VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

THE ORAL MUCOSA IN IRON DEFICIENCY

Volume 2 of Two Volumes

JAMES’STARK RENNIE

B.D.S., F.D.S.R.C.P.S. (GLASG)

THESIS

Submitted for the Degree of Doctor of Philosophy

Department of Oral Medicine and Pathology
Glasgow Dental Hospital and School

University of Glasgow, April 1979



ProQuest Number: 10984299

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10984299

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



VOLUME 2

CONTENTS

FIGURES AND TABLES

ABBREVIATIONS

APPENDIX 1

APPENDIX 2

PAGE

1 - 84

85

86

87



Species Iron

Human (male) 50 mg
- Rat 60 mg
Dog 66 mg
Heifer 61 mg
Horse 66 mg

Table 1.1 Iron per kilogram of body weight for
different species. Adapted from Moore et al (1962).

% of Total
Compound Body Iron
Haemoglobin 70.5
Myoglobin 3.2
Storage 26.0
Plasma and Enzyme
Iron 0.3

Table 1.2 The distribution of body iron.
Adapted from Moore et al (1962).



Recommended intake
according to type of diet
Absorbed
Age and Sex igogired Animal Animal Animal
(mq) Poods Foods Foods
g below 10% 10-25% over 25%
of of of
calories calories calories
(mg) (mg) (mg)
Infants™
0- 4 months 0.5
5-12 months 1.0 10 7 5
Children
1-12 years 1.0 10 7 >
Boys
13-16 years 1.8 18 12 9
Girls
13-16 years 2.4 24 18 12
Menstruating
women + 2.8 28 19 14
Men 0.9 9 6 5

*Breast-feeding is assumed to be adequate

+ For non-menstruating women the recommended intakes
are the same as for men

Table 1.3 Recommended daily intakes of iron (WHO, 1970).



Iron Serum Transferrin
Stage Stores Iron  Saturation  Haemoglobin Film
TIron Absent
depletion or Normal Normal Normal Normal
: reduced
Iron
deficiency Absent Low 16% Normal Normal
without
anaemia
Iron deficiency
anaemin Absent Tow 16% Low Abnormal

Table 1.4 Stages of iron deficiency.



g/dl

Children 6 months to 6 years 11
Children 6-14 years 12
Adult males 13
Adult females, non-pregnant 11
Adult females, pregnant 11

Table 1.5 Haemoglobin concentrations below which
anaemia is likely to be present at sea level (WHO, 1972).



Figure 2.1 Three dimensional structures represented on a
two dimensional section. Lattice of squares with marked centre
points superimposed on the shape to be examined.
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Fig. 2.2 Accumulative means test for determination
of minimal sample size.
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Figure 2.3 3 mm diameter trephine type biopsy punch and
a mucosal punch biopsy.



Figure 2.4 Biopsy site, incision and wound.
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Figure'2.5 Normal buccal epithelium showing the
distribution of the cell compartments.x368
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Figure 2.6

Leitz Ortholux microscope and projection screen.
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Figure 2.7 The projection head of a Leitz Ortholux
microscope with a superimposed 0.5 cm grid for point counting.

The two vertical lines define the column of epithelium used
for stereological analysis.
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Figure 2.8 Accumulative means test for the number of
point counts required per field to give values within
10 per cent of the mean.
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Figure 2.9 Accumulative means test for the number of
fields per biopsy required to give values within 10 per

cent of the mean.
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Magnification = 12,5 x 25 Points counted

"
+d

312.5 Column width 27 pm

10 x 10

Unit area on screen represents 310.5 x 312.5 S4mb of section

= 0.001024 sq mm

Area of compartment = P x 0.001024 sq mm

. Area
Thickness = GoTumn Width

P x3.793 um

Figure 2,10 Conversion of point count to area measurement
and then to absolute thickness.



Subject
1

wm S W

Mean

Table 2.1

Subject Serum Iron T.I.B.C.

1
2
3
4
p)
Mean

Table 2.2

Sex

E B B B =

Age, sex and haematological values for
control subjects.

pmol/1 pmol/1
12.9 62.3
18.3 677
24,7 75.2
379 88.1
16.6 69.8
28.1 76.6

Ag
40
31
38
37
33

33

e

.8

Haemoglobin g/dl

15.2
15.8
15.4
16.5
15.6

15.7

% Saturation Folate

20,7
27.0
32.8
43.0
23.8

29.5

Blood Film

pg/al
116

272
189
229
250

211.

normal
normal
normal
normal

normal

Vit Bl

ng/1
295
315
400

2

510
450

2 394.0

Biochemical values for control subjects.
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Patient Sex Age Aetiology of Iron Deficiency
1 M 70 Chronic blood loss;
carcinoma of colon
2 M 56 Chronic blood loss;
peptic ulcer
3 M 74 Dietary deficiency
4 M 45 Chronic blood loss;
haemorrhoids
5 F 17 Chronic blood loss;
menorrhagia
6 F 39 Chronic blood loss;
peptic ulcer
7 B 60 Chronic blood loss;
peptic ulcer
8 F 45 Chronic blood loss;
menorrhagia
9 F 68 Chronic blood loss;
diverticular disease
10 F 34 Chronic blood losss
peptic ulcer
11 F 72 Chronic blood loss;
diet and aspirin ingestion
12 F 19 Chronic blood loss;
menorrhagia
13 F 39 Chronic blood loss;
menorrhagia

Table 2.3 Patients' age and seX. The aetiology of
iron deficiency.



