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orbital roof (cribra orbilalia). It is considered a "nutritional stress indicator", consequent to 

chronic anaemia in childhood, coupled with protein deficiency, and pathogen load,9,11 and 

may result from the bone marrow becoming hyperplastic to compensate for the diminished 

red cells. A similar, but not identical picture can be caused by thalassaemia. There appears 

to be a strong correlation between the occurrence of porotic hyperostosis and the introduction 

of cereal grains in the Neolithic period, and subsequent subsistence on cereal grains, 

particularly maize. 12 Dependency on maize has been identified as a primary underlying cause 

of iron-deficiency anaemia in these prehistoric communities, particularly in the post-weaning 

period of childhood. Although maize is a source of iron, the phytate content in com 

cultivated at the time inhibits intestinal absorption, leading to anaemia. 13 Malnourished 

pregnant women give birth to low birth-weight infants with limited haemoglobin stores. This 

results in an increased susceptibility to infections/infestations, and iron deficiency, 

. I I . h .. d 911 partlcu ar y ill t e post-wearung peno .. Evidence of porotic hyperostosis has been 

reported in 25% of the skulls of mummified Peruvian children, dating back more than 8000 

years. IJ 

Figure 1.1: Bitemporal porotic hyperostosis. 

Throughout recorded history there are vivid accounts of the consequences of malnutrition. 

Probably the earliest recorded famine was the Stele famine in Egypt, more than 5000 years 

ago. 14 The writer Ipuwer reported: 

"Towns are destroyed and Upper Egypt has become an empty waste ... He that layeth 

his brother to the ground is everywhere to be seen." 
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Figure 1.2: Wall carving of a famine scene: Sth Dynasty; pyramid complex of King Unas, 

Saqqara 

Famine victims, with their wasted bodies and protuberant nbs are graphically depicted on the 

causeway of the pyramid of Unas at Saqqara (Sth Dynasty, c237S-234S BC), and 

foreshadowed Egypt's entry into the First Intermediate Period. IS This Period was 

characterised by crop failures, civil disorder, political instability, and the faU of the Old 

Kingdom. As inscribed: 

"The entire country had become like a starved locust." 

An inscription on the tomb of Ankhtifi, c2000 BC,14 further illustrates the drastic effects of 

starvation, resulting in the total disintegration of moral and social life. 

"All of Upper Egypt was dying of hunger to such a degree that everyone had come to 

eating his children." 

Biblical accounts also report starving people resorting to cannibalism. As recorded in 2 

Kings 6;28, during the famine caused by the siege of Samaria by King Ben-Hadad of Aram: 

"This woman said 10 me, 'Give up your son so we may eat him today, and tomorrow 

we '/l eat my son.' So we cooked my son and ate him. The next day J said to her, 

'Give up your son so that we may eat him, ' but she had hidden him." 

24 
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Acetylcholine 

H2 
c=:~> Histamine ~ 

Figure 2.1.3: Stimulation of gastric acid secretion 

HCI 

Understanding of the precise mechanism by which the parietal ceU produces acid was 

initiated by the studies of Ganser and Forte in 1973.50 Following studies on the oxyntic ceUs 

of the bullfrog, they noted the presence of a unique protein in the parietal cells. The protein 

was a potassiwn-stimulated adenosine triphosphatase (K+-ATP'ase), and was subsequently 

shown to be present in the parietal ceUs of other animals, including man. The protein uses 

energy derived from the splitting of ATP (supplied by the mitochondria in the parietal cell) to 

pump cytosolic hydrogen ions (H) into the secretory canaliculi, in exchange for potassium 

ions (K). This acid pwnp is therefore an I-t,K+-ATP'ase, often referred to as the proton 

pump. On stimulation of the parietal cell, the apical membrane becomes permeable to K+ 

ions, enabling these ions to diffuse down the concentration gradient from the cytosol into the 

secretory canaliculi. Activation of the proton pump results in the pumping of I-t ions from 

the cytosol to the secretory canaliculi in exchange for the K+ ions. Stimulation of the parietal 

cell also results in an increase of the apical membrane to cr which, like the K+ ions diffuse 

out of the cell into the secretory canaliculi, where they combine with the I-r ions to form 

hydrochloric acid (HCl), which then passes into the lumen of the stomach. This~)1 results 

43 
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Figure 2.1.5: The interaction between gastric secretions and pancreatic function. Gastric 

lipase and pepsin, in the acidic environment of the stomach, catalyse the digestion of fats to 

fatty acids, and proteins to peptides respectively. Peptides subsequently stimulate the G ceUs 

of the gastric antrum to secrete gastrin, which stimulates the parietal celis to produce acid. 

