8.66 -26.92±13.25 -13.14±8.42 -4915.99±2269.43 
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Appendix D 

Data of Acetic acid-induced writhing test 
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Table 14 Dose-response and time-course effect of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), sterile water (SW; 10 ml/kg) and 
various doses of rosmarinic acid (RA; 12.5-150 mg/kg) on acetic acid-induced writhing in mice.  N=8 for all groups.  
 

Treatment(mg/kg) Number of writhes (mean±S.E.M.) Total 
0-5 5-10 10-15 15-20 20-25 25-30 

2% Tween 80 2.75±0.84 8.88±1.64 8.00±1.63 5.25±0.59 6.00±0.87 6.13±1.54 37.00±5.34 
IND 10 0.38±0.14 4.13±1.23 3.75±0.88 3.00±0.63 2.63±0.87 0.63±0.38 14.50±2.67 
SW 10 0.13±0.13 5.63±0.71 9.50±0.96 12.38±1.72 7.50±1.52 4.63±0.78 39.63±3.98 
RA 12.5 1.13±0.35 9.50±0.89 8.75±1.42 7.50±0.87 5.50±0.82 4.50±0.76 36.88±3.56 
RA 25 1.50±0.57 8.63±1.05 9.88±1.13 7.88±1.74 5.25±0.49 2.50±0.54 35.63±4.38 
RA 50 0.50±0.19 5.50±1.32 6.25±1.44 2.50±0.73 2.00±0.50 2.25±0.70 19.00±2.77 
RA 100 0.25±0.25 1.63±1.00 1.75±0.45 1.63±0.26 0.25±0.16 0.63±0.26 6.13±1.68 
RA 150 1.75±0.49 5.75±0.84 7.75±1.22 7.00±1.20 4.75±0.73 4.13±1.16 29.88±4.80 
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Table 15 Dose-response and time-course effect of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg) or various doses of Thunbergia 
laurifolia leaf extract (TLE; 500-2500 mg/kg) on acetic acid-induced writhing in mice.  N=8 for all groups.  
 

Treatment(mg/kg) Number of writhes (mean±S.E.M.) Total 
0-5 5-10 10-15 15-20 20-25 25-30 

2% Tween 80 2.88±0.40 13.13±1.14 13.13±1.68 11.13±0.70 9.13±0.67 4.00±0.70 54.13±3.41 
IND 10 1.00±0.38 3.88±0.48 3.63±0.65 1.88±0.48 2.75±1.08 2.25±0.45 15.38±2.32 
TLE 500 2.63±0.73 11.88±2.22 13.00±2.11 7.25±1.08 5.25±0.49 3.88±0.79 44.13±3.75 
TLE1000 1.38±4.98 9.63±1.79 10.00±1.38 7.13±1.03 4.88±0.64 3.75±0.90 36.75±3.98 
TLE 1500 1.50±0.63 6.25±1.13 6.88±0.95 4.50±0.98 5.25±0.70 4.00±0.71 28.25±3.06 
TLE 2000 2.13±0.35 7.63±0.84 6.38±0.71 6.13±0.77 4.88±0.99 2.63±0.53 29.75±2.57 
TLE 2500 1.25±0.31 4.75±0.68 4.13±0.52 2.88±0.69 3.25±0.59 1.13±0.35 17.38±4.63 
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Appendix E 
Data of Formalin test 
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Table 19 Time spent on paw licking after intraperitoneal administration of 0.9% normal 
saline solution (NSS; 10 ml/kg) and morphine sulfate (MO; 10 mg/kg). N=8 for all 
groups.  
 
 

Treatments Licking time (sec) 

Early phase 
 

Late phase 

NSS 87.80±4.09 131.60±6.59 
MO   9.45±1.60     5.51±1.18 
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Table 20 Time spent on paw licking after oral administration of 2% Tween 80 (10 mg/kg),   
indomethacin (IND; 10 mg/kg), sterile water (SW; 10 ml/kg) and various doses of 
rosmarinic acid (RA; 12.5-150 mg/kg). N=8 for all groups.  
 
Treatments Licking time (sec) 

Early phase 
 

Late phase 

2% Tween 80 106.35±11.88 125.38±9.65 
IND 90.40±6.43     39.60±4.07 

Sterile water 92.06±6.39  126.67±11.22 
 
 

RA 

  111.20±7.73   120.73±8.25 
   109.65±11.38       98.79±10.52 
  88.37±12.86   90.69±8.16 
 41.09±7.03     52.24±7.12 

      63.31±7.45  92.84±7.36 
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Table 21 Time spent on paw licking after oral administration of 2% Tween 80 (10 mg/kg), 
indomethacin (IND; 10 mg/kg) and various doses of Thunbergia laurifolia leaf extract 
(TLE; 500-2500 mg/kg). N=8 for all groups.  
 
Treatments Licking time (sec) 

Early phase 
 

Late phase 

2% Tween 80 65.06±2.98 124.05±5.43 
IND 71.16±2.81     69.33±3.67 

 
 

TLE 

    72.22±3.78         134.17±7.15 
60.56±2.92           125±6.43 
 50.56±2.50      93.18±6.75 
 46.27±2.55    67.18±3.33 
64.70±1.85    89.75±5.74 
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Appendix F 
Data of Rota-rod test  
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Table 22 Effect of rosmarinic acid (RA; 100 mg/kg) and T. laurifolia leaf extract (TLE; 
2000 mg/kg) on motor impairment in Rota-rod test. N=8 per group. 
 

