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l'lg. 21·1. F.orn~ntion or neural tulle. 
,_,

·---•----··--···-'~ ....... ~ ............ 
I 

NEURAL TUBE FORMATION I 

. I. ·At the beginning of the third wet:k, uitder the inductive infl~t- ! 
ence of the notochord, the dorsal ectoderm thickens in th!! 
midline to form the neural plate (f.ig. 21-1). ' · . · 

II. Due to the changes in the shape and size df Lheneural epithelial i 
cells and the changes in their connections with surrounding' 

. cells, the lateral margins ofthe plate becon1c elev!lttd lo forrn' 

I III. 
the neural folds. ·' · 

' I 

The depression between these folds is kriowtt !'IS netttl\1 groove. 

' 

IV. At about the 25th day the neural folds (usc to form the neural ' . 
tube. The fusion begins at the fourth somite and ptogresses ' 
roslrally and caudally. · · · , 1 

V. I' or a short time the neural tube ren1ains open at both cuds as 
the rostral and caudal ncuropores (Fig. 21·2). ' · 1 

· • • 

VI. The rostral neuropore closes at about llte 25th dny, and J.Wd 
days later the caudal neuropore closes. . : · .. : . 

·-- -------- -· -- . ~'-···· - :. - ...... _ .. ...._~ ..................... ....--
VII Some cells at the margin of neural fold do not inct>rpornte Into 

! \flU ·,;.\11~ 1;1cet:;r~\~~~~:~ ~i~~n~;~~: ~~;~~t~~~~;~:~~l :;;~~·crm nnd slt~~s ! · 
into the underlying mesoderm. 



Anterior neuropore 

neuropore 
22 days 23 days 

Figure 5-4. A, Dorsal view of a human embryo at approximately day 22. (Modified 
after Payne.) Seven distinct somites are visible on each s1de of the neural tube. 
B Dorsal view of a human embryo at approximately day 23. (Modified after Corner.) 
Note the pericardia/ bulge on each side of the midline in the cephalic part of the 
embryo. 



Open neural tube 

A 

SplnGI cord 
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Dura 

Heirs 

Dura~ 
Arachnoid~ 

FIG. 12·31! Varities of closure defects of the spinal cord and vertebral column. A, 
Rachischisis. B. Spina bifida occult a, with hair growth over the defect. C, 
Meningocele. D, Myelomeningocele. · 

Other Closure..Jlufects 

A defect in the formation of the bony covering ovcrlyin~ 
ctt er t spma co or ra.u1 can rcsu t ·~ a gra ed sencs 
of structural anomalicil. In the spinal cord, the simplest de
feel is called spina blftda occults (Fig. 12-38, B). The spi· 

nal cord and meninges remain in place, but the bony cov
ering (neural arch) of one or more vertebrae is incomplete. 
Sometimes the defect goes unnoticed for many yeafs. The 
site ofihe defect is often marked by a tuft of hair. The next 
most severe cniegory of defect is a meningocele, in which 
the· dura muter may be missing in the urea of the defect ~nd 
the arachnoid layer bulges prominently beneath the skin 
(Fig. 12~3·8, C). The spinal cord, however, remains in 
place, and neurological symptoms are often minor .. The 
most severe condition is a myelomeningocele, in which the 
se~n~~~-'=Qrd bulges or is entirely displaced into the protrud
ing sUbl!tbchnoid space (Figs. 12-38,.0 and 12-39). Be
cause uf pi'Oblcms associated with displaced spinal roots, 
n~y_r_oJogi~ill__problems arc commonly associated wilh lhis 
condifion. 

• 
,. 
: ·.·~ 

j .;.~ 

FIG. 12-39 Infant with a myelomeningocele and 

D 



:'G: 12-37 Felus .._;iih a severe case of rachischisis. The 
. rarn rs not covered by cranial bones. and lho 
hghi-Colorod splnol cord is rorally exposed. 

