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Abstract 
The present study was designed to investigate the gastroprotective, analgesic, 
and antipyretic effects of curcumin (Cur), the major constituent of turmeric. 
Acetylsalicylic acid (ASA) was used in this study as a standard drug for 
comparison. The analgesic activity was measured using the Hot-Plate Test. The 
antipyretic and antiulcer effects were assessed using yeast-induced pyrexia and 
gastric ulceration, respectively. Curcumin (100 mg/kg) injected intra-peritoneally 
1 hr prior to the Hot-Plate Test showed significant analgesic activity expressed 
by both parameters: an increase in latency time and a reduction in paw licking 
as compared to the controls. In the animal model of pyrexia, curcumin (100 
mg/kg injected intra-peritoneally) exhibited a significant reduction in the rectal 
temperature after 1 hr, 2 hrs, 4 hrs, and 5 hrs of treatment, indicating the 
antipyretic effect of curcumin. Rats with orally administered curcumin (200 
mg/kg) did not show any lesions on the inner lining of the stomach after a 16 hr 
fast, indicating the gastroprotective effects of curcumin as compared to saline- 
and acetylsalicylic acid-administered rats. The significantly low ulcer index in 
curcumin-treated rats following starvation highlights the gastroprotective 
characteristics of curcumin.  

Keywords 
Curcumin • Antipyretic • Gastroprotective • Antinociceptive • Acetylsalicylic acid  

http://www.scipharm.at/
mailto:saida-h1@hotmail.com
http://creativecommons.org/licenses/by/3.0/


550 S. Haider et al.:  

Sci Pharm. 2013; 81: 549–558 

Introduction 
Curcumin (diferuloyl methane) is a phytochemical which is the active ingredient in turmeric 
and constitutes about 3-4% of it, giving turmeric its characteristic radiant yellow color [1, 2]. 
Curcumin comprises three tautomeric forms i.e. Curcumin Ι (curcumin) (94%), Curcumin ΙΙ 
(demethoxycurcumin) (6%), and Curcumin ΙΙΙ (bis-demethyoxy curcumin) (0.3%), out of 
which its enol-tautomeric form (Curcumin I) is more common and active [1, 3, 4]. It was 
first isolated in 1815 and its chemical structure was determined in 1973. Its melting point 
ranges from 176–177°C, forms a reddish brown salt with alkali, and is soluble in ethanol, 
chloroform, and alkali [1]. Curcumin is a lipophilic molecule [4] and can cross the blood-
brain barrier [5]. It is well-tolerated and does not appear to be toxic even at high doses in 
both humans and animals [4, 6, 7]. Pharmacokinetic studies have shown that 40–85% of 
an oral dose of curcumin passes through the GIT unchanged [8, 9].  

Curcumin possesses a broad spectrum of biological actions including anti-inflammatory, 
anti-carcinogenic, anti-mutagenic, anti-coagulant, anti-diabetic, anti-bacterial, anti-venom, 
anti-fertility, anti-protozoal, anti-fibrotic, anti-oxidant, hypocholesteremic, anti-aging, and 
anti-lipofusinogenesic properties [1, 2, 4]. The antiulcer activity of curcumin was displayed 
by attenuation of different ulcerative effectors including gastric acid hypersecretion, total 
peroxides, myeloperoxidase (MPO) activity, interleukin-6 (IL-6), and apoptotic incidence, 
along with its inhibitor activity for pepsin [10]. Inhibitory effects of curcumin on 
lipoxygenases, cyclooxygenase isoenzymes, and inflammatory cytokine production have 
also been reported [11]. Curcumin also offers protection against vascular dementia by 
exerting antioxidant activity [1, 12].  

The present study was designed to evaluate the gastroprotective effects of curcumin. The 
study was also aimed at investigating the analgesic and antipyretic effects of curcumin. 
Since acetylsalicylic acid is one of the commonly used drugs with a broad spectrum of 
pharmacological activities, in the present study it was taken as a standard drug to compare 
the effects of curcumin. 

Results  
Anti-nociceptive tests showed that acute treatment with curcumin increases the reaction 
time in response to thermal pain (Fig. 1). Figure 1 shows that curcumin-treated rats 
exhibited greater (p<0.01) latency time (15.26±2.85 sec) as compared to those treated 
with aspirin (11.6±0.909 sec) and saline (11.15±0.568 sec). The number of lickings of both 
curcumin- and acetylsalicylic acid-treated rats were significantly lower (p< 0.01) than that 
of the saline-treated rats (Fig. 2). The number of lickings for curcumin was lower than that 
of acetylsalicylic acid (7.5±1.290) which was, however, not statistically significant. 