Treatments Time (mean±S.E.M.) 
 

(mg/kg) 30 min 60 min 90 min 120 min 240 min 

SW  60±0 59.16±0.85 60±0 60±0 60±0 

RA 100 57.50±0.25 60±0 60±0 59.30±0.70 59.08±0.92 

 
 

Treatments Time (mean±S.E.M.) 
 

(mg/kg) 30 min 60 min 90 min 120 min 240 min 

2%Tween 80 60±0 60±0 59.5±0.5 59.62±0.38 59.62±0.38 

TLE 2000 60±0 60±0 60±0 60±0 60±0 
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Appendix G 
Data of Carrageenan-induced-paw edema test 
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Table 23 Effect of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), sterile water (SW; 
10 ml/kg) and various doses of rosmarinic acid (RA; 12.5-150 mg/kg) on paw volume in the 
carrageenan-induced paw edema in mice. N=8 for all groups. 
 

Treatment(mg/kg) Paw edema (ml)±S.E.M. 
1 h 2 h 3 h 4 h 5 h 6 h 

2% Tween 80 0.1587 0.2025 0.2075 0.2012 0.2338 0.2500 
IND 10 0.1050 0.0800 0.0750 0.0638 0.0938 0.0925 

SW 0.1438 0.1650 0.1513 0.1425 0.1813 0.1775 
RA 12.5 0.0950 0.1363 0.1113 0.1413 0.1350 0.1450 
RA 25 0.0888 0.1175 0.1275 0.1325 0.1400 0.1550 
RA 50 0.1012 0.1087 0.0738 0.0738 0.1375 0.1500 
RA 100 0.0938 0.1063 0.0650 0.0650 0.0875 0.0925 
RA 150 0.1288 0.1125 0.1025 0.0763 0.1150 0.1050 
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 Table 24 Effect of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), and various doses 
of T. laurifolia leaf extract (TLE; 500-2500 mg/kg) on paw volume in the carrageenan-induced 
paw edema in mice. N=8 for all groups. 
 

Treatment(mg/kg) Paw edema (ml)±S.E.M. 
1 h 2 h 3 h 4 h 5 h 6 h 

2% Tween 80 0.1538 0.1950 0.2063 0.2175 0.2275 0.2438 
IND 10 0.1125 0.0925 0.0763 0.0550 0.0788 0.0838 
TLE 500 0.1138 0.1850 0.1912 0.1400 0.1538 0.1500 
TLE 1000 0.1188 0.1800 0.1850 0.1388 0.1438 0.1525 
TLE 1500 0.1188 0.1850 0.1950 0.1463 0.1625 0.1575 
TLE 2000 0.1175 0.1475 0.1363 0.1100 0.1163 0.1275 
TLE 2500 0.1200 0.1613 0.1637 0.1263 0.1387 0.1450 
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Appendix H 
Data of Prostaglandin E2-induced-paw edema test 
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Table 25 Effect of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), sterile water 
(SW; 10 ml/kg) and rosmarinic acid (RA 100 mg/kg) on paw volume in the PGE2-induced 
paw edema in mice. N=8 for all groups. 
 

Treatment(mg/kg) Paw edema (ml)±S.E.M. 
0.5 h 1 h 1.5 h 2 h 3 h 4 h 

2% Tween 80 0.1675 0.1563 0.1588 0.1575 0.1538 0.1338 
IND 10 0.0810 0.0700 0.0650 0.0613 0.0613 0.0575 

SW 0.1375 0.1425 0.1200 0.0913 0.0987 0.1175 
RA 100 0.0788 0.0613 0.0550 0.0513 0.0425 0.0525 

 
 
Table 26 Effect of 2% Tween 80 (10 mg/kg), indomethacin (IND; 10 mg/kg), and T. 
laurifolia leaf extract (TLE 2000 mg/kg) on paw volume in the PGE2-induced paw edema 
in mice. N=8 for all groups. 
 

Treatment(mg/kg) Paw edema (ml)±S.E.M. 
0.5 h 1 h 1.5 h 2 h 3 h 4 h 

2% Tween 80 0.1063 0.0750 0.1025 0.0963 0.1125 0.1175 
IND 10 0.0700 0.0375 0.0288 0.0250 0.0438 0.0400 

TLE 2000 0.0675 0.0350 0.0338 0.0225 0.0325 0.0350 
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Appendix I 

Data of Cotton pellet-induced granuloma formation 
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Table 27 The weight of granuloma after oral administration of 2% Tween 80 (10 mg/kg), 
indomethacin (IND; 10 mg/kg), sterile water (10 ml/kg), and rosmarinic acid (RA; 50-150 
mg/kg). N= 8 for all groups. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment(mg/kg) Cotton pellet (mg)±S.E.M. 

2% Tween 80 86.90±7.1073 
IND 10 45.94±7.3702 

SW 95.48±10.1653 
RA 50 71.40±9.8947 
RA 100 58.31±5.2141 
RA 150 71.40±9.8947 
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