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INTRODUCTION

Numerous morphological studies on diverse aspects of the organisation of the
mammalian lung notably in respect to structure, development, response to irritants
and functional demands are currently available. Some of the most recent accounts
and reviews on these aspects are those by Weibel (1973, 1984), Sorokin & Brain
(1975), Breeze & Wheeldon (1977), Weibel & Gil (1977), Grant, Sorokin & Brain
(1979), Pinkerton et al. (1982), Thurlbeck (1982), Hirai, Uyeda & Ogawa (1984),
Gehr (1984), Brown, Bliss & Longmore (1984), Lechner (1985), Maina (1985), Burri
(1985) and Winkler & Cheville (1985). Recently the lungs of the non-human primates
have received special interest (Carstens & Allen, 1969; Kapanci, Weibel, Kaplan &
Robinson, 1969; Kaplan, Robinson, Kapanci & Weibel, 1969; Davies & Reid,
1970; Wang & Thurlbeck, 1970; Greenwood & Holland, 1973; Castleman,
Dungworth & Tyler, 1975; Kerr & Helmuth, 1974; Kerr, Couture & Allen, 1975;
Boyden, 1977; Hislop, Howard & Fairweather, 1984; Wilson, Plopper & Hyde,
1984; Tyler & Plopper, 1985). This is largely due to the notion that the non-human
primates, when compared with the other mammalian experimental animals, consti-
tute in most biological aspects a better model for the study of human pulmonary
structure, function and pathology (Lapin, 1971; Bourne, 1973). Morphometric
methods are particularly effective in studying and evaluating the organisation of the
biological tissues as they are sensitive enough to reveal remarkably small structural
and developmental changes which otherwise would go undetected by qualitative
observations. These techniques have been applied to the lungs of the non-human
primates by Kapanci et al. (1969), Kaplan et al. (1969), Conradi et al. (1971) and
Hislop et al. (1984) to evaluate developmental and experimental situations such as
breathing pure oxygen and inhalation of beryllium. As observed ,by Castleman et al.
(1975), studies of the tissues of the non-human primates, in view of their potential
utilisation in human biological investigations, are few in number. For example, the
most extensive morphometric studies illustrating the structure and the gas exchange
potential of the primate lung are apparently those on the human lung by Gehr,
Bachofen & Weibel (1978) and the macaque monkey (Macaca irus) by Conradi et al.
(1971).
The present study examines the lung of the olive baboon (Papio anubis) in an

attempt to find out whether its pulmonary organisation is any different from that of
the lungs of the other non-human primates and man. The gas exchange structural
characteristics of the baboon lung are compared with those of the other primates
as far as available data allow.
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MATERIALS AND METHODS

The lungs of 4 adult olive baboons (Papio anubis), caught during a game-culling
exercise by the Kenyan Ministry of Tourism and Wildlife, were killed by intravenous
injection with Euthatal (MBB) and weighed. The trachea was immediately exposed
and a cannula fixed in place after tracheostomy. The diaphragm was exposed caudal
to the xiphisternum and carefully punctured on both sides of the mediastinum to
cause a pneumothorax. With the animal in a supine position, the lungs were fixed
by intratracheal instillation with 2-5 % glutaraldehyde buffered in sodium phos-
phate, total osmolarity 350 mOsm and pH 7-4 at a pressure head of 25 cm of water.
After the fixative had stopped flowing a ligature was placed at the tracheal bifurca-
tion. The lungs, the heart and adhering connective tissue were carefully removed
from the thoracic cavity and immersed in fixative for about two weeks after which the
heart and the connective tissues were dissected away and the volume of the lungs esti-
mated by the water displacement method.