· fCounesy .Muon Barr, Ann Arbor, Mich.J 

A numhcr of the: clo~urc dcfcd." c.·an he di:•r~noscd hy rhe 
del eel inn o~ clcvnrcd lcvds nf nlf!hn-fclnr,rolcln in rhc uru
nlolic Otdd or by ultrm:nund !;c:-tnning. j 

Defects In Closure of tho Neural Tubo 

!,.ui_lurc pf_closurc of I he ucuralrubc occ"!rS nm!il conunonlr 
rn tht:! I"C1!,t~~r_l.~_of lhc :111tcrior nnd posterior ncurop(_Jrc, but 
other loc:11rons nn~ nho possible. In rhis condition the spi
n;!! coni or hUt in ih the ilffc<.:tcc.J urea i:~ ~rlnycd open, wirh 
the w:dl of the central c:'"al or vcntric:ular !\j'Siclll consti
tnlir•g the outer s'mf:Kc. A closure defect or ths.:Tinal cord 
is.Callctl rtlcldsthisls :tr~d, in the brain, cranloschh.;i.c;, Cr.,~ 
nios~hi_sl.~. !~Afi.q~hlqatiblc ~ilh lif?. ~.(fig. 12- _ 
J7) '" u~nClcmiCd wrlh n wrdc vnncry of severe problem~. 
includiug c;bronic infccliork_ motor 11nd scn~ory dcficil!>, ornd 
tlislurhnncc!> in blnddcr function. l11csc dcfcciS commonly 
uccnmpnny ancncephnly (see Fig. 8-4). in which there is a 
massive deficiency of cranial slruclures. 

Myelination ;, 1h~ Spinal Cord 

In the spinal corc.l the nerve fibers arc heavily 
myelinated or slightly myelinated. The 
myelin sheath is formed and maintained by 
the '?ligodcndrocytcs of the neuroglia. The 
cervical portion of the cord is the first part to 
develop mYCli·n·;-ancr-from he~-;;··-the-pro'i::css 
extencfscauilally. The fibers of the amerior 
nerve roots are myelinated before those of the 
posterior nerve roots. I he process of myelina
tion begins within the cord at about the 
fourth month, and the sensory fibers are 
affected first. The descending motor fibers are 
the last tO...!:_l_Y~H~ae, wh1ch process Jocs not 
begin u-rlt-il term; it continues during the first 
2 years of postnatal life. 

Myelination m the Brain and th~ 011set of 

Function 

M lination in the brain begins at about the 
month of fetal life but is restricted to 

,/_ fib~s gf._ the~g_;l_!!g!ia. Later the 
scn~fibers J~ing up from the spinal cord 
myelinate, but the progress is slow so that _ _!L 

birth the brain is still largely unmyelinated. 
ln the newborn there is very little cerebral 
function; motor react ions such as respiration, 
sucking, and swallowing are essentially reflex. 
After birth the corticobulbar, corticospinal 
fibers, and the tectospin;li and corticoponto
ccrcbcllar fibers begin w myclinate. This 
process of myelination is not haphazard but 
systematic, occurring in clirTercnt nerve fibers 
at speciflc times. The corticospinal fibers, for 
example, start to myclinalc at about G months 
after birth, and the process is .largciy com-

___ plctc by the end of the seCond year. It _is 
believed that some nerve fibers in the bram 
and spinal cord do not complete myelination 
until puberty. 



··-·-------·--·'"-···-· .. _________ ., __ .-----·-·---~---

A similar spcclrum of anomalies is associated with era· 
nial defects (Figs. 17-40 and 12-41 ). A meningocele is typ
ically associated with a small defect in the skull, whereas 
brain !issue :~.lone (mcnlngoencephulocclc) or brain tissue 
conraining part of the ventricular system (mcningohy
droen<ephalocoele) may protrude through a larger open
ing in~ skull. Depending on the nature of the protruding 
tissue, t~sc malformations mi.ly be associated with ncuro
logrcal deficits. The mcchunicul circl1Hhatu1ccs may ulso 
lead lo sccond:~,ry hydrocephalus in sorllc cases. 

Microcephaly is a relatively uncommon condition char
acterized by underdevelopment of both the brain and the 
cranium (see Fig. 10-9). Ailhough it can resuil from prc
lllaturc closure of the cranial sutures, in most cases its eti
ology is uncertain. 

Many of the functional defects of the nervous system are 
poorly characterized, and their etiology is not understood. 
Studies on mice with genetically based defects of move
ment or behavior due to abnormalities of cell migration or 
histogenesis in certain regions of the brain sUggest there is 
likely a parallel spectrum of human defects. Me"ntol retar
dation is common and can be atLribulcd to many causes, 
both genetic and e"nvironmental. The timing of the insult to 
the brain may be late in the fetal period . 

• 

A B c 

FIG; 12_40 Herniations in the cranial region. A, 
Meningocele. B, Meningoencephalocele. C, 
Meningohyd roencephalocole. 