Patient Haemoglobin Serum

g/dl

1 8.7
2 T.1
3 7:0
4 8.1
5 10,2
6 6.1
7 4.4
8 9.6
9 5¢9
10 9.9
11 8.3
12 9.2
13 10.2
Mean 8.05

oL/l
6.8
4.3
3.6
0.5
4.5
4.3
3.6
4.5
4.8
6.8
4,7
4.5
3.0

4.29

TIBC

pmol/1

74.8
96.7
84.3
94.5
85.9
89.1
73.0
65.5
94.6
65.5
8l.6
85.5
7846

82.01

% Saturation Folate

9.1
4.4
4.3
0.5
5.2
4.8

6.9
5.1
10.4
56
53
5.8

5.41

ng/dl

347
190
366
278
121
normal
normal
564
normal
287
normal
392
272

Table 2.4 Haematological and biochemical values of

anaemic patients.
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Vit B12

ng/dl

411
200
460
430
normal
normal
750
normal
489
normal
315
450



Subject Progenitor

11.5
4.5
7.0
645
Te6

vt o~ W o

Mean Te4

Maturation

100.7

85.4
106.3%
124.4
122.8

107.9

Total

112,2

89.9
113.3
130.9
130.4

115.3

Table 2.5 Mean point count per grid position for

normal subjects.

Subject Progenitor

1 43.6
2 17.1
3 2646
4 24.7
5 28.8
Mean 28.2

Table 2.6 Total epithelial and compartment thickness

in pm for normal subjects.

Maturation

382,.0
323.9
403.2
471.8
465.8

409.3

Total

425.6
341.0
429.8
496.5
494.6

437.5

17



Subject Progenitor Maturation Prog/Mat

4 5.0 9500 5.3

Mean 6.4 93.6 7.0

Table 2.7 Percentage of the epithelium formed by each
compartment in normal subjects and the progenitor/maturation
compartment ratio.

Mat 93-6 %
Prog 6-4%
2 1
Pigure 2.11 Compartment analysis of buccal epithelium

from normal subjects. X 220
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Patient Progenitor Maturation Total

1 75 93.5 101.0
2 9.2 672 7644
3 7.0 7645 83.5
4 8.8 50.4 59.2
5 6.8 42,2 49.0
6 13.7 62.9 7646
7 9.4 5343 62.7
8 9.7 41.4 51,1
9 9.0 42,6 51.6
10 7.0 6345 70.5
11 5.4 53.1 5845
12 643 22,9 29.2
13 6.4 30.5 36.9
Mean 8.2 53.9 62,0

Table 2,8 Mean point count per grid position for
anaemic patients.



Patient Progenitor

1 28.4
2 34.9
3 2645
4 33.4
5 25.8
6 52.0
7 3547
8 36.8
9 34.1
10 2645
11 20,5
12 23,9
13 24,3
Mean 31,0

Table 2,9 Total epithelial and compartment thickness

in pm for anaemic patients.

Maturation

354.7
254.9
290,2
191.2
160.1
238,6
202,2
157.0
161.6
240,9
201.4

8649
115.7

204.3

Total

383,1
289.8
316.7
224.,6
185.9
290.6
237.9
193.8
195.7
267 .4
221.9
110.8
140.0

235.3

20



Patient Progenitor Maturation Prog/Mat x 100

1 744 92.6 8.0
2 12,0 88.0 13.6
3 8.4 91.6 9.2
4 14.9 85.1 17.5
5 13.9 86.1 16.1
6 17.9 82.1 21.8
7 15.0 85.0 17.6
8 19.0 81.0 23.4
9 17.4 82.6 21.1

10 9.9 90.1 11.0

11 9.2 90.8 10.2

12 21.6 78.4 27.5

13 17.3 82.7 21.0

Mean 14.1 85.9 15.3

Table 2.10 Percentage of the epithelium made up by each
compartment in patients with anaemia and the progenitor
maturation compartment ratio.
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Figure 2.12 Compartment analysis of buocoal epithelium

from anaemic patients.x.600



Progenitor Cell Compartment Thickness

Normal Subjects Rank Anaemic Patients Rank
43,6 17 28.4 10
17.1 1 34.9 14
26.6 9 26.5 Te5
24,7 5 3344 12
28.8 11 25.8 6

13 52 18
357 15
36.8 16
34,1 13
26.5 Te5
20,5 2
25.9 3
24.3 4
128

u=mn) Xn, +n, (n2 +1) - R2

5x13% +13% (13 + 1) - 128
2 5=

28

fv]
1

P ) ol

n; = number of valués in the smaller group
n, = number of values in the larger group
R2 = sum of the ranks of the group of sample size N2

Figure 2.13 An example of the use of Mann-Whitney U Test.
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FRONTAL BONE

POSITION OF
ORBITAL SINUS

MAXILLARY BONE

Figure 3.1 The position of the retro-orbital venous sinus
in the hamster. Needle in situ (Pansky et al, 1961l)e

Figure 3.2 Needle position for removal of blood from the
retro-orbital venous sinus.