Transverse slices were cut across the middle of each of the lobes of the lung and
the slice placed on a bench and divided into equal cubes which were processed for
light microscopy by standard laboratory techniques. The first technically adequate
section from each block was stained with haematoxylin and eosin. The volume densi-
ties of the parenchyma and the non-parenchyma were estimated by point-counting,
field by field, at a magnification of x 100 using a 100-point Zeiss integrating graticule
mounted in an eyepiece. The parts of the lobes remaining after taking samples for
light microscopy were cut into small cubes about 0 5 cm3 and laid out on quadratic
lattice acetate paper with numbered squares. Four of the cubes from each lobe were
picked using randomly generated numbers from a Texas Instruments (TI 58)
electronic calculator. The test cubes were diced to small pieces about 2 mm3 which
were separately processed for electron microscopy. This entailed postfixation in
2 % osmium tetroxide for about 2 hours, block staining in uranyl acetate with maleic
acid, followed by dehydration in graded concentrations of ethanol starting at 50%
and progressing to absolute ethanol and propylene oxide before infiltration and
embedding about five pieces from each part in Epon. One block picked at random
from the group was trimmed to eliminate non-parenchymatous components and
ultrathin sections were cut, counterstained with lead citrate and examined on a Zeiss
EM 10 electron microscope. A maximum of five electron micrographs was taken at
an initial magnification of x 1900 from predetermined corners of the 300-wire mesh
grids to avoid bias. Where the test corner fell entirely onto an alveolar lumina, this
was recorded, and such blanks substituted in the final calculation. The negatives
were enlarged by a factor of 3i5 and printed with a superimposed simple square
lattice test system (A-100) of Weibel (1979). For each specimen a maximum of 140
micrographs was analysed at a final magnification of x 6700, which was just enough
for the components of the parenchyma to be resolved while giving a maximum test
area.
The volume densities of the components of the parenchyma, the alveoli, the blood

capillaries and the tissue of the interalveolar septa were estimated by point-counting
and absolute values calculated from the volume of the parenchyma. The surface
areas of the alveoli, capillary endothelium and the red blood cells were estimated by
intersection counting. These stereological methods have been extensively described
by Weibel (1979). The harmonic mean thicknesses of the blood-gas (tissue) barrier
and the plasma layer were estimated by intercept length measurement and the
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arithmetic mean thickness of the tissue barrier was estimated using point and
intersection counting with a 21, 2 cm long random short line test grid (Weibel &
Knight, 1964). The diffusing capacities of the tissue barrier (Dt.) and that of the
plasma layer (D,02) were estimated from their respective surface areas, harmonic
mean thicknesses and the oxygen permeation constants. The diffusing capacity of
the red blood cell (D.o0) was calculated from the pulmonary capillary blood volume
and the oxygen uptake coefficient of whole blood (0O), adopting the average
mammalian venous haematocrit of 45 %. The membrane (Dmo) and the total
morphometric pulmonary diffusing capacity (DLo,) were subsequently calculated.
The model applied is essentially that advanced by Weibel (1970/71) and subsequently
extensively applied to the mammalian lung (Gehr et aL. 1981).

In one of the specimens the accessory lobe was removed and latex rubber (Latex
white, ZCP-652-OIOR-Griffin and George Ltd, UK) injected through the lobar
bronchus which was then ligated and the latex allowed to set for 24 hours before
corrosion in concentrated hydrochloric acid. The cast was cut into small pieces
which together with similar pieces of the fresh lung tissue (remaining after taking
samples for light microscopy and transmission electron microscopy) were subjected
to critical-point drying with liquid carbon dioxide, sputtered with gold-palladium
complex and attached to metal chucks for viewing on a Philips PSEM 275 scanning
electron microscope.

RESULTS

The baboon pulmonary system consisted of a left and right lung. The left lung was
made up of a cranial (apical) lobe, a middle lobe and a caudal (diaphragmatic) lobe.
The right lung consisted of cranial, middle, caudal and accessory lobes. The trachea
bifurcated to give rise to the left and right principal bronchi which on entering the
lung at the hilum divided into the lobar bronchi. Grossly and histologically the lung
could be divided into the parenchyma, which mainly consisted of the alveoli, blood
capillaries and the tissue of the interalveolar septum, and the non-parenchyma which
comprised the large air conducting passages like the bronchi, and the bronchioles,
the large blood vessels and connective tissue elements such as lobar septae and the
pleura. The interalveolar septa separated adjacent alveoli and were frequently
perforated by interalveolar pores, the pores of Kohn (Figs. 1, 9, 10).
The alveolar surface was largely made up of two populations of cells, the more