Eighteen hours after the injection of the yeast suspension (pyrogen), fever had developed. 
Treatment with curcumin significantly lowered the temperature when compared with saline. 
At 1 hour post-treatment, the temperatures of both curcumin-treated (94.5±1.16°F) and 
acetylsalicylic acid-treated rats (95.3±1.188°F) were significantly (p<0.01) lower than that 
of the saline-treated rats (97.42±0.71°F). After 2 hours of treatment, curcumin 
(94.2±0.33°F) reduced the rectal temperatures significantly (p<0.05) as compared to the 
acetylsalicylic acid-treated rats (95.25±0.575°F) and (p<0.01) saline-treated rats 
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(95.5±0.899°F). But at 4 and 5 hours post-treatment, the drop in rectal temperatures was 
significant (p<0.01, p<0.05; respectively) only in the curcumin-treated rats (Fig. 3). 

 
Fig. 1.  Effect of curcumin on latency time in the Hot-Plate test. Values are expressed 

as mean + SD and significant differences by Newman-Keuls test following 
1-way ANOVA are * = p<0.05, ** = p<0.01 as compared to saline-injected rats 
and + = p<0.05, ++ = p<0.01 as compared to acetylsalicylic acid-injected rats 

 
Fig. 2.  Effect of curcumin on number of lickings in the Hot-Plate test. Values are 

expressed as mean + SD and significant differences by Newman-Keuls test 
following 1-way ANOVA are * = p<0.05, ** = p<0.01 as compared to saline-
injected rats and + = p<0.05, ++ = p<0.01 as compared to acetylsalicylic acid-
injected rats 
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Fig. 3.  Effect of curcumin on pyrexia induced by yeast suspension. Rectal temperature 

determination showed curcumin significantly lowers the temperature after 
treatment. Values are expressed as mean + SD and significant differences by 
Newman-Keuls test following 1-way ANOVA are * = p<0.05, ** = p<0.01 as 
compared to saline-injected rats and + = p<0.05, ++ = p<0.01 as compared to 
acetylsalicylic acid-injected rats 

 
Fig. 4.  Effect of curcumin and acetylsalicylic acid on stomach ulcer induced by 16 

hours fasting represented in terms of ulcer index. Ulcer index showed that 
curcumin significantly (p<0.01) reduces the number of gastric lesions as 
compared to control and acetylsalicylic acid-treated rats. Values are expressed 
as mean + SD and significant differences by Newman-Keuls test following 1-
way ANOVA are **=p<0.01 as compared to saline-injected rats and ++ = p<0.01 
as compared to acetylsalicylic acid-injected rats 
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Rats administered with acetylsalicylic acid showed more prominent gastric lesions on the 
internal lining of the stomach as compared to the stomachs treated with saline, which had 
fewer lesions, along with curcumin. Scoring of gastric mucosal lesions revealed that the 
ulcer index was significantly higher in acetylsalicylic acid-treated rats as compared to 
saline- (p<0.01) and curcumin- (p<0.01) administered rats (Fig 4), whereas rats 
administered with curcumin exhibited a low ulcer index (p<0.01) compared to saline- and 
acetylsalicylic acid-treated rats (Fig. 4). 

Discussion 
Curcumin has been used for centuries as a treatment for inflammatory diseases with a 
long history of medicinal use in India [13]. Since inflammation is mostly involved in various 
psychopathological conditions including pain (nociception) and fever (pyrexia), the 
investigation of the analgesic and antipyretic potential of curcumin and its comparison with 
one of the most widely used drugs, acetylsalicylic acid, has been targeted in this study. In 
the present investigation, the analgesic effect of curcumin was determined by the Hot- 
Plate method. This method is a widely used model for the evaluation of pain. The Hot-
Plate test measures complex responses to acute nociceptive exposure [14]. In this study, 
curcumin significantly reduced the response against the thermal stimulus indicated by an 
increase in the latency time and a decrease in the paw licking, reflecting the analgesic 
activity of the drug. Prostaglandins (PGs) are known to sensitize the pain receptors at the 
local site of the stimulus [15]. PGs are synthesized from arachidonic acid via the 
cyclooxygenase and lipoxgenase pathways. Thus, suppression of these enzymes 
(cyclooxygenase-2 and 5-lipoxygenase) by curcumin as reported earlier [16] inhibits 
prostaglandin synthesis and may be attributed to its pain relieving action. PGs are 
considered to act in the spinal cord to facilitate the transmission of pain responses [17], so 
inhibition of this pathway by curcumin may be yet another possible mechanism.  