Both fatty acids, and amino acids liberated from the peptides, stimulate the secretion of CCK 

from duodenal mucosal ceDs, which stimulates gaD bladder contraction, and pancreatic 

enzyme secretion. 
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Figu re 2.2.2: Intraluminal fatty acids and amino acids stimulate intestinal mucosal cells to 

secrete CCK-RF, which, in turn, stimulate the I-cells of the mucosa to secrete CCK. Under 

the influence of CCK, the pancreas secretes exocrine enzymes and monitor peptide, and the 

ball bladder discharges bile into the gut lrunen. Monitor peptide further stimulates the I-cells 

to secrete CCK, whereas trypsin inactivates both CCK-RF and monitor peptide, and bile salts 

suppress the CCK secreting cell, providing negative feed back contro1. Somatostatin inhibits 

CCK secretion by the I -cell. 

2.2.4.3 Effect of CCK on the Exocrine Pancreas 

CCK appears to be the primary stimulant of pancreatic enzyme secretion, and exerts its action 

by binding to specific G-protein-coupled receptors (GPCR's). The CCK receptors are seven­

transmembrane-spanning proteins coupled to heterotrirneric G-proteins. The 3 subunits of the 

G-protein are responsible for the intracellular actions, and ultimately the target tissue 

response. Most of the work on the function of CCK in the exocrine pancreas has been 

performed in rodents, which primarily express CCK-A receptors. The precise role and 

function of CCK-B/gastrin receptors, the predominant CCK-receptors in the human pancreas, 

is less clear. Saillan-BalTeau et al,1l8 however, demonstrated that CCK-B/gastrin receptors, 

introduced into the acinar ceIJs of transgenic mice, fimctioned similarly to CCK-A receptors. 
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Figure 4.4: Duodenal biopsy from an undernourished patient with Crohns colitis, prior to 

nutritional support, showing partial villous atrophy, with no evidence of parasites, or 

increases in inflanunatory cells in the lamina propria. 

Following the period of nutritional support, duodenal biopsies revealed pm1ial villous atrophy 

still evident in the four patients who had disease primarily affecting the duodenum, whereas 

fifteen of sixteen available biopsies (94%) from patients who had no evidence of duodenal 

involvement by the primary disease process had normal duodenal morphology following 

feeding (Figure 4.5). 
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Figure 4.5: Duodenal biopsy from the same patient as Figure 4.4, following intensive enteral 

nutrional support. Nonnal villous structure is now evident. 

4.5 Discussion 

At entry into the study, the malnourished patients had evidence of significant impairment of 

digestive function, with increased stool frequency, stool weight and faecal fat excretion. The 

in-vivo tests of fat absorption also indicated impainnent, compared to the group of healthy 

controls. Further evidence of gut mucosal abnormality was demonstrated by the decreased 

D-xylose absorption, indicated by a decreased urinary excretion following a 5 g oral dose, 

and several of the patients had evidence of villous atrophy. Although four of the 

malnourished patients had evidence of primary disease of the gut (lPSID, n = 2; Crohn's 

disease, n = 1; amyloid, n = 1), five of twenty-one patients (23%), with no evidence of 

primary disease of the gut, had villous atrophy. 

Despite the presence of primary disease of the gut in several of our patients, which may have 

affected absorption, the direct relationship between the BMI and the parameters of gut 

absorption (D-xylose excretion and fat absorption) indicates a primary influence of 

nutritional status on gut mucosal function. This is further supported by the impaired gut 

absorption (impaired D-xylose excretion) noted in the anorexia patient group. The inverse 
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REE REE WBPFlux WBP Flux WBP Oxid WBP Oxid WBP WBP 