numerous Type II pneumocytes - the granular or cuboidal pneumocytes - and the
Type I pneumocytes - the smooth or squamous pneumocytes (Figs. 2, 9, 10). The
Type II cells exhibited numerous microvilli on their free borders (Figs. 3, 9, 10) and
contained a centrally placed nucleus. The cytoplasm contained numerous organelles
such as mitochondria, Golgi apparatus, smooth and rough endoplasmic reticulum
and abundant microvesicular bodies, all these features showing the granular pneumo-
cyte to be an active secretory cell. Osmiophilic lamellated bodies (Figs. 3, 4) charac-
terised the Type II cell. Some of these bodies appeared vacuolated, presumably
because of the dissolving of their phospholipid material by the fat solvents during
tissue processing. Although the Type II cells were more numerous than the Type I
cells, they covered only a small part of the alveolar surface as shown by the extent of
the intercellular junctions in Figures 9 and 10. The Type I pneumocytes had a
centrally placed nucleus with dispersed chromatin material and long cytoplasmic
flanges. Most of the organelles such as mitochondria and the Golgi apparatus were
found in the perinuclear region. The cytoplasmic arborisation was remarkably
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Figs. 1-2. Electron micrographs showing (Fig. 1) the interalveolar septum separating adjacent
alveoli. Figure 2 is a high power view of the blood-gas barrier. c, blood capillary; a, alveolus;
e, erythrocyte; ed, endothelial cell; co, collagen; ep, epithelial cell; in, interstitium. The arrow
in Figure 1 shows an interalveolar pore (pore of Kohn). Figure 1 x 4100; Figure 2 x 108000.
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Morphology of the baboon lung 233
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Figs. 3-4. Electron micrographs showing the components of the parenchyma. Collagen (co) is
seen in the interstitium. Note the rare thickening of the blood-gas barrier in Figure 3 (arrow).
a, alveoli; c, blood capillaries; e, erythrocyte; gp, granular pneumocyte; ec, endothelial cell;
ob, osmiophilic body;f, fibrocyte. Figure 3 x 3300; Figure 4 x 10000.
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Figs. 5-6. Electron micrographs showing an alveolar macrophage (m) (Fig. 5) and a Type I
(smooth) pneumocyte (sp) and an endothelial cell (ec) (Fig. 6). a, alveolus; c, blood capillary;
e, erythrocyte. The arrow in Figure 5 shows a filopodia of a macrophage and that in Figure 6
a cytoplasmic flange ofa Type I pneumocyte. Figure 5 x 6000; Figure 6 x 8600.
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Figs. 7-8. Scanning electron micrographs of the parenchyma showing alveoli (a) separated by
interalveolar septa (is). Figure 7 is a lung prepared by critical-point drying while Figure 8 is a
latex cast preparation. The impressions on the alveoli (Fig. 7) could show areas occupied by the
epithelial alveolar cells or, in some parts, are due to incomplete filling by the latex rubber.
Figure 7 x 130; Figure 8 x 270.
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Figs. 9-10. Scanning electron micrographs showing the topography ofthe alveolar surface which
is mainly made up of two populations of cells. The Type II (granular) pneumocytes (gp) and the
Type I (smooth) pneumocyte (sp). c, a bulge of a blood capillary; ip, interalvcolar pore. The
arrows show the intercellular junctions of the alveolar cells. Figure 9 x 2000; Figure 10 x 7900.
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Table 1. Volume densities (%) and absolute volumes (cm) of the parenchyma
and the non-parenchyma of the baboon lung

Volume of the lung Parenchyma (pa) Non-parenchyma
Body weight (VL) A_ -_

_ _ _

Specimen (kg) (cm,) (%) (cm3) (%) (cm')

1 14-5 778 90 05 700 6 9 95 77-4
2 19-7 933 91-24 851-3 8-76 81-7
3 23-0 977 81-94 800-6 18-06 176-4
4 18-2 710 84-87 606-6 15-13 107-4

Mean 18-85 849-5 87-03 739-78 12-97 110-73
S.D. 3-53 126-22 4-37 108-64 4-37 45.74

Table 2. Volume densities (%) and absolute volumes (cmP) of the components
of the parenchyma of the baboon lung

Alveoli Blood capillary Interalveolar tissue

Specimen (%) (cm') (%) (cm') (%) (cm')