The antipyretic effect of curcumin was evaluated by an animal model of pyrexia in which 
fever was induced by a yeast suspension, a non-toxic pyrogen. This method has been 
used in various studies to monitor pyrexia after yeast administration and to evaluate the 
activity of antipyretic drugs after treatment [18, 19]. Fever is produced in response to a 
number of factors; however, it is an adaptive mechanism for controlling infection. In most 
cases, the cause is viral although bacterial infections and inflammatory diseases need 
early diagnostic considerations. Synthesis of endogenous pyrogens (prostaglandins) in 
response to a stimulus signals the thermoregulatory center of the brain and results in an 
elevation of body temperature. Curcumin showed a significant antipyretic effect by 
decreasing the rectal temperature in our study. It has been reported earlier that curcumin 
has an inhibitory impact on prostaglandins [4] and hence, our findings are in agreement 
with the previous findings. 

Previously, starvation has been shown to aggravate drug-induced gastric erosions 
[20, 21]. In the present study, administration of acetylsalicylic acid on an empty stomach 
has shown severe gastric lesions and serious damage to the internal lining of the gastric 
mucosa. After opening and washing the stomachs of acetylsalicylic acid-treated rats, it 
was observed that the gastric mucosal layer appeared reddish and also showed swelling. 
Saline-treated rats also exhibited a slightly reddish mucosal lining. However, rats 
administered with curcumin in the fasting condition did not show reddish lesions or 
swelling of the gastric mucosa. Use of NSAIDs, including acetylsalicylic acid, is the most 
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common cause of gastrointestinal mucosal injury. Severe gastrointestinal injuries and 
lesions due to NSAIDs, such as acetylsalicylic acid, are mainly caused by the inhibition of 
COX-1 [22]. It has been reported that COX-2 mostly leads to the production of PGE2 which 
plays an important role in inflammatory reactions, whereas COX-1 causes the production 
of prostaglandins which regulate physiological process including protection of the stomach 
mucosa [23]. Curcumin has the potential to act against ulcers in the stomach. Not much 
work regarding the effects of curcumin in gastric ulcers is reported, however in one study, 
the beneficial effect of curcuma longa has been reported due to its selective as well as 
competitive antagonistic activity towards the H2 receptor located on gastric parietal cells 
[24].  

Conclusions 
In conclusion, our findings of a significantly reduced ulcer index in curcumin-treated rats 
provide evidence that curcumin is not only effective as an anti-nociceptive and anti-pyretic 
agent, but it also possesses gastroprotective activity. The gastroprotective effects of 
curcumin observed in the present study may therefore suggest the pharmacological 
advantage of curcumin over commercially available NSAIDs to prevent gastric ulcers. 
However, further experiments are warranted to determine the actual mechanism of action 
of curcumin.  

Experimental 
Experimental animals were all healthy adult female Sprague Dawley rats weighing (150–
180g). Fifty four locally bred female rats purchased from Agha Khan University were used 
in this study. All animals were housed individually under a 12hr light-dark cycle (light on at 
6:00 h) and controlled room temperature (22±2°C) with free access to cubes of standard 
rodent diet and tap water for at least 3–4 days before experimentation so that rodents 
could adapt themselves to the new environment. All animal experiments were conducted 
in accordance with NIH guidelines and approved by the institutional Ethics and Animal 
Care Committee. Animals were randomly divided into three groups each containing 18 
rats. Each set of 18 rats was further divided into three sub-groups: Control, acetylsalicylic 
acid (ASA), and curcumin (Cur). Animals in the control group were injected with 0.9% 
saline, the second group of animals were injected with acetylsalicylic acid (10mg/kg), and 
the third group with curcumin (100mg/kg) intra-peritoneally [25] and the following tests 
were performed. 