Normal Animals

Experimental Animals

3
Weeks
Figure 3.3 The serum iron of experimental animals over
the course of the experiment.
Figure 3.4 Collection of blood from the inferior vena cava

of the hamster.
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Figure 3.5

Compartments of normal hamster ventral tongue

epithelium.X770

Figure 3.6

Ker

Mat

Prog

Compartments of hamster ventral epithelium.X1100
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Animal Week Week Week
1 8 16

l 13.5 1800 1705

2 14.7 - 19,0 18,3

3 15.5 17.8 .16.8

Table 3.2 Haemoglobin values in g/dl for normal animals.,

Animal Week Week Week
1 8 16

1 65.9 . 3h.b 63.4

2 21.5 65.0 65.5

) - 54,2 66.0

. M imals.
Table 3.3 Serum iron values in pmol/l for normal anima
(Missing value due to haemolysis of the blood sample) .
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Animal Week Week Week
1 8 16

4 16.7 18.8 18.1

5 16.5 16.0 17.1

6 16.9 18.3 17.7

7 17.3 18.8 19.9

8 15.7 18.8 18.0

Table 3.4 Haemoglobin values in g/dl for animals in the
iron deficient diet group.

Animal Weik Wegk Wigk
4 72.9 69.3 60.1
5 89.1 58.5 63.5
6 77.0 34.4 46.2
7 83.8 7.9 62.8
8 53.8 - 58.5

. i in the
Table 3.5 Serum iron values in pmol/l for animals in i s).
iron deficient diet groups. (Missing value due to haemolysis)
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NORMAL EXPERIMENTAL

irontefi”™i
blue, x100Q10

~“arfow from normal animals and animals in the
bleeding group. Peris prussian
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Animal Progenitor Maturation Keratin Total
1 436 1331 490 2257
2 632 1650 980 3262
3 474 1527 693 2694

Table 3.8 Total numbers of points counted per compartment
for normal animals.

Animal Progenitor Maturation Keratin Total

1 10.1 30.9 11.3 52.3
2 14.6 3843 22,7 7546
3 11.0 35.4 16.1 6245

Table 3,9 Epithelial and compartment thickness in pm for
normal animals.

Animal Progenitor Maturation Keratin
1 19.4 59.0 2l.6
2 19.4 5046 30.0
3 17.6 56.6 25.7

Table 3.10 Percentage of the epithelium made up by each
compartment for normal animals.



Animal Progenitor Maturation Keratin Total

4 483 1775 565 2823
5 538 1371 823 2732
6 498 1401 636 2535
7 670 2118 1083 3871
8 533 1563 902 2998

Table 3.11 Total number of points counted per compartment
for animals in the iron deficient diet group.

Animal Progenitor Maturation Keratin Total
4 11.2 41.1 13.1 65.4
5 12,5 31.7 19.1 633
6 11.6 3245 14.7 58.8
7 15.5 49.1 25.1 89.7
8 12,3 3642 | 20.9 69.4

Table 3,12 Epithelial and compartment thickness in pm
for animals in the iron deficient diet group.

Animal Progenitor Maturation Keratin
4 17.1 62.8 20.1
5 19.8 50.1 30.1
6 19.7 55.3 25.0
7 17.3 54.7 28,0
8 17.7 52.2 30.1

Table 3.13 Percentage of the epithelium made up by each
compartment for animals in the iron deficient diet group.



Animal

9
10
11
12
13
14
15
16

Table 3.14

Animal

10
11
12
13
14
15
16

Table 3.15

Progenitor

447
502
492
557
608
510
655
599

Maturation

939
1307
1119
1361
1457
1171
1771
1520

Keratin

657
484
647
653
482
789

( 883
749

35

Total

2043
2293
2258
2571
2547
2470
3309
2868

Total number of points counted per compartment
for animals in the iron deficient diet and bleeding group

Progenitor

10.3
1l.6
11.4
12,9
14.1
11.8
15.2
13.9

Maturation

21.7
30.3
25.9
31.5
33.7
27.1
41.0
35.2

Keratin

15.2
11.2
15.0
15.1
11.2
18.3
20.5
17.3

Total

47,2
53.1
52.3
59.5
59.0
57.2
76.7
66.4

Epithelial and compartment thickness in pm
for animals in the iron deficient diet and bleeding group.



Animal Progenitor Maturation Keratin

9 21.9 45.9 32,2
10 21.9 57.0 21.1
11 21.8 49.5 - 28.7
12 21.7 52.9 25.4
13 23,9 57.1 19.0
14 20.6 47.4 32.0
15 19.8 5345 26,7
16 20.9 53.0 26.1

Table 3.16 Percentage of the epithelium made up by each
compartment for animals in the iron deficient diet and
bleeding group.
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Animal Week 1 Week 1% Week 27

1 16.6 17.5 13.9
2 16.8 15.6 15.2
3 16.8 15.5 13.3
4 16.8 17.5 16.5
5 14.5 16.2 15.2
6 15.6 16.5 15.6
7 13.4 l6.1 16.3
8 13.4 15.4 14.1
9 16.1 16.8 - 16.1
10 16.3 16.2 14.2
Mean 15.6 16.3 15.0

Table 4.3 Haemoglobin values in g/dl for normal animals.