1 77*44 542-2 8-72 61-10 13-84 97-0
2 73-89 629-03 10-03 85-99 16-08 136-28
3 76-38 611-5 6-65 53-24 16-97 135-86
4 78-00 470-03 5-26 31-66 16-74 100 91

Mean 76-42 563-27 7-67 58-00 15-91 117-51
S.D. 1-82 72-52 2-12 22-43 1-43 21-49

attenuated, had scattered micropinocytotic vesicles and was largely devoid of
organelles (Figs. 2, 6). The preservation of the alveolar surface lining, the surfactant,
was very poor in this study presumably as a result of most of it having been washed
away after intracheal instillation with fixative. An interstitial space of varying thick-
ness separated the alveolar epithelium from the endothelium. It contained ground
substance and connective tissue elements such as collagen, fibrocytes, elastin and
what occasionally appeared to be pericytes (Figs. 3, 4). The interstitial tissue elements
were mainly encountered at the junctions between the blood capillaries and were
scarce in the blood-gas (tissue) barrier itself. However, in a few cases (Fig. 3) collagen
fibres were observed in the tissue barrier, such areas lying opposite very thin sections
of the barrier. The endothelial cells, like the Type II pneumocytes, exhibited a
notable degree of cytoplasmic extension from a centrally placed nucleus (Figs. 2, 6).
The extensions exhibited sporadic attenuations and contained numerous micro-
pinocytotic vesicles that were either free in the cytoplasm or continuous with the
plasma membranes. On the alveolar surface occasional macrophages were observed
(Fig. 5). These were large cells with a rather peripherally located nucleus, numerous
mitochondria, diffuse lysosomal vesicles and filopodia for motility.
The results of the morphometric analysis are summarised in Tables 1-5. The

parenchyma in the baboon lung formed, on average, 87 % of the lung, the remainder
being contributed by the non-parenchymatous elements (Table 1). The alveoli, the
blood capillaries and the tissues of the interalveolar septa respectively comprised
76, 8 and 16 % of the parenchyma (Table 2). The alveolar surface area exceeded
those of the capillary endothelium, the blood-gas (tissue) barrier, and the red blood
cell, while the area of the capillary endothelium in general exceeded both that of the
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Table 3. Surface areas of the alveoli (as), the capillary endothelium (ce),
the blood-gas (tissue) barrier (tb) and the red-blood cell (rc)

(The harmonic mean thicknesses of the tissue barrier (rht), that of the plasma layer (7h,,) and the
arithmetic mean thickness ofthe tissue barrier (7t) are included.)

as ce tb rc Tht 7h, Tt
Specimen (W') (i') (i') (i) (Cm) (Cm) (#Im)

1 101-98 79*56 71-09 52 22 0-323 0-240 0-941
2 123-79 86-42 73-38 86-0 0 530 0-260 1X51
3 104-46 73-23 65-10 32-99 0*500 0-140 1-03
4 99-36 66-14 60 55 88 19 0-560 0-170 0 979

Mean 107-40 76-34 67-53 6485 0-478 0-203 1 12
S.D. 11-12 8-67 5 82 26-87 0.11 0-06 0-27

Table 4. Anatomical pulmonary diffusing capacities for oxygen through the tissue
barrier (Dt.0), plasma layer (D,,,))*, the red blood cell (D..2)*, the membrane
(Dmo,)t and the overall diffusing capacity (DLo,) *

(The units are in mlO,/min/mmHg.)

Dvo2 Deo2 DtmO2 DLO2

Specimen Dto2 Min. Max. Min. Max. Min. Max. Min. Max.

1 726-20 879.53 1180-53 54.99 152175 399.77 449-62 48-31 114-02
2 456-89 1061-05 1425-78 77.39 214-98 319-37 346-01 62-82 135-01
3 429-66 1215-31 1633 08 47-92 133-10 317-43 340 16 41 63 95-67
4 356-81 1452-61 1951-98 28-49 79.15 286-45 301-67 25-91 62-70

Mean 492-39 1152-24 1547-84 52-20 14500 330-76 359.37 44-67 101 85
S.D. 161-50 242-76 326 81 20-19 56-08 48-42 63-30 15-32 30-65

* The maximum and minimum values were calculated from the relevant physical constants.
t D",02 and DLO2 are estimated from the relevant diffusing capacities.