Anti-nociceptive Test 
For evaluation of the analgesic effects, animals were injected with saline, acetylsalicylic 
acid, and curcumin intra-peritoneally and 30 minutes post-injection, the Hot-Plate test was 
performed. The method was essentially the same as described by Eddy and Leimbach, 
1953 [14]. It is a test of pain response in animals. It is used in testing the effectiveness of 
analgesics by observing the reaction to pain caused by heat. The temperature of the plate 
is set at 55°C and is kept constant. The rat is placed on the plate and is covered with a 
cylinder so that the animal is unable to move out. The analgesic activity is observed in 
terms of latency to move and forepaw licking. The total cut-off time is 3 minutes or 180 
seconds. If the administered drug induces analgesic effects, then the latency to move 
increases and the forepaw licking decreases showing the pain-reducing effect of the drug. 
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Antipyretic Test 
The rats were injected subcutaneously with 10 ml/kg of a 20% aqueous suspension of 
Baker’s yeast and the rectal temperatures were recorded initially and at 18 hours. Saline, 
acetylsalicylic acid (10mg/kg), and curcumin (100mg/kg) were administered intra-
peritoneally to the control, ASA, and Cur groups, respectively after 18 hrs reading. 
Following the administration of drugs, rectal temperature was recorded up to 5h as per 
method of Mukherjee et al. 1996 [26]. 

Ulcerogenic Test 
Following 16 hours of fasting, animals in the Control, ASA, and Cur groups were orally 
given 1 ml of neutral oil, acetylsalicylic acid (20 mg/kg), and Cur (200 mg/kg), respectively. 
After three hours of administration, the animals were killed and their stomachs were 
removed. The stomachs were opened by placing a cut along the lesser curvature and 
washed with saline in order to visualize the internal lining of the stomach. The gastric 
mucosa was then scored according to the scale, 0: no lesion, 0.5: hyperemia, 1: one or 
two lesions, 2: severe lesions, 3: very severe lesions, 4: mucosa full of lesions [27, 28]. 

Drugs 
The commercially available curcumin (Color: orange, M. wt: 368.38, Form: powder) and 
acetylsalicylic acid (Color: white, M. wt.: 180.16, Form: Powder) were purchased from 
Sigma Aldrich. All chemicals were of analytical grade. All the reagents were freshly 
prepared before the start of the experiment. For the oral administration, the curcumin 
suspension was prepared in cooking oil, whereas the intra-peritoneal administration 
curcumin suspension was prepared in water and ethanol in the ratio of 9:1. Acetylsalicylic 
acid was dissolved in deionized water. 

Statistical Analysis 
Data are expressed as the mean ± S.D and were analyzed by One Way ANOVA followed 
by Newman’s Keul test. Values of p<0.05 were regarded as significant. 

Acknowledgement 
The authors are thankful to the University of Karachi for funding this project. 

Authors’ Statements 
Competing Interests 
The authors declare no conflict of interest. 

Animal Rights 
The institutional and (inter)national guide for the care and use of laboratory animals was 
followed. See the experimental part for details. 

 



556 S. Haider et al.:  

Sci Pharm. 2013; 81: 549–558 

References 
[1] Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK.  

Turmeric and curcumin: Biological actions and medicinal applications.  
Curr Sci. 2004; 87: 44–53. 

[2] Bala K, Tripathy BC, Sharma D.  
Neuroprotective and anti-ageing effects of curcumin in aged rat brain regions.  
Biogerontol. 2006; 7: 81–89. 
http://dx.doi.org/10.1007/s10522-006-6495-x 

[3] Ruby AJ, Kuttan G, Babu KD, Rajasekharan KN, Kuttan R.  
Anti-tumour and antioxidant activity of natural curcuminoids.  
Cancer Lett. 1995; 94: 79–83. 
http://dx.doi.org/10.1016/0304-3835(95)03827-J 

[4] Hatcher H, Planalp R, Cho J, Torti FM, Torti SV.  
Curcumin: from ancient medicine to current clinical trials.  
Cell Mol Life Sci. 2008; 65: 1631–1652. 
http://dx.doi.org/10.1007/s00018-008-7452-4 

[5] Xu Y, Ku BS, Yao HY, Lin YH, Ma X, Zhang YH, Li XJ.  
The effects of curcumin on depressive-like behaviors in mice.  
Eur J Pharmacol. 2005; 518: 40–46. 
http://dx.doi.org/10.1016/j.ejphar.2005.06.002 

