
Richard Mattes
Purdue University

West Lafayette, IN, USA

Human Cephalic 
Phase Responses



Cephalic Phase Responses

Anticipatory physiological responses 
driven by food cue activation of the 
parasympathetic nervous system 
with effects on ingestive behavior, 
digestion, nutrient absorption and 
metabolism



“Psychic Reflexes” by Ivan Pavlov 
~1890-1930 

Identified and functional significance 
recognized by Francois Longet in 
1850 (Traite De Physiologie)

Observed by William Beaumont ~1833

Giving Credit Where Credit is Due



Response Magnitude Stimulus
Cravings + ~30% of baseline Sight
Hunger + ~30% of baseline Sight
Salivary secretion +~25% Sight; Smell and taste
Salivary IgA -25% of baseline Stress
Gastric acid secretion 68% of pentagastrin max MSF,Sight, smell, Cognitive
Gastrin Secretion ~15% MSF
Gastric myeoelectrical activity -30 - +10% MSH (hotdog)
Gastric Lipase activity ~ + 100% MSF(chewing gum)
Gastric emptying -26% to -77% (cold/ hot vs body temp) temperature
Colonic pressure 2.5-fold Thought, smell
GI transit time ~-23% versus control Oral tactile
Lipid absorption ~5% Taste
Insulin secretion ~25% Thought, sight, odor, taste
Plasma adrenaline +66% to -30% odor
Norepinephrine + 18% compared to meal feeding MSF
CCK secretion ~40% MSF (liquid meal)
Pancreatic Polypeptide 307 v -16pg/ml Hit fat cake v control
Pancreatic lipase 2-fold Sight, odor
Pancreatic amylase >100% MSF
Heart Rate + ~7% of baseline Sight
Heart rate variability - respiratory - ~12% of baseline Sight
Heart rate variability – low frequency + ~41% of baseline Sight
Diastolic blood pressure + ~7% of baseline Sight
Systolic blood pressure + ~8% of baseline to +230%
Regional Cerebral blood flow + 2-4% of Control Sight
Cardiac output -~ 23% of baseline Sight/smell
Skin blood flow + ~8% of mineral water Taste
Skin conductance + ~28% of baseline Sight
Skin temperature + 5-10% of mineral water Taste
Skin resistance amplitude +~10% of mineral water Taste
diuresis ~25% saline
Urine osmolality ~15% saline
temperature + 33%(?) of baseline Sight
Thermogenesis ~ 42% higher with palatable stimulus Liquid formula

Appetitive

Gastric

Exocrine

Intestinal

Endocrine

Salivary

Circulatory

Cutaneous

Renal
Thermal



Cephalic Phase Responses

• Small
• Transient
• Fragile
• Limited consequence



Escandon-Calles J, Robbins DC.  Diabetes 1987; 36:1167.



Teff et al., 1993;42:1600-1608



Without Oral Fat Stimulation/With Oral Fat Stimulation

Mattes RD.  J Nutr 2002; 132: 3656-3662.





Bernbaum et al., Pediatr 1983;71:41-45



Effective Stimuli



Feldman & Richardson  Gastroenterol 1986;90:428-433



Moore & Schenkenberg Gastroenterol 1974;66:954-959



Pangborn et al., Perception 1979;8:339-346



Schwartz et al., Scand J Gastroent 1979;14:313-320



Taylor et al., Gastroenterol 1978;75:432-437



Stimulus Summary
Any food cue can may be effective

Swallowing>masticating>taste>odor>appearance>thought





White KD Psychophysiology 1978;15:196-203
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Peanuts

Peanut
Butter

Almonds

Chestnuts

Chocolate

Pickles

Rice
Cakes

No Load

* *
*

United States

* * *

Lokko et al., Fd Qual Pref 2004;15:129-136



Janowitz, H.D., et al.  Gastroenterology 16(1):104, 1950.