tissue barrier and the red blood cells (Table 3). The harmonic mean thickness of the
blood-gas (tissue) barrier in the specimens examined ranged from 0-323 to 0'560 ,um
(mean 0-478 ,um ± 0 11 S.D.) while that of the plasma layer was notably smaller
(0-140-0260,um) (Table 3). The arithmetic mean thickness of the blood-gas
(tissue) barrier ranged from 0-941 to 1 51 ,um (mean 1-12 ,um ± 0-27 S.D.). The
morphometric diffusing capacities of the barriers constituting the air-haemoglobin
pathway are summarised in Table 4 and the weight specific values in Table 5. The
mean morphometric diffusing capacity of the tissue barrier (Dto,) was 492 ml 02/
min/mmHg while those of the plasma (D,o0) and the red blood cell (D,o0) were
1350 and 99 ml 02/min/mmHg respectively; the mean values for the membrane
(Dmoi) and the overall (total) morphometric diffusing capacity (DLo,) were
respectively 345 and 74ml 02/min/mmHg. The DA0% consistently exceeded the
DLO, due to the extra resistance that the red blood cell cytoplasm imposed on

DLO,, where oxygen biochemically reacts with the haemoglobin. The red blood
cell contributed 77 % of the overall resistance offered by the air-haemoglobin path-
way in the course of the diffusion of the oxygen molecules.
The mean weight specific volume of the lung was 0-046 cm3/g and that of the

surface area of the blood-gas (tissue) barrier 37 cm2/g (Table 5). The mean surface
density of the tissue barrier per unit volume of the parenchyma was 92 mm2/mm3
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Table 5. Some pulmonary morphometric ratios of the baboon, most of the
values are normalised with body weight

(ml02/min/mmHg/kg)
r

A

Specimen VL/W Stb/W Vc/Stb Stb/ V,. Dto2 D,D02*D.02*DmO* DL02*
(CM11/g) (cm'/g) (CM3/M2) (MM2/mms)

1 0 054 49'03 0-86 101-47 50-08 71-04 7-16 29-29 560
2 0 047 37 25 1-17 86*20 38-42 63-12 7-42 16-89 5-02
3 0-042 28-30 0X82 81-31 18-68 61-92 3 94 14-3 2-98
4 0 039 33*27 0*52 99 82 19-60 93 53 2-96 16-16 2-43

Mean 0 046 36-96 0-84 92 20 31-70 72-40 5-37 19-16 4-01
S.D. 0 007 8.84 0-27 9.98 15-26 14-65 2-25 6-84 1'54
VL, lung volume; W, body weight; V,.,, volume of the parenchyma; Stb, surface area of the blood-gas

(tissue) barrier; V¢, volume of the pulmonary capillary blood; DM01, D,O2, D,02, DMo2 and DLO, are
the diffusing capacities of the blood-gas (tissue) barrier, the plasma layer, the erythrocyte, the mem-
brane and the total respectively.

* Mean values ofthe maximum and minimum values.

while the weight specific total morphometric pulmonary diffusing capacity was
4 ml 02/min/mmHg/kg.

DISCUSSION

The gross, histological and ultrastructural organisation of the baboon lung was
similar to that observed in the lungs of other primates (Kapanci et al. 1969; Kaplan
et al. 1969; Davies & Reid, 1970; Greenwood & Holland, 1973; Castleman et al.
1975; Kerr et al. 1975; Gehr et al. 1978; Crapo et al. 1982; Tyler & Plopper, 1985),
notably at the parenchymal level which was the main area of interest in the present
investigation. The observations made here corroborate those made earlier by other
workers (Castleman et al. 1975; Hislop et al. 1984; Wilson et al. 1984) namely that
the lungs of the non-human primates are more representative as experimental models
than those of the other subhuman mammals in studies related to the structure,
development and presumably function and pathology of the human lung.
The parenchyma of the baboon lung, like that of a typical mammalian lung, was