FIG. 12_41 Fetuses with (A) an occipital meningocele 

and (B) a frontal encephalocele. 
{Courtesy Mason Barr, Ann Arbor, Mich.) 
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Fig. .JS The gyri of the ateral surface of the ce:-ebral hemisphere. 
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Central sulcus 
Paracentral sulcus 

Marginal sulcus 

Cingulate sulcus Subparietal sulcus l 

I 

~r~. 
! • 

Rhinal 
sulcus 

Collateral 
sulcus 

® 
Calcarine 
sulcus 

Figure 13-5. Gyri and sulci on the ~.and "nferior surfaces of the right 
cerebral hemisphere. (A) Uncus. (B) ~~-(retrosp e 1a co ex connecting 
the cingulate and parahippocampal gyri. ( x 0.63) 

Fig. 53 The gyri of the medial surface of the cerebral hemisphere 

(The different parts of the limbic lobe arc shaded) 
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Figure 75 Medial view of the brain, arachnoid 
and pia mater removed. Median section ( x 1.5) 

A. Medial frontal gyrus 
B. Cingulate sulcus 
C. Cingulate gyrus 
D. Isthmus of cingulate gyrus 
E. Parieto-occipital sulcus 
F. Cuneus 
G. Calcarine sulcus 
H. Lingual gyrus 
I. Interventricular foramen 
J. Thalamus 

K. Hypothalamic sulcus (position of) 
L. Hypothalamus 

M. Optic recess of third ventricle 
N. Optic chiasma 
0. Infundibulum and infundibular recess of third 

ventricle 
P. Tuber cinereum 
Q. Mamillary body 
R. Posterior commissure 

S. Superior colliculus}/cc{UM of "'-;Jbra'l" 
T. Inferior colliculus 
U. Cerebral peduncle of midbrain 
V. Pons (anterior or basilar part) 

W. Medulla 
X. Cerebellum (vermis) 
Y. Cerebellum (hemisphere) 
Z. Pons (legmenlum or posterior part) 

Can you locate: 

Corpus callosum (rostrum, genu, trunk, splenium) 
Fornix 
Anterior commissure 
Pineal recess of third ventricle 
Cerebral aqueducl 
Fourth ventricle 
Pineal body 

'-\,w 
~- ~ 

C\ t 
-- ~i 
--~---------

--.. 

~-
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Figure 74 Medial view of the brain, arachnoid 
and pia mater removed. Median section (x1.5) 

A. Straight gyrus (gyrus rectus) 
B. Paraterminal gyrus 
C. Subcallosal area 
D. Cingulate gyrus 
E. Cingulate sulcus (and its marginal ramus) 
F. Paracentral lobule 
G. Central sulcus 
H. Precuneus 
I. Parieto-occipital sulcus 
J. Calcarine sulcus 

K. Splenium of corpus callosum 
L. Trunk of corpus callosum 

M. Genu of corpus callosum 
N. Rostrum of corpus callosum 
0. Septum pellucidum 
P. Body of fornix 
Q. Choroid plexus of lateral ventricle 
R. Pineal body 
S. lnterthalamic adhesion 
T. Anterior commissure 
U. Cerebral aqueduct 
V. Superior medullary velum 

W. Founh ventricle 

Can you locate: 

Medial frontal gyrus 
Cuneus 
Lingual gyrus 
Interventricular foramen 
Thalamus and hypothalamus 
Optic nerve and chiasma 
Optic recess of third ventricle 
Midbrain (cerebral peduncle and tectum) 
Pons 
Medulla 
Posterior commissure 
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MuiiJri11tl. ''':1:111 1 
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Fig. 7.1 ~~~~. t-~, 
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Fig. 7.2 Anterovcntral surface of the cerebellum. The right tonsil of the cerebellum has 
he en removed to show the inferior meduloary velum. 

CPrelwllar pPdundes tseP Fig-ure 1.71 

@Inferior ccr·cudlar· peduncle 

·cttnn•·cls thP n•n·lwllulll to tlw nwdulht. 
COilSIS(S of two divisions: 

a. l{cstiform hody 
·-is :111 afh·rent fillpr system containing: 
(II Dorsal spi noecrcbcllar tract 
t :l I ( :uncoct•r·••hdlar tract 
t:ll Olivon·r·(•hPllar t.r·act 

b. Juxtarestiform body 
-contains afferent and efferent fibers: 
(1) Vestibulocerebellar fibers (afferent) 
(2) Cerebellovcstibular fibers (efferent) 

@Middle cerebellar peduncle (f) olcP; 11\V>I e<fYl'h5) 
-connects the CPrehellum to the pons. 
-is :m am•rent. filwr systl'm containing pontocerelu•llar lihers to tlw 

n<•oc('rPiw II u m . 