Control 0.90 1641 26.05 192.2 3.05 23.67 0.38 168.5 2.68 

Control 0.77 1581 24.32 230.4 3.54 24.83 0.38 205.5 3.16 

Control 1.42 2641 30.01 325.9 3.70 71.79 0.82 254.1 2.89 

Control 0.93 1480 25.09 330.7 5.61 19.00 0.32 311.7 5.28 

Control 0.70 1905 21.17 320.7 3.56 30.26 0.34 290.5 3.23 

Control 0.84 1835 24.15 423.6 5.57 44.31 0.58 379.2 4.99 

Control 0.84 1673 22.61 502.8 6.80 48.53 0.66 454.3 6.14 

Control 0.85 1479 24.65 403.2 6.72 31.83 0.53 371.4 6.19 

Control 0.86 2286 35.17 272.3 4.19 37.12 0.57 235.1 3.62 

Control 0.77 1550 20.40 466.4 6.14 29.39 0.39 437.0 5.75 

Control NA NA NA 489.6 6.48 53.40 0.71 436.2 5.77 

Control NA NA NA 380.8 6.35 74.76 1.25 306.1 5.10 

Control NA NA NA 417.4 5.88 42.05 0.59 375.4 5.29 

Control NA NA NA 281.6 3.26 37.88 0.44 243.7 2.82 

Control NA NA NA 336.5 4.10 64.19 0.78 272.3 3.32 
Control NA NA NA 256.0 3.88 52.47 0.80 203.6 3.08 
Control NA NA NA 304.2 4.06 64.l1 0.86 240.1 3.20 

Mean 0.89 1807 25.36 349.1 4.88 44.09 0.61 305.0 4.27 
Std Dev 0.20 381.9 4.36 91.15 1.35 17.24 0.24 89.22 1.31 

REE= Energy 

WBP Flux = Whole Protein Flux WBP Oxid = Whole Body Protein Oxidation 
WBP = Whole Protein NA = Not Available 
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Anorexia 0.72 753 20.92 147.9 4.109 10.86 0.302 137.1 3,808 

Anorexia 0.7 1060 42.4 208.8 8.35 15.18 0.61 193.7 7.74 

Anorexia 0.94 1691 52.84 212.4 6.64 40.73 1.27 171.6 5.36 

Anorexia 0.71 702 21.27 167.0 5.06 15.64 0.47 151.3 4.59 

Anorexia 0.98 1087 33.97 130.4 4.08 23.11 0.72 107.3 3.35 

Anorexia 1.06 1546 38.65 157.0 3.93 32.39 0.81 124.6 3.12 

Anorexia 0.77 929 28.41 NA NA NA NA NA NA 

Anorexia 0.92 698 21.15 NA NA NA NA NA NA 

Crohn's NA NA NA 73.6 1.94 6.22 0.16 67.39 1.77 

Crohn's 0.83 1100 27.5 120.5 3.01 13.29 0.33 107.2 2.68 

Crohn's 0.67 2692 59.82 156.3 3.47 41.83 0.93 114,5 2,54 

Crohn's 0.9 1174 40.48 119.5 4.12 13.95 0.48 lO5.6 3,64 

Crohn's 0.74 1132 28.3 147.1 3.68 14.59 0.37 132.5 3.31 

Crohn's 0.78 1802 45.05 132.6 3.32 18.40 0.46 114.2 2.85 

Crohn's 0.69 936 28.36 101.4 3.07 5.38 0.16 96.05 2.91 
Crohn's NA 990 27.5 72.5 2.01 16.84 0.38 58.67 1.63 
Tuberculosis 0.84 781 22.31 169.7 4.85 8.74 0.24 161.2 4,61 

Tuberculosis 0.68 NA NA NA NA NA NA NA NA 
Tuberculosis NA NA NA 185.0 5.97 29.55 0.96 155.5 5.02 

IPSID NA NA NA 172.6 4.01 21.77 0.51 150.8 3,51 

IPSID NA 1792 35.86 108.6 2.17 20.59 0.41 87.98 1.76 
Short Bowel NA 1340 27.91 179.8 3.75 14.80 0.31 164.9 3.44 

NA NA NA 225.2 5.00 52.37 1.64 172.8 3,84 

Melanoma 0.68 898 24.6 131.3 3.60 9.45 0.26 121.9 3,34 

Ca NA NA NA 135.8 4.38 29.80 0,96 105.8 3.41 

Mean 0.80 1216 33.02 148.0 4.11 20.70 0.58 127.4 3.56 
Std Dev 0.12 500.9 11.06 40.98 1.50 12.37 0.38 35.18 1.35 
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Anorexia 1.05 1199 39.97 147.0 4.90 22.75 0.76 124.2 4.14 