essentially made up of the alveoli, blood capillaries and the tissue of the inter-
alveolar septum. The alveolar surface was made up of Type I and Type II pneumo-
cytes. The Type I pneumocytes - the squamous cells - are said to cover 92 and 96 %
of the alveolar surface in man and baboon respectively (Crapo et al. 1982; Burri
1985) and 96 % in the rat lung (Crapo, Barry, Foscue & Schelbourne, 1980). They
may extend as much as 50,Am from the nucleus (Weibel, 1973). The squamous
feature of the Type I alveolar cell has been considered a step towards optimising gas
exchange (Burri, 1985). It is suggested here that this may also cut down on the
alveolar cell number, hence reducing oxygen consumption by the lung tissue itself.
On the alveolar surface the alveolar macrophage in man was observed to be the
largest cell followed by the Type I cell and the Type II cell with the endothelial cell
being the smallest in size (Crapo et al. 1982). However, in the same study it was
found that the Type I cell constituted only 8 % of the parenchymal cell elements,
the Type II cell contributing 16 %, with the remainder going to the endothelial cells
(30 %), interstitial cells (36 %) and alveolar macrophages (9 %). The Type II cells
were characterised by osmiophilic lamellated bodies which were presumed to be
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precursors of the surfactant (Askin & Kuhn, 1971), and micropinocytotic vesicles
which have been associated with transendothelial transport (Schneeberger &
Karnovsky, 1968). Type III pneumocytes, or brush cells, as described by Meyrick &
Reid (1968) in the rat lung and by Weibel (1973) in the dog were not observed in the
baboon lung. In both Papio and Homo (Gehr et al. 1978) the blood-gas (tissue)
barrier was essentially made up of an epithelium, an interstitium and an endo-
thelium. The amount of interstitial connective tissue was distributed in such a way
that a thick part of the barrier lay opposite a thin section of interstitial tissue. The
thick parts are said to serve both for support and water exchange and thin ones for
gas exchange (Fishman, 1972). The organisation of the connective tissue elements in
the interalveolar septum, constituting a part of what has been termed the fibre
continuum or the fibrous skeleton of the lung by Gehr et al. (1978), Weibel (1984)
and Burri (1985), was interpreted as an attempt to attain an overall thin barrier
without sacrificing its mechanical integrity. The large amount of the connective
tissue, notably collagen, in the interalveolar septal tissue of the baboon lung was in
part attributed to the advanced age of the specimens. However, an equivalent
preponderance of the interalveolar connective tissue was observed in adult Macaca
irus by Conradi et al. (1971) and in man by Gehr et al. (1978). In man the cellular
elements constituted 50 % of the interstitium and were presumed to be involved in
the regulation of the blood flow in the septum (Kapanci et al. 1974).
The design and structure of the lung in any given animal appears to reflect oxygen

and metabolic demand which can be attributed to features such as body size and
mode of life. Such structural characteristics in the lungs of a large number of
terrestrial mammals have been elucidated by Gehr et al. (1981) in the bat (Maina &
King, 1984) and in birds (Maina, 1984,1987) by quantitative methods. Morphometric
techniques, when correctly applied on biological materials, will yield representative
data which could reveal possible interspecimen and interspecies differences. When the
acquired data are applied to an appropriate model the cumulative functional effect
of related morphometric parameters can be assessed.
The volume density of the parenchyma in the mammalian lungs appears to range

from 80 to 90 % of the lung. In the horse this value was 86 % (Gehr & Emi, 1980)
and in the wildebeest (Connochaetes taurinus) and the suni (Nesotragus moschatus)
the values were 87 and 89 % respectively; in the six species of bat examined by Maina
& King (1984) the values ranged from 83 to 85 %. The volume density of the paren-
chyma in the human lung (86-5 %) (Gehr et al. 1978) was closely similar to that of the
baboon (87-03 %) found in this study. The value of 90 % proposed by Weibel (1963)
for the average volume density of the parenchyma in the mammalian lung appears to
be at the extreme upper end of the range. As the parenchyma constitutes an import-
ant reference space for the evaluation of the structural adaptation of the lung in gas
exchange, the accuracy of its estimation influences that of the subsequently calculated
values. It is suggested that the volume density of the parenchyma should be deter-
mined for every mammalian species and specimen under investigation in view of the
apparent interspecimen differences in this parameter. The mean volume densities of
the components of the parenchyma - the alveoli, the blood capillaries and the tissue
of the interalveolar septum - in the human specimens examined by Gehr et al.
(1978) were respectively 86-5, 5.7 and 7-8 %, while those reported by Kapanci &
Tosco (1972) were correspondingly 82, 6-1 and 13 %; the equivalent values for the
baboon lung were respectively 76-4, 7-7 and 15-9 % (Table 2). In the rhesus monkey
(Macaca mulatta) (Kapanci et al. 1969), the tissue of the interalveolar septum
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Table 6. Comparison ofsome morphometric values ofthe primate lung*. (Some of the
parameters have been normalised with body weight (W). The symbols are defined in
Tables 3, 4 and 5.)
Source of the data: Papio, this study; M. irus, Conradi et al. (1971) - values taken from Weibel