[6] Shankar TN, Shantha NV, Ramesh HP, Murthy IA, Murthy VS.  
Toxicity studies on turmeric (Curcuma longa): acute toxicity studies in rats, guineapigs& monkeys.  
Indian J ExpBiol. 1980; 18: 73–75. 
http://www.ncbi.nlm.nih.gov/pubmed/6772551 

[7] Soni KB, Kuttan R.  
Effect of oral curcumin administration on serum peroxides and cholesterol levels in human volunteers.  
Indian J Physiol Pharmacol. 1992; 36: 273–275. 
http://www.ncbi.nlm.nih.gov/pubmed/1291482 

[8] Wahlström B, Blennow G.  
A study on the fate of curcumin in the rat.  
Acta Pharmacol Toxicol. (Copenh) 1978; 43: 86–92. 
http://dx.doi.org/10.1111/j.1600-0773.1978.tb02240.x 

[9] Ravindranath V, Chandrasekhara N.  
Absorption and tissue distribution of curcumin in rats.  
Toxicol. 1980; 16: 259–265. 
http://dx.doi.org/10.1016/0300-483X(80)90122-5 

[10] Tuorkey MJ, Abdul-aziz KK. 
Molecular pathogenesis of gastric ulcers and strstegies for prevention.  
Res J Pharm Biol Chem Sci. 2012; 3:192–222. 

[11] Grynkiewicz G, Slifirski P. 
Curcumin and curcuminoids in quest for medicinal studies.  
Acta Biochim Pol. 2012; 59: 201–212. 
http://www.ncbi.nlm.nih.gov/pubmed/22590694 

[12] Thiyagarajan M, Sharma SS.  
Neuroprotective effect of curcumin in middle cerebral artery occlusion induced focal cerebral ischemia 
in rats.  
Life Sci. 2004; 74: 969–985. 
http://dx.doi.org/10.1016/j.lfs.2003.06.042 

http://dx.doi.org/10.1007/s10522-006-6495-x
http://dx.doi.org/10.1016/0304-3835(95)03827-J
http://dx.doi.org/10.1007/s00018-008-7452-4
http://dx.doi.org/10.1016/j.ejphar.2005.06.002
http://www.ncbi.nlm.nih.gov/pubmed/6772551
http://www.ncbi.nlm.nih.gov/pubmed/1291482
http://dx.doi.org/10.1111/j.1600-0773.1978.tb02240.x
http://dx.doi.org/10.1016/0300-483X(80)90122-5
http://www.ncbi.nlm.nih.gov/pubmed/22590694
http://dx.doi.org/10.1016/j.lfs.2003.06.042


 Analgesic, Antipyretic, and Ulcer Protective Effects of Curcumin 557 

Sci Pharm. 2013; 81: 549–558 

[13] Ammon HP, Wahl MA.  
Pharmacology of Curcuma longa.  
Planta Med. 1991; 57: 1–7. 
http://dx.doi.org/10.1055/s-2006-960004 

[14] Eddy NB, Leimbach D.  
Synthetic analgesics. II. Dithienylbutenyl- and dithienylbutylamines.  
J Pharmacol ExpTher. 1953; 107: 385–393. 
http://www.ncbi.nlm.nih.gov/pubmed/13035677 

[15] Dray A, Urban L.  
New Pharmacological Strategies for Pain Relief.  
Ann Rev Pharmacol Toxicol. 1996; 36: 253–280. 
http://dx.doi.org/10.1146/annurev.pa.36.040196.001345 

[16] Jurenka JS.  
Anti-inflammatory properties of curcumin, a major constituent of Curcuma longa: a review of preclinical 
and clinical research.  
Altern Med Rev. 2009; 14: 141–153. 
http://www.ncbi.nlm.nih.gov/pubmed/19594223 

[17] Yamamoto T, Nozaki-Taguchi N.  
Analysis of the effects of cyclooxygenase (COX)-1 and COX-2 in spinal nociceptive transmission using 
indomethacin, a non-selective COX inhibitor, and NS-398, a COX-2 selective inhibitor. 
Brain Res. 1996; 739: 104–110. 
http://dx.doi.org/10.1016/S0006-8993(96)00817-7 