Anorexia 0.8 1170 25.44 225.2 4.90 49.58 .08 175.7 

Anorexia 0.99 972 22.61 229.4 5.34 24.82 0.58 204.6 4.76 

Anorexia 1.25 1531 32.23 205.5 4.33 45.53 0.96 160.0 3.37 

Anorexia 0.8 858 18.94 NA NA NA NA NA NA 

Anorexia 1.14 1069 26.73 NA NA NA NA NA NA 

Crohn's NA NA NA 180.4 3.61 14.17 0.28 166.3 3.33 
Crohn's 0.92 884 19.22 129.8 2.82 11.19 0.24 118.6 2.58 
Crohn's NA NA NA 169.8 3.65 14.81 0.32 155.0 3.33 
Crohn's 0.88 1634 38.91 175.3 4.17 23.90 0.57 151.4 3.60 
Crohn's 0.72 1016 25.40 191.1 4.78 30.49 0.76 160.6 4.02 

Crohn's NA 1171 212.8 5.19 29.18 0.71 183.7 4.48 

Tuberculosis 0.95 1732 36.08 181.5 3.78 19.09 0.40 162.4 
IPSID NA NA NA 391.8 7.53 51.53 0.99 340.3 6.54 
IPSID NA 1763 31.77 283.9 5.12 63.22 14 220.7 3.98 

Short Bowel 0.94 1458 25.14 109.0 1.88 11.60 0.20 97.35 1.68 
Amyloid NA NA NA 215.0 4.67 19.16 0.42 195.8 4.26 
Melanoma 0.76 1049 27.61 156.8 4.13 17.48 0.46 139.3 3.67 
Ca NA 205.2 5.70 39.16 1.09 166.0 4.62 
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Gastric Gastric Antrum Duodenum 

Control 29.9 21.2 27.0 

Control 30.6 16.6 22.4 

Control 22 54.9 24.9 

Control 58.2 17.6 21.0 

Control 51.9 17 24.9 

Control 18.8 30.1 53.7 

Control 45.6 41.5 39.3 

Control 50.7 22.6 10.3 
Control 35.9 27.1 23.7 
Control 33.9 38.6 16.9 
Control 43.2 27.6 39.4 

Control 42.9 24.4 24.8 

Control 35.3 14.5 11.7 

Control 20.2 20.4 49.9 

Control 21.4 7.1 4.5 

Control 26.2 24.4 20.8 
Control 12.9 28.3 15.6 

Mean 34.09 25.52 25.34 

Std Dev 13.10 11.34 13.39 
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Gastric Gastric Antrum Duodenum 
(%/d) 

Anorexia 41.9 52.6 49.5 

Anorexia 32.3 33.9 26.l 

Anorexia 41.4 12.2 21.4 

Anorexia 28.6 37.1 43.1 

Anorexia 38.4 36.4 30.7 

Anorexia 41.5 35.5 35.6 
Crolm's 22.6 17.7 17.3 

Crolm's 27.8 23.7 30.2 
Crolm's 33.7 22.7 25.8 
Crolm's 57.8 35.1 31.4 
Crolm's 46.3 18.l NA 
Crolm's 47.6 26.9 31.7 
Crolm's 35.2 12.7 21.6 
Short Bowel 28.4 20.3 24.2 
Tuberculosis NA 18.9 19.3 
IPSID 15.5 8.7 21.7 
IPSID 11.9 17.3 14.5 

14.2 38.6 15.5 
TB 67.4 25.4 25.3 
Ca Lung 9.7 11.5 21.2 

Mean 33.80 25.27 26.64 
Std Dev 15.38 11.5 9.07 
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Gastric Gastric Antrum Duodenum 

Anorexia 53 24.3 35.60 
Anorexia 42.1 33.4 34.00 

Anorexia 63.8 54.9 36.90 
Anorexia 57.3 31.5 40.10 
Crohn's 44.5 22.7 33.60 
Crohn's NA 34.5 18.8 
Crohn's 33.9 32.4 29.80 
Crohn's 103.7 36.0 119.6 
Melanoma 53.3 40.4 39.20 
Short Bowel 44.3 51.9 123.0 
Tuberculosis 24.4 15.6 23.20 
rpSfD 18.1 17.6 14.6 
IPSID 25.2 38.1 36.10 
Amyloid 1.8 4.1 30.8 
Ca 99.7 38.9 30.5 