Sarles et al., Gut 1968; 9:214



Sarles et al., Gut 1968; 9:214



Stimulus Summary
Any food cue can may be effective

Swallowing>masticating>taste>odor>appearance>thought

Palatability enhances the magnitude of 
responses

Palatability is determined by more than sensory properties



Cephalic Phase Responses

Function:
Optimization of Nutritional Status

Metabolic Regulation 



Akaishi et al., Chem Senses 1991; 16:277-281



Stimulus

Secondary

Primary

Gastric acid secretion
Intestinal Endocrine 

secretion (e.g., GLP-1)

Pancreatic exocrine secretion

Pancreatic endocrine
secretion (e.g., insulin)

Intestinal Endocrine 
secretion (e.g., GLP-1)

Gastric acid secretion

Pancreatic Endocrine 
secretion (e.g., PP)

Gastric motility



Cephalic Phase Responses

Function:
Optimization of Nutritional Status

Metabolic Regulation
Facilitation/Accommodation



Robertson, M D et al. Gut 2003;52:834-839

MV = microvilli    AJ = apical juctional complex    ER = endoplasmic reticulum    
M = mitochondria    LY = lysosome    



Cephalic Phase Responses

Function:
Optimization of Nutritional Status

Metabolic Regulation
Facilitation/Accommodation
Behavioral Regulation



Cephalic Phase Insulin 
Response



REF N Draw Timing Post Exposure Stimuli

Teff et al 1993 18 NW
15 OB

2, 4, 6, 8, 10, 12, 14 MSF mousse

Simon et al. 1986 10NW
15 OW

Every min for 16 min Visual and olfactory – meal

Sjostrom et al., 1980 23NWF
25 OBF

1, 2, 3, 4, 5, 6, 10, 15 ,20 Visual an Olfactory - meal

Para Covarrubias 1971 6 5, 10, 15, 20, 25, 30, 45, 60 Visual and odor

Sahakian et al., 1981 14NW 2, 4, 6, 10 min Visual and Olfactory

Johnson Wildman 1983 6NW
4OB

2.5, 5, 7.5,10, 20 Imagined; visual and olfactory

Teff 1995 31
NWM

1, 3, 5, 7, 9, 11, 13, 15 20, 25, 30 Solutions  and MSF

Macourek et al., 2013 15 NWM 5, 10, 15, 20 min Sucrose aspartame, water

Just et al., 2008 20NW 3, 5, 7, 10 min Sucrose, saccharin, acetic acid, NaCl, QHCl,
Water

Bellisle et al., 1987 2NWW 3NWM Every minute Sandwich (high and low

Bellisle et al., 1983 4 NWW, 3NWM I min for 30 min then 3 min intervals Sandwich

Bellisle et al., 1985 6NW 4NWM 1 min intervals Sandwich (high and low palatability

Teff 1996; 13 NWW 2, 4, 6, 8, 10, 12, 14, 16, 21, 26, 31 Palatable and unpalatable food

Teff 1991 20 NWM 2, 4, 6, 8, 10, 21, 2612, 14 ,16 ASP in mousse
Yamazaki 1986 57NWM 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 glucose

Bruce 1987 6NW
7NW
5NW

1, 2, 3, 4, 5 Visual and Odor;
taste

Osuna et al 1986 see 
Morricone

5NW
10Ob

1, 2, 3, 4, 5 Visual an odor



REF N Draw Timing Post Exposure Stimuli

Ford et al., 
2011

8NW 0, 2, 4, 6, 8, 10 Sucralose in water

Goldfine et 
al., 

7NWM 4, 8, 12, 16, 20, 24, 28, 32 hypnosis

Taylor et al 
1982

7NW 0, 15, 30,45, 60, 90,120 Sham-fed meal

Veedfeld et 
al., 2015

10 NWM 0, 2, 4, 6, 8, 10, 12, 17 MSF

Bello et al., 
2010

10 HW and 10 women with 
bulemia

2, 4, 6, 8, 10, 12, 14, 19, 24, 29 MSF choc dairy bev

Marricone 
et al. 1999

Study 1: 12 NW and 12OB
Study 2: 5 OB
N=6 sacc
N=6 lemon

0, 1, 2, 3, 4, 5, 10, 20, 50 Study 1: Water, saccharin, 
lemon juice
Study 2: combined with visual 
and/or olfactory stimulation

Abdallah 
1997

12 NWM 1 min intervals Sucrose, aspartame, 
polydextrose Tablets

Kurhunen 
et al 1996 

11ObW Binge-eating
10ObW non-binge-eating

1, 5, 7.5, 8, 11, 13.5,14, 15.5,18, 
20.5,21, 24, 25

Cognitive/visual & odor/ MSF



Responders
vs.