Animal Week 1 Week 13 Week 27

1 575 T2.5 37.1
2 56.9 57.5 63.9
3 6642 - 31.1
4 6007 6707 -
5 62.7 43,5 55.5
6 39.0 68.9 37.1
7 68.6 66.1 48,9
8 54.1 59.6 58.0
9 56.7 34.2 43%.9
10 55.5 57.5 39,0
Mean 57.8 58.6 46.1

Table 4.4 Serum Iron values in pmol/l for normal apimals.
(Missing values are the result of haemolysis of occasional
blood samples).



Animal Serum Iron T.I.B.C. % Saturation

1 37.1 - -
2 63.9 119.4 535
2 31.1 8l.1 38,
5 55.5 - -
6 37.1 8l.1 45.7
7 48.9 - -
8 58.0 101.3 57.3
9 43.9 109.2 40.2
10 39.0 135.1 28.9
Mean 46.1 104.5 44.0

Table 4.5 Total Iron binding capacity in pmol/l1 and
transferrin saturation for normal animals.



Animal

Mean

32
16.3

30
16.3

26 27 28 29
17.2  15.7

15.9

25
16.5

24
17.6

g

23
16.3

12 13 14 15 16 17 18 19 20 21 22
181 143 145 166 162 166 168 17.3 15.0
16.6

17.2

11
18.1

Week

16.3

15.2

5
14.2

16.4

174 17.2 163 147 162 159

15.7

156 152 168 166 154 157 164 153 158 1.5 17.6

15.9

175 169 158 164 17.2 158 173 17.2 168 166 147 161 158 154 143 17.8 154 175 163 158 17.5

18.1

172 17.7 163 169 158

17.5

175 17.5 168 164 164 143 17.1 166 168 160 156 160 155

17.0

le.7 le7 167 164 157 154 153 167 165 160 167 199 162 164 145 17.1 167 167 163 169 151

16.0

158 169 155

16.6

l6.4 162 160 160 160 144 157 162 158 17.3 171 166 162 17.5 169 16.8

le.4

2.4 180 153 11 170 170 17.0 17.0 168 166 167 158 155 170 157 157 17.2 185 17.0 169 17.7

17.6

le.4 168 157 168 166 147 151 168 162 175 166 162 155 169 154 160 180 17.9 162 162 164

16.8

154 113 160 155 162 162 156 17.1 17.2 1.7 162 165 160

16.0

169 16.8 161 164 156 151

16.1

16.2

6.4 164 155 l6.6 156 147 156 164 169 171 160 161 155 166 168 164 168 167 168

16.7

10
11

1771169 168 169 151 145 169 164 164 173 165 160 162 164 17.2 161 169 156 149 17.9 160

15.5

6.0 168 1.6 1:62 175 144 144 168 158 17.2 168 168 17.0 166 17.0 164 175 185 164 17.7 1.9 164

12
13

169 160 156 145 136 149 164 166 166 157 161 162 17.7 160 17.0 164 154 166 168 161 161

15.8

14 169 164 168 152 162 148 139 162 168 17.5 158 145 15.1 156 170 153 157 16.8 158 13.8 164 15.8
15
16
17
18

19
20

le.2 157 153 140 123 157 157 166 166 155 165 17.1 176 151 170 161 149 17.0 17.8 153

15.1

151 147 152 142 125 126 151 149 159 143 148 156 159 157 138 159 156 145 157 159 153

15.9

173 165 158 17.5 162 150

15.8

148 152 161 147 162 17.9 165

12.3

13.4 154 161 14.8

15.6

148 120 125 148 148 138 143 150 143 152 149 151 162 159 145 154 152 150

15.0

16.1

15.0

161 17.7 150

13.4

141 150 156 139 129 121 146 145 157 138 163 17.2 166 156 163 17.0

16.1

156 157 154 152 133 135 152 163 168 144 157 161 161 162 152 168 154 146 154 13.8 15 6

16.8

161 152 146 154 123 130 137 152 150 134 142 168 157 156 165 159 144 135 145 165 150

14.8

14.5

15.0

149 159 156 123 136 136 164 168 150 150 153 162 164 165 17.0 152 143

15.7

22

150 145 143 157 131 126 124 156 161 157 156 156 150 155 137 159 158 134 160 150 157

17.3

23

142 128 168 146 135 113 1.1 124 159 144 139 157 149 155 154 158 147 126 125 149 137
14.7

15.0

24
25

130 122 128 125 135

16.8

153 17,0 148

14.0

15.6

13.1

146 146 149 1.8 1.0 1L3

15.5

150 128 164 1.0 1.2 118 1.8 135 154 139 155 155 149 136 153 168 148 125 153 148 149
15.3

14.9

26
27

1.2 131 130 133 137 13.7

14.5

152 152 139 119 1.9 1.9 1.8 130 140 132 158 150 145 149

15.9

Is.