Mean 47.51 31.75 43.05 
Std Dev 28.46 13.36 32.58 
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DIAGNOSIS: Gastric Acid Pancreatic Secretion 

BAO 

Control NA NA 1930 52.8 322.7 

Control NA NA 546 33.0 203.3 

Control 3.3 27.2 2700 170.6 616.7 

Control 4.0 13.8 4614 103.4 306.7 

Control 3.0 35.0 2504 199.6 400.7 

Control 2.0 8.5 1586 85.6 209.3 

Control 10 50.1 2770 212 443.3 

Control 1.4 18.6 2158 134.1 397.3 

Control 3.8 25.0 1340 95.0 208.7 

Control 3.3 26.0 2900 100 305.3 

Mean 3.85 25.53 2305 118.6 341.4 
Std Dev 2.63 12.94 1096 59.73 129.0 

Gastric Acid Pancreatic Secretion 

Control 4.2 7.92 1590 44.06 196.7 

Control 9.4 16.6 920 80.8 365.3 
Control 14.4 2160 119.24 456.7 

Mean 10.90 2213 84.93 498.9 

Std Dev 3.51 801.5 22.65 179.6 

MAO Maximal Acid 
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DIAGNOSIS: Gastric Acid Pancreatic Secretion 

BAO 

Anorexia 0 7.1 1052 42.8 162.9 

Anorexia 0 10 1278 12.6 43.0 

Anorexia NA NA 1058 121 203.3 

Anorexia 0 13.4 770 80.06 118.0 

Anorexia 0 15.2 934 76.48 131.3 

Anorexia 5.5 1570 101.8 238.0 

Crohn's 0 8.5 35.4 23.44 29.01 

Crahn's 0 4.2 3024 103.4 122.0 

Crahn's 2.2 14 122.5 2.92 15.25 

Crohn's 1.45 9.9 324 8.24 99.14 

Crohn's 0.6 5.6 16.4 1.82 30.67 

Crahn's NA NA 840.4 32.76 100.0 
Crahn's 0 1022 42.8 214/0 

Crohn's 0.2 4.5 692 48.66 169.3 
Melanoma 0 1.1 712 29.08 226 
Short Bowel 0 0 480 3.12 72.0 
Tuberculosis 0 2.8 780 1.00 135.3 
Tuberculosis 0 0 189.2 14.28 99.33 

Mean 0.34 6.66 827.8 41.46 122.7 
Std Dev 0.66 4.82 700.1 39.08 69.52 

Gastric Acid Pancreatic Secretion 

BAO MAO 

0.4 4.2 814 6.86 55.34 

0 4.22 189.1 4.06 91.33 
Crohn's 2.4 7.9 1790 131.8 558 
IPSID 1.6 1.7 338 11.96 181.3 
IPSID 0 3.28 2662 41.48 248.7 

Tuberculosis 0 4.11 137.2 4.72 37.22 

Tuberculosis NA 5.35 160.4 13.86 57.5 

Mean 0.73 4.39 870.1 30.68 175.6 
Std Dev 1.03 1.91 987.3 46.41 185.4 
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DIAGNOSIS: Gastric Acid Pancreatic Secretion 

BAO MAO 

Anorexia 1.2 7.8 1478 152 172.7 

Anorexia 0 12.5 1698 69.8 154.0 
Anorexia 0 14.2 1222 80.0 121.3 

Anorexia 0 8.6 2602 270 342.0 
Crohn's 14 12.9 834 20.42 52.0 

Crohn's 0.8 22.4 4112 240 394.7 
Crohn's 2.4 8.8 3358 126.3 315.3 

Crahn's 5.4 9.9 3100 69.96 256.0 
Crohn's NA NA 2810 113.6 253.3 
Crahns 0.6 9.8 2336 56.2 266.0 
Melanoma 0 2.9 1942 33.62 181.3 
Short Bowel 0 14.3 1156 49.42 136.7 
Tuberculosis 0 13.8 1858 62.0 149.3 
Tuberculosis NA NA 774 77.42 126.6 

Mean 0.98 11.49 2091 101.5 208.7 
Std Dev 1.58 4.75 1004 74.13 97.64 

Gastric Acid • ~ .... - .... Pancreatic Secretion 

0.4 4.46 3440 6.8 136.0 
NA NA 1124 7.66 153.3 

Crohn's 0.8 9.17 4420 114 584.0 
IPSID 1782 85.46 206.7 
IPSID 0 1.27 2518 70.52 216.7 
Tuberculosis 0 0 820 68.56 61.7 