.P,rMec}. diJ 0-.J<ll'll s rf'o 'Pmfine nvdt; db dffosia .r,-de 
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Fig. 12-4. Motor areas of I he cerebral cortex. 
·~ ([?) 

8 Molar homunculus ~f-~ , 

B. Motor areas 

Primary 
motor cortex 

i 
f{ 
l 
r ) 

1. Primary motor cortex (area 4) 

-is located in the precentral gyrus and in the anterior part of the para
central lobule(tm t/)J__ McJ;.J. .Surflc~ )~ !lowtx -?J"mb EB 

jc-contributes to the corticospinal tract. sr~•ncter;; 
-is somatotopically organized as the motor homunculus (see Figure 
23.28).+-(F<'lc~ ¥- ~'mbs) are Hfrr Sented_ .f....uc 

-contains the giant cells of Betz in layer V. 
-stimulation results in contralateral movements of voluntary muscles. 
-ablation results in a contralateral upper motor neuron lesion. 

1 

-bilateral lesions of the paracentral lobule (e.g., parasagittal meningio- 1 
mas) result in urinary incontinence. ' 

- ee.s/a"""n tn ~ 4 _.. t0MciJ. ?rl rtti)/Ui~ cf(~ ciiH~ 
!WI~v>~r 4 _t·Wtgs fE) ~(lot_ un;,._ ® deJ!~<ts.d 111. L<Scfe S'frcfct 

I ."1.-Vl ·----'>- W 1:. i/ ,1 ' ' 
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•' f 
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( ev11YU f)i! n ( r"-<cr ct J'fil..fe c'J s? t!J(l' · ~ , "' 
-fJP,tdidifJ 0 ~ Gl t:J 'ut./- uveut."dctws. 

2. Premotor cortex (area 6) 

-is located anterior to the precentral gyrus. 
*-contributes to the corticospinal tract. 

-plays a role in the control of proximal and axial muscles; it prepares 
the motor cortex for specific movements in advance of their execution. 

-stimulation results in adversive movements of the head and trunk and 
flexion nnd extenRion of the extremities. 

- r~·Vd.' <71 rll-tt ""- ?~•t\0\".'"S 'Y <!'!.rcu)-,' 0111 c(;, "hA.sv~•u~~~~ ~ 
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3. Supplementary motor cortex (area 6) 

""'J-\' --. 
-~•m 

-~'~·· J .-.. · ·.~ ........... 
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-is located on the medial surface of the hemisphere anterior to the para
central lobule. 

*-contributes to the corticospinal tract. 

-pla->:s a ~ole in_ programming complex motor sequences and in co
ord~natmg bilateral movements; it regulates the sornatosens · _ 
put mto the motor cortex. ory In 
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TheCerebrospinal Fluid, 
the Ventricles of the 
Brain, and the 
Brain Barriers 

3t:.i v~::ntricle 

c~::r~::bral 
aqueduct 

4!.!: ventricl~:: 

poSt. (Lt.~u.J.. \Jb\tri Jk) 
horn 

Collateral trigone (atrium) 

Interventricular foramen 

Lamina terminalis ----"'"· 

Aqueduct Sylvius 

Inferior horn (ternpc•ral) 

--Median aperture (foramen Magendie) 

d. ve.ntr!cle..) 

\;---Central canal 

Ventricles- lateral view 
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TABLE 3-6. Composition of CSF 

[CSF] - [Blood] 

Na• 
CI-

HCOi 
Osmolarity 

[CSF] < [Blood] 

K• 
Ca2 + 

Glucose 

Cholesterol* 

Protein* 

[CSF] > [Blood] 

Mg2+ 

Creatinine 

* Negligible in CSF. 

FIGURE 3-35. Mechanism lor 
production of cerebrosplnal fluid. 
CSF, cerebrospinal fluid. 