Ima

(Missing values are as a result of clotting of occasional samples)

Table 4.6. Haemoglobin values in g/dl for experimental an



Animal

Mean
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.1
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65.2

61.6 41.8
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46.9
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.7

65. 2
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. 8

60.7

725 312 591 634

53.9

47.8

39.0

721 652 52.1 51.2 .4

58.2

56.4

67.3

45.8

BT 387 763 625

69.5

. 6
.1

75.9

74.6

77.0
75.2

49.9

7.0 637 782 637 242

65.9

36.5 165 333
45.1

20.9

30.8

.1
.7

5.7 6l.6
67.5
78.0

.8
65.3

2.2 59.1

28.3

56. 2

70.7 746 687 761 .6 49.8 55.7

2.1

12.5

3.7 431

41.1

45.8

53.9

584 77.0 57.3

59.1

.7 655 768 671.3

74.1

72.0

723 57.8 10.2

33.7

43.9 618

50.5

7.3 741 417 485 505 782 782 242 448
52.1

58.5

7.5

700 700 630 2.9 729 6.1 5.5 269 363 729 528

21.8

41.5

7223 585 721 741 5571 422

74.1

71.8

29.4 5 7L4 729 145 242 200 136 313 136 499 .8 17.9
23.3 45.1 19.7

.8
24.2

28.2 755 .9
49.9  26.9

78.4

85.4

10
11

63.0 60.3

16.8

5 117 684 36.2
78.0

47.3

a1.9

43.5

24.2

.0
.4

.3
53.7

64.4

64.4

51.0

56.4

7.4 752 69.6

17.0

286 227 251 238 5.3 430 7.0 487

56.9

56.9

12
13

41. 6

.1
21.6

13.2 .4 50.1 358
56.9

26.7

33.8

4.7

30.4 2.9 394 233

62.3

62.3 537

60.9

21.7

63.0 16.5

65.3

487 5.5 362 548 5.5 2.4 197 297 369 87 537 601 637 60.9 181

14

20.6

40.1

41.3

58.7 537

33.5
24.2

.7
54.2

.2 51,5 388 79.8 .9
28.6 3.7 46.7

.2 236 413 210
74.3

72.9

23.6

81.5

25.8

37.1 580 20.6

48.3

33.5

16.1
29.5

8L.6 - 64.8  36.2 11.3
387 46.7

16
17
13
19

. 1

48.3

29.5

38.7

18.3
61.7

231 3711 5.0 714 .1 242 322
37.1 20.4 74.6

38.7

19.3

22.6

94.0 331 .8 34.4
17.7

61.2

72.5

78.4

15.0

33.3

56.4 730 66.1
15.6

.1
18.3

60.7

€2.8

.6

.7

193 145 252 328 714 L0 634 741 703 687 387 76.8
102. 6

18.3

31.1

56.4

56.4

290 365 510 290 510 145 263

14,5

8.4 2.9 746 66.6

14.5

21.5

8.1

21.9

3.2 166 5.0 322 236 295 81 65.5 252 81 580 2.5 580 21.5 580 580 29.0 9.7 2.5 51.5
52.1 21.9

62.8

21

14.5

435

580 29.0

58.0

58.0

65.5

150 46.7 70.9

40.3

20.6

65.5
66.6

50.5

22

129

47.3

20.4

.6
18.8

6.2 40.3 666 6L.2 306 70.3 8.4 752
29.5

67.7

73.0 247

.7
18.3

68.7 29.5
21.4

70.3

23

1722 29.0

14.5

7.0
7.0
5.9

16.6

7.0 435 580 369 634 591 .4 60.7 7130
14.5 33.3

14.5

61.8

66.1 183

24
25

2.5

36.5 483

10.7

32.2

66.1

29.0

7.0
35.4

7.0
17.7

36.5 435 55.3 365 7.0
12.4

58.0

86 188
12,9

.9
18.3

17.7 242 11.8 419 2.5 24.2 188 21.5
317

20.4

12.4

53.7

25.2 537 102

26
27

23.6

16.1

21.5

16.3

31.7

.0

6.6 7.0 161 311 258

35.4

2.9 11.8 367 269 220 29.5

333

Table 4.7. Serum iron values in umol/l for experimental animals
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Total Iron binding capacity in pmol/l and
transferrin saturation for experimental animals.
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Animal Haemoglobin Serum Iron T.I.B.C. % Saturation

15 11.9 2649 61.6 - 43,7
16 11.9 22.0 104.5 2l.1
17 11.9 29.5 60.1 49.1
18 11.8 35.4 98.6 35.9
28 10.2 21.5 83.6 25.7

Mean 11.5 2701 8107 35-1

Table 4.9 Anaemic animals.

Animal = Haemoglobin Serum Iron T.I.B.C. % Saturation

13 15.2 11.8 69.1 17.1
19 13.0 6.6 8l.3% 8.1
20 14.0 7.0 109.2 6.4
21 13.2 16.1 84.8 19.0
27 14.5 16.3 96.3 16.9
29 13.1 16.6 88.4 18.8
31 13.3 12.9 - 85.2 15.1
Mean 135.8 12,5 87.8 14.5.