Non-Responders



Sjostrom et al Metab Clin & Exp 1980;29:901-909



Teff et al., Am J Physiol 1991;261:E430-E436



Teff et al.,Physiol & Behav 1995;57:1089-1095



Osuna et al, Horm Metbol Res 1986;18:473-475



Sahakian et al., Appetite 1981;2:209-216



Yamazaki, M., et al.  Brain Res. Bulletin 17:271, 1986.



Just et al., Appetite 2008;51:622-627



Dhillon et al., Physiol & Behav 2017;181:100-109



LCS Stimulation N outcome Sampling
Saccharin Swish 5 ↑ Significant 
Saccharin Drank 9 ↓Glu no Insulin
Saccharin Drank 4 Not Significant
Saccharin Drank 14 Not Significant 1 blood @ 5 mins.
Saccharin Swish 15 Not Significant
Saccharin Swish 17 Not Significant

Aspartame Drank 14 Not Significant 1 blood @ 5 mins.
Aspartame Swish 15 Not Significant 1 blood @ 5 mins.
Aspartame Swish 15 Not Significant
Aspartame Tablet 12 Not Significant

Ace-K Drank 14 Not Significant 1 blood @ 5 mins.
Cyclamate Drank 14 Not Significant 1 blood @ 5 mins.
Sucralose Drank/MSF 8 Not Significant 1 Blood @ 15 Mins.
Sucralose Swish 64 ↑Unreliable



LCS Stimulation N outcome Sampling
Saccharin Swish 5 ↑ Significant 
Saccharin Drank 9 ↓Glu no Insulin
Saccharin Drank 4 Not Significant
Saccharin Drank 14 Not Significant 1 blood @ 5 mins.
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Aspartame Drank 14 Not Significant 1 blood @ 5 mins.
Aspartame Swish 15 Not Significant 1 blood @ 5 mins.
Aspartame Swish 15 Not Significant
Aspartame Tablet 12 Not Significant

Ace-K Drank 14 Not Significant 1 blood @ 5 mins.
Cyclamate Drank 14 Not Significant 1 blood @ 5 mins.
Sucralose Drank/MSF 8 Not Significant 1 Blood @ 15 Mins.
Sucralose Swish 64 ↑Unreliable



Extinction



Berthoud et al., Diabetologia 1981;20:393-401



Dhillon et al., Physiol & Behav 2017;181:100-109



LCS-CPIR SCENARIOS
• Promotes CPIR in the absence of carbohydrate energy

• Reduction of glycemia leading to hunger and 
increased energy intake

• Extinguishes CPIR
• Loss of regulatory signal leading to increased energy 

intake



Fundamental Questions about the 
CPIR

• Stimulus property
– Sweetness
– Chemical Specificity (LCS; glucose anomers) (Yamazaki & Sakaguchi

Br Res Bull 1986;17:271-274)

• Transduction mechanism
– T1R2-T1R3 receptor
– ATP-gated K+ sensor (Glendinning et al AJP 2015;309:R552-R560)

• Route of action
– Primary
– Secondary (TRC GLP-1) (Kokrashvili et al BJN 2014;111:S23-S29)



Initial Outstanding Questions
• Functional:

– Are CPR reliable?
– Are there responders and non-responders?
– To what extent do CPR impact nutritional status (appetite, 

food choice, digestion, absorption, metabolism)?
– Do CPR contribute to health disorders?
– Can CPR be used for preventive or therapeutic purposes?

• Mechanistic:
– Identification of effective stimuli properties
– Identification of receptors
– Determine primary and secondary impacts
– Establish best practices assessment methods
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