The barrier between cerebral capillary blood i 

FORMATION OF CSF 

Interstitial 
fluid 

l 

J.. . . . 
. 1 . 1 ·I· • I •[• 

., 
E] 

I 
Cerebral venous blood 

} Choroid 
plexus 

and CSF is the choroid plexus. This barrier consists ~ 
of three layers: capillary ;ndothelial cells and ~ase- I Formation of CSF 
ment membrane, neuroglial membrane, and ep1the- ' CSF is formed by the epithelial cells of the cho-
lial cells of the choroid plexus. The choroid plexus ' roid plexus. Transport mechanisms in these cells 
epithelial cells are similar to those of the renal distal secrete some substances from blood into CSF and 
tubule and contain transport mechanisms that move absorb other substances from CSF into blood. Mole-
solutes and fluid from capillary blood into CSF. cules such as protein and cholesterol are excluded 

The barner between cerebral capillary blood from CSF because of their large molecular size. On 
and interstitial fluid of the brain is the blood-brain the other hand, lipid-soluble substances such as 
barrier. Anatomically, the blood-brain barrier con-
sists of capillary endothelial cells and basement 
membrane, neuroglial membrane, and glial end feet , 
(projections of astrocytes from the brain side of the 
barrier). Functionally, the blood-brain barrier differs 
in two ways from the analogous barrier in other 
tissues. (!) The junctions between endothelial cells 
in the brain are so "tight" that few substances can 
cross between the cells. (2) Only a few substances 
can pass through the endothelial cells: Lipid-soluble 
substances (e.g., oxygen and carbon dioxide) can 
cross the blood-brain barrier, but water-soluble sub-
stances are excluded. 

oxygen and carbon dioxide move freely and equili
brate between the two compartments. Thus, de
pending on the transport mechanisms and the char
acteristics of the barrier, some substances are 
present in higher concentration in CSF than in 
blood, some are present at approximately the same 
concentration, and some are present in lower con
centration in CSF than in blood. Many substances 
readily exchange between brain interstitial fluid and 
CSF (see Figure 3-35), thus the compositions of in- 1 
terstitial fluid and CSF are similar to each other 
but different from blood. Table 3-6 compares the 
composition of CSF and blood. 

1 



MENINGES: 
Dura Mater, Arachnoid, & Pia Mater ····@ 

Dura 
Mater 

Frontal Section 
through the brain 

Superior 
Sagittal Sinus 

Arachnoid 
Arachnoid 

Villus 

ABSORPTION OF 
CEREBROSPINAL 
FLUID 

Subarachnoid 
. Space 

filled with 
cerebrospinal fluid 

(trabeculae are not shown) 

CSF drains into 
superior sagittal sinus 

via arachnoid villi 

Cerebral Cortex 

The cerebrospinal fluid is absorbed into the arachnoid villi that project into the 
dural venous sinuses, especially the superior sagittal sinus (Fig. 17-1). The 
arachnoid villi are grouped together to form arachnoid granulations. Each 
arachnoid villus is a diverticulum of the subarachnoid space that pierces the dura 
mater. 

Absorption ol" cerebrospinal Huid into the venous sinuses occurs when the 
cerebrospinal liuid pressure exceeds that in the sinus. Studies of the arachnoid 
villi indicate that fine tubules linl'd \\-ith endothelium permit a direct flow of 1\uid 

from the subarachnoid space into the lumen of the venous sinuses. Should the 

venous pressure rise and exceed the cerebrospinal Auid pressure, compression 
of the villi closes the lubules and prevents the reflux of blood into the subarach
noid space. 

Some of the cerebrospinal fluid is absorbed directly into the veins in the sub
arachnoid space and escapes through Lhe perineural lymph vessels of the cl'anial 
and spinal nerves. 
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The subarachnoid space is the interval between the arachnoid mater and pia 
mater and( envelops the bram and spmal co@:\{ Fig. 17- !). The space is.!)lled with 
~ and contains the large blood vessels of t~n. Inferiorly, 
the subarachnoid space extends beyond the lower end of the spinal cord and 
invests the cauda equina. The subarachnoid space ends below at the level of the 
interval between the second and third sacral \.-'Crtebrae. 

Subarachnoid Cisterns. In certain locations around the base of the brain, the 
arachnoid does not closely follow the surface of the brain so that the subarach· 
noid space expands to form cisterns. The cerebellomedullary cistern lies be
tween the cerebellum and the medulla oblongata, the pontine cistern lies on the 
anterior surface of the pons, and the interpeduncular cistern lies on the ante
rior surface of the midbrain between the crura cerebri. 