(1973). Table 2; M. mulatta, Kapanci et al. (1969). H. sapiens, Gehr, Bachofen & Weibel (1978).
* Some of the values were calculated from the given data where the actual required value was not

available.

(ml O2/min/mmHg/
Stb/ V,a Sc,! VL VC/Stb VcIVL VC/W kg)

VLIW StblW (MM2/ (M2/ (CM3/ (CM3/ (CMII/ ThtA
(cms/kg) (cm2/g) mmS) cm3) min) cm') kg) (jtm) Dto2/W DL;OJW

Papio anubis 46 37 92 0 090 0-84 0-068 3-08 0-478 32 4 [5 4]t
Macaca irus 50 33 76 0-065 1-20 0-081 4 04 0 500 22 - [6-5]t
Macaca
mulatta -- 0058 0-067 -

Homo sapiens 59 18 35 0-029 1-58 0057 2-88 0-620 10 2-6 [3 6]t
t The values in brackets are maximum total morphometric pulmonary diffusing capacities and those

not in brackets body weight normalised values of the mean DLO2

comprised 15 % of the parenchyma. In the lungs of the other mammalian species
that have been examined, these values were 78 05, 11 09 and 10-89 % in the shrew
(Gehr et al. 1980) and 82, 9-2 and 8-8 % in the horse (Gehr & Erni, 1980). The data
currently available indicates that the volume density of the blood capillaries tends
not to vary a great deal, the changes in the composition of the parenchyma largely
involving the alveoli and the tissue of the interalveolar septum. This could suggest
that of the two structural features of the parenchyma, the pulmonary capillary blood
rather than the alveolar surface area may be the more significant limiting factor in
gas exchange. Alveolar size dependency observed in the dog lung by Glazier, Hughes,
Maloney & West (1967) and in the horse lung by Gehr & Erni (1980) was not
apparent in the baboon lung; in the human lung, regional variation in the alveolar
size was not observed (Gehr et al. 1978).

In this study a comparison has been made between the morphometric character-
istics of the parameters involved in gas exchange in the lungs of the primates (Table
6) as far as the data allow. It is apparent that the human lung is structurally less well
adapted for gas exchange than that of the non-human primate. The weight specific
surface area for gas exchange in Papio anubis (37 cm3/g) and in Macaca irus (34 cm2/
g) was about twice that in Homo sapiens (18 cm2/g). Concerning the volume of the
pulmonary capillary blood per unit surface area of the blood-gas (tissue) barrier
(Vc/Stb), the capillary loading, in Homo (1 58 cm3/m2) was almost twice that in
Papio (084 cm3/m2) and notably higher than in Macaca irus (1 2 cm3/m2). Capillary
loading indicates the degree of exposure of the pulmonary capillary blood to
alveolar air (Perry, 1978), a relatively high value in Homo suggesting a poor degree
of exposure. The harmonic mean thickness which is the most meaningful parameter
in assessing a barrier resistance to oxygen diffusion (Weibel, 1970/71) was thinner
in Papio (0-478 ,um) than in Macaca irus (0 500 ,um) and thickest in Homo (0-620
,um). The harmonic mean thickness of the blood gas (tissue) barrier in Papio falls
within the range of 0-26 ,um in the shrew to 0-62 ,um in man (Gehr et al. 1981). The
arithmetic mean thickness in Papio (112 ,um) was remarkably smaller than in Homo
(2X2 ,um) (Table 6). The ratio of the arithmetic to harmonic mean thickness is said to
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Table 7. Comparison ofpulmonary morphometric parameters of a non-human
primate and a non-primate mammal of comparable body weight and a bird

(Symbols defined in Tables 2, 4 and 5)
Sources of data: Papio, this study; Gazella, Gehr et al. (1981); Adeotis, Maina (unpublished data).