Table 4.10 Iron deficient but not anaemic animals.



Animals Haemoglobin Serum Iron T.I.B.C. % Saturation

11 15.9 3343 - -

12 15.2 26.9 - -
14 13.9 36,7 113.1 32.4
22 15.8 31.1 6.1 32.4
23 15.0 25.8 86.1 30.0
24 14.5 44.0 -- -
25 14.9 31.7 97.9 32.4
26 15.3 31.7 97.9 32,4
30 13.0 18.3 - -
32 13.4 16.1 71.0 22.4

Mean 14.7 29,6 93.7 30.3

Table 4.11 Iron depleted animals.



Animal 1

Points counted for each compartment.

Progenitor cell compartment = 950
Mature cell compartment = 1814
Keratinised compartment = 1062
Total = 3826
Number of fields used = 8
Grid positions per field = 6
Mean number of points per grid position = Total4goints
Mean epithelial point count = é%éé = 9.7

Column Width = .18 pm

Magnification = 12,5 x 40 = 500

Unit area on screen represents 2 i g sq mm of section
= ,0001 sq mm

Area measured = Number of points x 0.0001 sq mm

. _ Area _ Points x 0.0001
Thickness = ool Widtih = 18 x 1000 pum
_ 79.7 x .0001 x 1000 pm
- .18

Epithelial Thickness 44.% pm

Figure 4.1 Conversion of total point count to thickness
measurement.
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Figure 4.2 Ventral tongue epithelium from an animal with
iron deficiency anaemiaox860

51



52

*£OUSTOTIOP UOJIT JO sofels saayy}
9Us} UT aanjounrgs TBITOULTA® UT suoTlgexastTe 8yl 9T°h oTqel

uotqxodoad x9FaBT UT}BISY 98B2JIOUT UTl1BISY

uotqzodoxd xoTTBUS UOTLBINGEBI psonpes uoTlBINng B

uotqxodoxd xedaeT UTLBISY

uoTqxodoxd xoTTBWS UOTLBINABH TIN

uoTqxodoad IoTTBWS UOTLBINLEN

uotraodoxd x83aIBT I09TULFOXJ TIN

LNINLEVINOD HOVE A9 CHINYOA

WAITAHIIAE EHT 40 NOII¥O0JO¥d SHINVHO LNHWLEYJNOD

BTWaBUY AOUSTOTIdQ UOII

BTWa BUY
4N0YFTH AOUSTOTIS( UOIT

uotgeTdsqg uwoaxl

ADNIIDIAYC NOYI 40 IDVIS



Figure 5.1

Non Dividing Cells

Diagrammatic illustration of the cell cycle.

S - DNA Synthesis phase; G. - presynthetic gap; G£ -
postsynthetic gap; GQ - non proliferating cells.

Figure 5.2
labelling.

Apparatus used for in vitro 3H thymfdfne
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Figure 5.3 Equipment used for autoradiography. (A) and
(B) measuring cylinders. (C) water bath. (D) Coplin jar
with molten emulsion. (E) Glycerol. (F) Plate for drying
slides. (G) Light proof plastic box for exposure.

Figure 5.4 A hot control showing the effect of negative
chemography0X100
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Figure 5.5

Hamster ventral tongue epithelium.X390
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Figure 5.6 Autoradiograph of in vitro labelled hamster
tongue epithelium showing labelled cells (1 fiCi/ml) ex 1150

Figure 5.7 Autoradiograph of in vitro labelled hamster
tongue epithelium showing heavily labelled cells.X1300



Animal Nueclei
Counted

2678
3650
4198
3694
3175
3561

~N O v B~ W

Mean 3492.7

Labelled
Cells

218
339
330
287 -
153
229

259.3

Labelling
Index per
100 viable
nuclei
8.14
9.29
7.86
TT7
4,82

6.43

T.39

Pields

40
79
84
85
60

75

70.5

57

Labelling
Index
per field

5.45
4.29
3.93
3.38
2.55
3,05

3.78

Table 5.1 Labelling index for control animals expresged in
terms of total viable nuclear count and in terms of unit

surface length.



Animal

® ~N oo .+ W N -

Mean

Table 5.2

Ts

Heavily
Labelled
Nuelei

94
68

111
111

40
109
130
137

100.0

in hours for control animals.