[18] Al-Ghamdi MS.  
The anti-inflammatory, analgesic and antipyretic activity of Nigella sativa.  
J Ethnopharmacol. 2001; 76: 45–48. 
http://dx.doi.org/10.1016/S0378-8741(01)00216-1 

[19] Asha VV, Pushpangadan P.  
Antipyretic activity of Cardiospermumhalicacabum.  
Indian J Exp Biol. 1999; 37: 411–414. 
http://www.ncbi.nlm.nih.gov/pubmed/10641181 

[20] Qui BS, Mei QB, Liu L, Tchou-Wong KM.  
Effects of nitric oxide on gastric ulceration induced by nicotine and cold-restraint stress. 
World J Gastroenterol. 2004; 10: 594–597. 
http://www.ncbi.nlm.nih.gov/pubmed/14966924 

[21] Hung CR, Neu SL. 
Acid-induced gastric damage in rats is aggravated by starvation and prevented by several nutrients. 
J Nutr. 1997; 127: 630–636. 
http://www.ncbi.nlm.nih.gov/pubmed/9109615 

[22] Yuan Y, Padol IT, Hunt RH.  
Peptic ulcer disease today.  
Nat Clin Pract Gastroenterol Hepatol. 2006; 3: 80–89. 
http://dx.doi.org/10.1038/ncpgasthep0393 

[23] Vane JR, Botting RM.  
The mechanism of action of aspirin.  
Thromb Res. 2003; 110: 255–258. 
http://dx.doi.org/10.1016/S0049-3848(03)00379-7 

[24] Kim DC, Kim SH, Choi BH, Baek NI, Kim D, Kim MJ, Kim KT.  
Curcuma longa extract protect against gastric ulcers by blocking H2 histamine receptors.  
Biol Pharm Bull. 2005; 28: 2220–2224. 
http://dx.doi.org/10.1248/bpb.28.2220 

http://dx.doi.org/10.1055/s-2006-960004
http://www.ncbi.nlm.nih.gov/pubmed/13035677
http://dx.doi.org/10.1146/annurev.pa.36.040196.001345
http://www.ncbi.nlm.nih.gov/pubmed/19594223
http://dx.doi.org/10.1016/S0006-8993(96)00817-7
http://dx.doi.org/10.1016/S0378-8741(01)00216-1
http://www.ncbi.nlm.nih.gov/pubmed/10641181
http://www.ncbi.nlm.nih.gov/pubmed/14966924
http://www.ncbi.nlm.nih.gov/pubmed/9109615
http://dx.doi.org/10.1038/ncpgasthep0393
http://dx.doi.org/10.1016/S0049-3848(03)00379-7
http://dx.doi.org/10.1248/bpb.28.2220


558 S. Haider et al.:  

Sci Pharm. 2013; 81: 549–558 

[25] Siddiqui RA, Hassan S, Harvey KA, Rasool T, Das T, Mukerji P, DeMichele S. 
Attenuation of proteolysis and muscle wasting by curcumin c3 complex in MAC16 colon tumour-
bearing mice.  
Br J Nutr. 2009; 102: 967–975. 
http://dx.doi.org/10.1017/S0007114509345250 

[26] Mukherjee PK, Das J, Saha K, Giri SN, Pal M, Saha BP.  
Antipyretic activity of Nelumbonucifera rhizome extract.  
Indian J Exp Biol. 1996; 34: 275–276. 
http://www.ncbi.nlm.nih.gov/pubmed/8781041 

[27] Cashin CH, Dawson W, Kitchen EA.  
The pharmacology of benoxaprofen (2-[4-chlorophenyl]-alpha-methyl-5-benzoxazole acetic acid), 
LRCL 3794, a new compound with anti-inflammatory activity apparently unrelated to inhibition of 
prostaglandin synthesis.  
J Pharm Pharmacol. 1977; 29: 330–336. 
http://dx.doi.org/10.1111/j.2042-7158.1977.tb11330.x 

[28] Sabina EP, Chandel S, Rasool MK.  
Evaluation of analgesic, anti pyretic and ulcerogenic effect of Withaferin A.  
Int J Integr Biol. 2009; 6: 52–56. 

http://dx.doi.org/10.1017/S0007114509345250
http://www.ncbi.nlm.nih.gov/pubmed/8781041
http://dx.doi.org/10.1111/j.2042-7158.1977.tb11330.x