Mean 0.44 3.52 2351 58.83 226.4 
Std Dev 0.45 3.50 1391 43.15 183.8 
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o mins 15 mins 45 mills 75 mills 105 mills 135 mins 165 mills 195 mills 225 mins 

Control 0.000 0.000 0.018 0.062 0.154 0.255 0.471 0.540 0.584 

Control 0.000 0.000 0.011 0.089 0.234 0.275 0.484 0.599 0.711 

Control 0.000 0.000 0.000 0.031 0.151 0.227 0.393 0.409 0.512 

Control 0.000 0.000 0.000 NA 0.161 0.232 0.475 0.579 0.550 

Control 0.000 0.000 0.000 0.008 0.045 0.124 0.178 0.242 0.343 

Control 0.000 0.000 0.000 0.009 0.031 0.065 NA 0.225 0.281 

Control 0.000 0.000 0.037 0.050 0.147 NA 0.454 0.651 0.945 

Control 0.000 0.000 0.000 0.061 0.184 0.320 0.355 0.482 0.539 

Control 0.000 0.000 0.000 0.027 0.095 0.163 0.296 0.331 0.413 

Control 0.000 0.000 0.000 0.052 0.207 0.398 NA NA 1.006 

Mean 0.000 0.000 0.007 0.043 0.141 0.229 0.388 0.451 0.588 

Std Dev 0.000 0.000 0.012 0.027 0.066 0.101 0.108 0.157 0.239 

o mills 15 mills 45 mins 75 mins 105 mins 135 mins 165 mills 195 millS 225 mills 

Control 0.000 0.000 0.025 0.113 0.186 NA 0.706 0.752 NA 
Control 0.000 0.000 0.007 0.069 0.253 0.364 0.500 0.581 0.638 
Control 0.000 0.000 0.000 0.052 0.283 0.324 0.434 NA 0.566 
Control 0.000 0.000 0.000 NA 0.240 NA 0.643 0.623 0.701 

Control 0.000 0.000 0.000 0.021 NA NA 0.341 0.379 0.497 
Control 0.000 0.002 0.007 0.011 0.036 0.114 0.149 0.339 0.330 
Control 0.000 0.000 0.023 0.050 0.312 NA NA 0.812 1.110 
Control 0.000 0.000 0.000 0.057 0.236 0.473 0.473 0.587 0.801 
Control 0.000 0.000 0.005 0.036 0.165 0.246 0.557 0.692 0.578 

0.090 0.370 0.500 NA NA 0.873 

0.055 0.231 0.337 0.475 0.595 0.677 
0.032 0.096 0.144 0.175 0.167 0.229 
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Anorexia 