Lightly

Labelled

Nuclei
20
25
16
42
19
46
64
61

3646

4.70
2.72
6094
2.64
2.10
2437
2.03
2,25

3.22
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Animal

10
11
12
13
14
15
16

Mean

Table 5.3

surface 1

Nuelei
Counted

2421
2741
1785
1589
2853
2534
2837
2156

2364.5

Labelled
Cells

161
210
106

93
156
175
119
106

140.8

Labelling
Index per
100 viable
nuclei
6465
T.66
594
5.85
5.47
6.9
4.19
4,92

595

Fields

48
55
40
48
43
54
60
42

48.8

Labelling
Index
per field

3435
3.82
2.65
1.94
3463
3.24
1.98
2,52

2.89

Labelling index for experimental animals in
terms of total viable nuclear count and in terms of unit

ength.
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Animal

10
11
12
13
14
15
16

Mean

Table 5.4

Ts

Heavy Label

88
159
214
163
161
180

72
145

147.8

in hours for experimental animals

Light Label

20
26
47
41
44
48
40
63

41.1

4.40
6.12
4.55
3,98

3.66

3.75
1.80
2,30

3.82

60



1

Figure 6.1
with a light
3H thymidine.

pCi 10 fici

Autoradiographs from tissue labelled in vitro
(1 jiCi/mlT and a heavy (10 fiCi/ml) dose of
X1900

6l



T
V=nxgig
N = Corrected cell count
n = Actual cell count

= PSection thickness

d = Nuclear diameter

Animal 1 Progenitor cells counted = 938
Mature cells counted = 343
Labelled cells counted = 56
d progenitor = 5.%4 uﬁ
d maturation = 8,67 um
T Section thickness = 3.5 m

N. prog = 938 x 3ngi23731
= 37104
3¢5
N. Mat = 343 x m
= 99047
3¢5
N. Lab = 56 X 35+ 5.34

22.17

Figure 6.2 Correction of cell counts (Abercrombie, 1946).
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Animal

O 0O N v & W v ¢

]
o

Mean

S5.D.

Table 6.1

Progenitor cell
nuclear diameter in pum
5.34
5.12
5.74
5.48
4.69
4.86
5.09
555
5.99

5.31
0.40

Mature cell
nuclear diameter in pm
8467
T7.79
8.57
8.79
Te44
T.91
8.51
7.58
8.46

8.13
0.52

Nuclear diameters of control animals.
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Progenitor cell Mature cell

Animal nuclear diameter in pum nuclear diameter in pum
, A
15 5.25 T+50 N
16 5.00 8.37 A
17 4,81 8.14 E
18 5.29 9.61 M
28 5.3%4 8.98 I
C
Mean 5.14 8.52
SeD. 0.23% 0.81
D
13 5¢39 8.36 B
19 4.79 8.19 F
20 5.07 TeT3 I
21 4,90 7.69 C
27 5.87 8.23 I
29 4,48 8439 E
31 5.56 9.12 N
T
Mean 5015 8024
S.D. 0.48 0.48
11 5.80 8.9
12 6.03 9.63 D
14 4,68 8.37 E
22 4,52 T«T79 P
23 4,95 8.01 L
24 5.73 8.34 B
25 4,31 8.37 T
26 5.22 9.02 B
30 4.53 8.21 D
32 5.42 8.66
Mean 5012 8053
S.D. 0.61 0.54

Table 6.2 Nuclear diameters of experimental animals.
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Animal

O O ~N v & W N+

=
(o)

Mean

Table 6,10

Animal

15
16

17
18
28

Mean

Table 6,11

L.L.C.

10

14
12
19
15

38
16

15.1

H.L.C.

52
29
69
53
70
80
20
175
101

72,1

Ts for normal animals,

T

L.L.C.

13
12

19

11.4 -

H.L.C.

34
21
32
17
70

34.8

for anaemic animals.

Ts Hours

5,20
3,22
4.93
4.42
3.68
5.33
6.67
4.61
6.31

4.93

Té Hours

3.78
1.62
2,67
4,25
3,68

3.20

13



Animal L.L.C. ' H.L.C. T Hours

13 8 26 3.25
20 41 97 2.37
21 13 | 42 3.23
27 26 95 3465
29 8 28 3.50
31 10 35 3.50

Mean 17.6 53.8 3425

Table 6.12 TS for iron deficiency without anaemia animals.

Animal L.L.C. H.L.C. TS Hours
11 32 173 5.38
14 12 53 4.42
23 T 44 6.29
24 9 50 5.56
25 7 29 4.14
26 10 85 8.50
32 8 34 4.25

Mean 12.1. 66.8 5e¢32

Table 6.13 TS for iron depleted animals.



Animal

O O N v W NN

-
o

Mean

S.D.

Table 6.14
animals.

Pe

375.20
451.00
270.56
421.98
423,12
443.10
335.79
327.21
289,70

Columns

42
45
27
41
39
43
36
23
26

Pc/Column

8.93
10.02
10.02
10.29
10.85
10.30

9.32
14,23
11.14

Progenitor
Thickness

11.0
15.5
11.6
13.9
13.6
13.1
13.8
2l.1
18.7

75

Cells/
100 sq pm

0.902
0.718
0.960
0.823
0.886
0.874
0.750
0.749
0.662

0.814
0.099

Number of progenitor cells per 100 sq pm in normal



Animal

O 0O N v A~ N e

o
o

Mean

S.D.

Table 6.15
animals.