Common English W VL Stb Tht VC DLO,*
names (kg) (cM3) (i') (Am) (cm') (ml 02/min/mmHg/kg)

Papio anubis Olive baboon 19 850 68 0-478 58 73
Gazella thomsoni Thomson's gazelle 20 1670 87 0-380 119 129
Adeotiskori Kori bustard 13 336 26 0-203 40 39

* DLo2, mean ofthe maximum and minimum values.

reflect the corrugation or the sporadic attenuation of the blood-gas (tissue) barrier
(Weibel & Knight, 1964; Meban, 1980), a higher ratio suggesting a greater degree of
corrugation. The ratio in man of 3-6 (Gehr et al. 1978) was higher than in Papio
(2*3). Sporadic attenuation of the barrier is said to be advantageous as it enhances
gas exchange by attaining an overall thinner barrier without sacrificing its mechanical
and functional integrity (Weibel & Knight, 1964).
The maximum weight-specific total morphometric pulmonary diffusing capacity

in Homo sapiens (3 6 ml 02/min/mmHg/kg) was notably lower than in Macaca irus
(6 5) and Papio anubis (5 4). This feature is a reflection of the more extensive surface
areas, thinner blood-gas (tissue) barrier and the higher pulmonary capillary blood
volume in Papio and Macaca (Table 6), these three features directly determining the
overall pulmonary diffusing capacity. The human values for the alveolar surface
area and the total morphometric pulmonary diffusing capacity fell below the
common regression line and tended to conform to those of the less active 'captive'
animals in the population of animals examined by Weibel (1972) and Gehr et al.
(1978). This indicates that the human lung is structurally less well adapted for gas
exchange when compared with the lungs of the wild, agile mammals. The lungs of
Macaca irus (Conradi et al. 1971) appear to be morphometrically better adapted for
gas exchange than those ofPapio, with the maximum total morphometric pulmonary
diffusing capacity being 20 % higher in the macaque. The rhesus monkey is smaller
than the baboon and presumably is more active.
The small size of the macaque would lead to a higher resting metabolic rate which

accounts for the better pulmonary gas exchange adaptations in this species. The
morphometric features of Papio (Table 7) were less specialised than those of the
Thomson's gazelle (Gazella thomsoni) (Gehr et al. 1981), an energetic mammal of
equivalent body weight which lives in the open savanna and is constantly on the
move to escape from predators.

This study clearly indicates that there is a pressing need to examine the lungs of
more non-human primates, particularly those of the apes. The anthropoid apes are
known to be closer to man than the monkeys (Clark, 1970). The knowledge gained
from such studies could be invaluable in the preservation of the primates, and
particularly in related biomedical research.
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SUMMARY

The gross, histological and ultrastructural organisation of the baboon lung was
found to be similar to that of the human lung. It is suggested that, in general, the
lungs of the non-human primates would serve as ideal models for the study of the
human lung.
The baboon lung comprises the parenchyma, the gas exchange part of the lung

which consists of alveoli, blood capillaries and the tissue of the interalveolar septum,
and the non-parenchyma made up of the air conducting passages like bronchi,
bronchioles, larger blood vessels, connective tissue and pleura. On morphometric
analysis, the parenchyma was found to constitute 87 % of the lung, the rest being
made up of the elements of the non-parenchyma. The alveoli, blood capillaries and
the interalveolar tissue respectively constituted 76, 8 and 16 % of the parenchyma.
The harmonic mean thickness of the blood-gas (tissue) barrier was 0475 ,um and

the arithmetic mean 1 12,um, the ratio being 1: 2 3. The weight specific surface area
of the blood-gas (tissue) barrier was 37 cm2/g and the surface density of the tissue
barrier in the parenchyma 92mm2/mm3. The total morphometric pulmonary
diffusion per unit body weight was 4 ml02/min/mmHg/kg and the volume of the
pulmonary capillary blood per unit surface area of the tissue barrier 084 cm3/m2.

Morphometrically the baboon lung was thus observed to be better adapted for gas
exchange than that of man but less specialised than that of the smaller monkeys such
as Macaca mulatta.
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