Anorexia 

Anorexia 

Anorexia 

Anorexia 

Crohn's 

Crahn's 

Crohn's 

Crohn's 

Crahn's 

Crahn's 

Crohn's 

Melanoma 

Short Bowel 

Tuberculosis 

Mean 

Std Dev 

Anorexia 

Anorexia 

Anorexia 

Anorexia 

Anorexia 

Crahn's 

Crahn's 

Crohn's 

Crohn's 

Crahn's 

Crohn's 

Melanoma 

Short Bowel 

Tuberculosis 

Mean 

Std Dev 

o mins 15 mins 45 mins 75 mins 105 mins 135 mins 165 mins 195 mins 225 mins 

0.000 

0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

0.000 

0.000 
0.000 
0.000 
0.000 

0.000 

0.000 
0.000 

0.000 
0.000 

0.065 

0.017 
0.006 
0.000 
0.000 
0.000 

0.000 

0.000 

0.000 

0.000 
0.000 
0.000 

0.000 

0.006 

0.017 

0.024 

0.000 

0.008 
0.009 
0.019 
0.013 

0.007 
0.000 

0.009 

0.000 

0.000 
0.000 
0.000 
NA 

0.011 

0.007 

0.008 

0.049 
0.151 

0.051 
NA 

0.058 
0.014 

0.012 
0.024 

NA 
0.102 

0.000 
NA 

0.024 
NA 

0.049 

0.049 

0.044 

0.337 

0.430 

0.369 
0.114 
0.257 
0.094 
0.069 
0.078 

NA 
0.133 
0.Ql8 

NA 
0.076 
NA 

0.172 

0.179 
0.136 

0.443 

0.595 
0.573 

0.337 
0.312 
0.109 
0.096 

0.121 
0.313 

0.145 

0.096 
NA 

0.181 
NA 

0.256 

0.275 
0.175 

0.553 
0.635 

0.814 

0.439 
0.472 
NA 

0.136 
0.137 

0.367 

0.153 

0.119 

0.390 
0.284 
0.339 
NA 

0.372 
0.213 

0.572 

0.411 

0.819 
0.399 

0.589 
NA 

0.162 
NA 

0.358 

0.251 

0.133 
0.403 
0.308 
0.483 
0.578 

0.420 
0.190 

NA 
NA 
NA 

0.558 

0.671 
NA 
NA 

0.266 

0.447 

0.307 

0.254 
0.640 

0.257 
0.524 
0.860 

0.478 
0.209 

o mins 15 mins 45 mins 75 mins 105 mins 135 mins 165 mins 195 mins 225 mins 

0.000 

0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
0.000 

NA 
0.005 

0.009 
0.003 
0.006 
0.000 
0.003 
0.000 
0.000 
0.000 

0.000 
0.000 

0.002 
0.003 

NA 
NA 

0.069 

NA 
0.399 
0.013 
0.012 
NA 
NA 
NA 
NA 

0.016 

NA 
0.005 

0.085 
0.155 

NA 
0.395 

0.304 
0.180 

0.275 
0.034 
0.054 

0.038 
NA 
NA 
NA 

0.054 

NA 
0.119 

0.161 
0.134 

0.568 

0.625 

0.512 

0.355 
0.107 

0.086 
0.118 
0.103 
NA 

0.Ql8 

0.507 

0.183 
NA 

0.419 

0.300 
0.220 

0.617 
NA 

0.700 
0.388 

0.596 
NA 
NA 
NA 

0.720 
0.080 
0.723 
0.306 

0.373 
NA 

0.500 
0.225 

1.144 

NA 
0.918 
0.468 

0.631 
NA 

0.185 
0.175 
1.049 
0.327 
NA 

0.370 

0.544 
NA 

0.581 

0.349 

NA 
NA 
NA 

0.667 

0.764 
NA 
NA 

0.248 
0.813 
0.354 

0.748 
NA 

0.621 

0.774 

0.624 

0.210 
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o mins 15 mins 45 mins 75 mins 105 mins 135 mins 165 mins 195 mins 225 mins 

Anorexia 0,000 0.001 0.041 0.361 0.645 0.650 0.663 0.710 0.782 

Anorexia 0.000 0.000 0.003 0,017 0,068 0.138 0.536 NA 0,556 

Anorexia 0.000 0.018 0.020 0.021 0.044 0.117 0.127 0.169 0.264 
Anorexia 0.000 0.000 0.020 0.011 0,074 0.141 0.292 0.423 0.513 

Crohn's 0,000 0.000 0.000 0.056 NA 0.140 NA 0.216 0.224 
Crohn's 0.000 0.000 0.006 NA NA 0.429 0.392 0.475 0.981 
Crohn's 0.000 0.000 0.006 0.019 0.054 0.1l3 0.202 NA NA 
Crohn's 0.000 0.000 0.000 0.016 0,078 0.138 0.172 NA NA 
Melanoma 0.000 0.000 0,011 NA 0.236 NA 0.547 NA 1.293 

Short Bowel 0.000 0.000 0,005 0,012 0.029 0.058 0,106 NA NA 

Tuberculosis 0.000 0.000 0.000 0.016 NA 0.133 0.150 NA 0.299 

Mean 0.000 0.002 0.010 0.059 0.154 0.206 0.319 0.399 0.614 
Std Dev 0.000 0.005 0.012 0.114 0.209 0.185 0.203 0.218 0.380 