Mc

99.47
115.01
64.38
101.36
99.52
109.12
83.81
69.12
56.84

Columns

42
45
27
41
39
43
36
23
26

Mc/Column

2437
2.56
2.38
2447
2.55
2.54
2.33
3.01
2.19

Maturation
Compartment
Thickness

21.0
28.1
21.3
19.1
20.4
20.6
20.5
29.4
28.4

76

Cells/
100 sq pm

.125
.101
124
138
.139
<137
.126
114
.086

121
.018

Number of mature cells per 100 sq pm in normal



Animal Pec
15 446,04
16 359.57
17 523.74
18 535, 20
28 449,20

Mean
13 287.82
19 328.86

20 281.26
21 250.3%2
29 312.84

Mean
11 353.78
12 230.14
14 296,27
23 345.63
24 311.69'
25 363.15
26 403,60

Mean

Table 6.16

Columns

40
33
41
40
31

37
33
36
30
29

32
25
26
33
28
24
36

experimental animals.,

Pc/Column

11.16
10.09
12.77
13.38
14.49

7.78
9.97
7.81
8,34
10.79

11.06

9.21
11.04
10.47
11.13
15.13
11.21

Progenitor

Thickness
15.1
13.0
15.5
16.1
13.3

18.1
15.1
15.1
13,2
14.1

19.5
14.2
20.5
10.5
17.5
15.4
16.3

Cells/

7

100 sq um

0.821
0.932
0.915
0.923
1.120

0.942

0.478
0.734
0.575
0.702
0.850

0.668

0.630
0.721
0.618
0.567
0.707
1.092
0.764

0.728

Number of progenitor cells per 100 sq pm in

HZEHQHEHY QHERHP=Z>

SEREHYEY
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Animal Me Columns Mc/Column Maturation Cells/
Thickness 100 sq pm

15 93.76 40 2.34 17.5 0.149

16 67.57 33 2.05 17.5 0.130 3

17 93.09 41 2.29 18.9 0.135 %

M

18 122.04 40 3,05 19.8 0.171 T

28 85.40 31 2,75 16.5 0.185 ¢
Mean 0.154

13 93.00 37 2.51 27.6 0.101 D

E

- I

20 95.17 36 . 2,64 21.8 0.135 c

‘ I

21 71.61 30 2.39 16.9 0.157 E

N

29 60.90- 29 2,10 21.0 0.111 T
Mean 0.13%34
11 91.84 32 2,87 22.3% 0.143

12 56.16 25 2,25 15.3 0.163 D

E

14 78.88 26 3,03 31.8 0.106 £

23 99.30. 33 3,01 20.9 0.160 g
25 86.13 24 3.59 18.9 0.211
26 94.54 36 2.63 22.3% 0.131
Mean " 0.154

Table 6.17 Number of mature cells per 100 sg pm in experimental
animals,



Figure 7.1 Normal buccal epithelium and epithelium from
a patient with iron deficiency anaemia.x340
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% Change in
Angle from Vertical Cosine ‘Thickness

5 «9962 0
10 .9848 2
15 +9659 3
20 « 9397 6
25 -+ 9063 9
30 .8660 13

" Table 7.1 Change in epithelial thickness, expressed as
a percentage, following alteration of the tissue orientation.



Figure 7.2 Epithelium from the ventral surface of hamster
tongue in iron depletion. X1100
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Figure 7.3 Epithelium from the ventral surface of hamster

tongue,

in iron deficiency without anaemia.X960
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Figure 7.k Epithelium from the ventral surface of hamster
tongue in iron deficiency anaemia.X320
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Skx *

Figure 7.5 Keratinisation of the buccal epithelium in
iron deficiency anaemia.X1 20
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. Cols

H.L.C.

Ker

mean

Prog
S
S.D.
Te

T.I.B.C.

T
S

T.V.C.

ABBREVIATIONS

epithelial columns

postmitotic - presynthetic gap

heavily labelled nuclei

keratinised compartment

labelled nuclei

corrected labelled nuclei

lightly labelled nuclei

maturation compartment

corrected maturation compartment nuclei
arithmetical mean

corrected progenitor compartment nuclei
progenitor cell compartment

DNA synthesis phase

standard deviation

corrected total nuclear count

total iron binding capacity

time taken for DNA synthesis

total viable cell count
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APPENDIX 1
PROCESSING CYCLE

1. 50% spirit

2. 80% spirit

3. 8% phenol in methylated spirit
4. 8% phenol in methylated spirit
5. 8% phenol in methylated spirit
6. Absolute alcohol

Te Absolute alcohol

8. Absolute alcohol chloroform

9. Chloroform
10. Chloroform

11, Paraffin wax

12.

Paraffin wax

30

AS N \C R \C R S A T

30

[ACREE \CREE S A S

minutes
hour
hours
hour
hours
hours
hours
minutes
hours
hours
hours

hours
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37

APPENDIX 2

20

3.

5.

Resul ts:

PERL'S PRUSSIAN BLUE REACTION

Bring sections to water

Transfer to a fresh solution of equal parts
of 2% aqueous potassium ferrocyanide and 2%
hydrochloride for 30 minutes at 57°C

Wash thoroughly for 10 minutes

Counterstain lightly with 1% neutral red for

10 - 15 seconds

Wash in water, dehydrate, clear and mount in

Canada balsam

Ferric - iron - containing pigments - Blue

nuclei -~ Red

bl