o mins 15 mins 45 mins 75 mins 105 mins 135 mins 165 mins 195 mins 225 mins 

Anorexia 0.000 0.003 0.047 0.338 NA NA 0.667 0.707 0.735 
Anorexia 0.000 0.000 0.001 0.021 0.038 0.170 0.249 0.398 0.402 
Anorexia 0.000 0.000 0.014 0.017 0.044 0.089 0.127 0.221 0.278 
Anorexia 0.000 0.000 0.020 0.007 0.088 0.253 0.382 0.453 0.587 
Crohn's 0.000 0.000 NA 0.053 NA 0.125 NA 0.179 0.257 
Crohn's 0.000 0.000 0.006 NA NA 0.670 0.444 0.798 0.541 
Crohn's 0.000 0.000 0.021 0.013 0.053 0.137 0.218 NA NA 
Crohn's 0.000 0.000 NA 0.020 0.098 0.186 0.294 NA NA 
Melanoma 0.000 0.000 0.017 0.048 0.158 NA 0.603 NA 1.137 
Short Bowel 0.000 0.000 0.005 0.010 0.023 0.067 0.079 NA NA 
Tuberculosis 0.000 0.000 NA NA NA 0.098 0.180 NA 0.195 

Mean 0.000 0,000 0.016 0,058 0.072 0.200 0,324 0.459 0.516 

Std Dev 0.000 0.001 0.014 0.106 0.047 0.185 0.197 0.251 0.311 
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Production Turnover Production Turnover Pool 

Control 0.94 29.39 6120 0.91 42.67 678.6 

Control 0.90 32.97 1485 0.80 30.71 642.3 

Control 1.12 27.00 9370 0.85 29.02 2032 

Control 1.28 35.49 11560 0.94 37.16 751.4 

Control 1.41 18.86 11719 1.19 26.23 l354 

Control 1.48 16.82 7073 1.03 16.57 955.2 

Control 1.11 44.01 6460 0.96 51.48 830.4 

Control 0.92 26.51 6333 1.07 39.93 867.3 

Control 1.2 22.14 3699 1.08 36.11 491.1 

Control 1.25 56.69 4565 0.80 42.51 721.8 

Mean 1.16 30.99 6838 0.96 35.24 932.4 
Std Dev 0.20 12.11 3286 0.13 9.93 450.0 

Production Production Time Turnover = Pool Turnover Rate 
Pool = Pool Size 

247 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Production Production 

Anorexia 0.78 33.69 3124 1.65 88.55 184.0 
Anorexia 1.15 50.49 2532 0.89 57.50 74.78 
Anorexia 1.02 53.17 961.2 1.06 52.42 189.9 
Anorexia 1.15 28.82 3260 0.99 29.15 434.2 
Anorexia 0.9 30.71 3786 1.15 39.18 510.2 
Crohn's 0.83 10.52 178.5 0.94 7.60 318.4 
Crohn's 0.83 8.60 NA 0.95 10.86 1282 
Crohn's 1.03 11.86 1020 1.34 17.02 85.53 
Crohn's 0.59 19.05 1341 1.34 57.14 151.5 
Crohn's 0.49 11.32 60.08 NA NA NA 

Crohn's 1.67 14.26 5775 2.32 35.42 335.4 
Crohn's 1.74 39.61 720.0 1.08 37.90 328.6 

Melanoma 1.16 20.04 3593 1.31 24.63 849.4 
Short Bowel 1.05 25.51 1878 1.28 32.48 22l.6 
TB Bowel 1.08 36.83 2250 1.23 40.50 346.8 

Mean 1.03 26.30 2177 1.25 37.88 379.5 
Std Dev 0.34 14.41 1616 0.37 21.33 327.6 

Production = Production Time Turnover = Pool Turnover Rate 
Pool = Pool Size (U) 

248 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Production Production 

Anorexia 0.26 34.56 4321 0.30 35.65 442.8 

Anorexia 1.24 32.67 3474 1.14 20.63 551.5 

Anorexia 0.99 10.78 8096 1.11 12.36 690.3 

Anorexia 1.16 24.07 10810 1.06 26.84 1274 

Crobn's 0.40 8.94 10116 0.69 9.89 613.4 

Crohn's 1.17 41.67 7584 1.03 38.90 963.1 

Crohn's 1.01 13.21 25678 1.00 14.71 2144 

Crobn's 1.08 15.48 19057 1.18 22.87 1044 

Melanoma 1.09 56.40 3749 1.08 50.80 353.7 

Short Bowel 0.99 6.89 11545 0.94 5.64 1841 

TB Bowel 1.18 14.12 11795 0.97 10.15 1382 

Mean 0.96 23.53 10566 0.95 22.59 1027 

Std Dev 0.32 15.90 6738 0.25 14.23 583.7 

Production = Production Time Turnover = Pool Turnover Rate (%/h) 

Pool = Pool Size 
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