The circulatum of the cerebrospinal fluid 

7' Superior sagittal venous sinus ~11\..ot"ctt«... I Arachnoid granulation 
I / @' I ""// 

/ 

Dura macer 
/ 

~· Arachn id macer 
~~~ Subarachnoid space filled 

~ 

~~~ with cerebrospinal fluid 

----·Pia macer 
,.._,~'.-----· Choroid plexus of 

lateral ventricle 

----- Lateral ventricle 
,~,~~lL__ I t . l 

· -- ntervencncu ar 
foramen 

---- Third ~entricle 
----- Cerebfal aquedun 

---Tentorium cerebelli 

--
Choroid plexus of 

third ventricle 

-'Fourth ventric e 

', Lateral openifg of the fourth 
, 'ventricle (foramen of Luschka) Choroid plexus of 

fourth ventricle 

,/ 
/ 

Subarachnoid space.:::_ __ _ 
filled with 

cerebrospinal fluid 

' Median opening of the fourth 
ventricle (foramen of Magendie) 

Central canal of 
spinal cord 

J 
' 0 " 
Subi\A<Icl,"oi J 
S<p~ce 

Inferior end of spinal cord / 
(level of lower border of/ '-..,,Inferior end of subarachnoid space 

(level of lower border of second 
sacral vertebra) ,;;;~ 

L~ first lumbar vertebra / 
~ in adult) /// 

CIRCULATION OF 
CEREBROSPINAL 
FLUID 

Filum terminale 

The Auid passes from the lateral ventricles into the third vemnclc throug-h tlw 
interventricular foramina (Fig. 17-1 ). It then passes into the fourth ventricle 

through the cerebral aqueduct. The circulation is aided by the arterial pulsation~ 
of the choroid plexuses. 

From the fourth ventricle, the fluid passes through the median aperture and 
the lateral foramina of" the lateral recesses of the fOurth ventricle and enters the 

subarachnoid space. The fluid then flows superiorly through the interval in \he 
tentorium cerebelli to reach the inferior surface of the cerebrum (Fig. 17-l ). It 

now moves superiorly over the lateral aspect of each cerebral hemisphere. Some 
of the cerebrospinal fluid moves inferiorly in the subarachnoid space around the 

spinal cord and cauda equina. The pulsations of the cerebral and spinal arteries 

and the movements of the vertebral column facilitate this How of Huid. 
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A, normal fundus oculi. 0, papilledema. 

Extensions of the Subarachnoid Space. A sleeve of the subarachnoid space ex
tends around the optic nerve to the back of the eyeball. Here the arachnoid 
mater and pia mater fuse with the sclera. The central artery and vein_ of the 
retina cross this extension of the subarachnoid. space to enter the optic ~rve 
and they rna be compressed in patients with raised cerebros ina I fluid pressure. 
Small extensions of the su space also occur around the o[her cranial 
and spinal nerves. 

The Pressure of the Cerebrospinal Fluid 

Any obstruction to the normal passage of cerebrospinal fluid 
causes the fluid to back up in the ventricles and leads to a general 
increase of intracranial pressure. After the pressure has been ele
vated for some time, usually a matter of days or weeks, the effect can 
be seen by( inspecting the fundus of fhe eye with an ophth~lmoscope. 
Due to the high pressure inside the sleeve of dura mater which 
surrounds the optic nerve, the retinal veins are dilated and the optic 
nerve head (optic disc) is pushed forward above the level of the 
retina. This is known as papilledema, or choked disc. If papilledema 
has persisted for a lon~ers of the optic nerve will be 
damaged and the disc assumes a chalk-white color instead of the 
normal pale pink. 

' '' 
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The most common cause of Papilledema is a tumor of the brain 
compressing some par o e ventncu ar system.' Tumors far remov
ed from the ventricles may not produce obstruction until they reach 
very large size.-~ tumor of the cerebellu~ generally exerts pressure 
on the roof of the fourth ventricle, and, smce it is confined within the 
posterior fossa by the semi-rigid tentorium cerebelJi with little room 
for expansion, it is likely to cause early obstruction to the How of 
cerebrospinal fiuid throug-h t'he fourth ventricle. Tumors ncar the 
orbital surface of one frontal lobe may compress the optic nerve and 
produce optic atrophy in that eye, while the other eye develops 

papilledema from generalized elevatlon of pressure as the tumor 
expands in size, the Foster Kennedy syndrome. Other cardinal signs 
of brain tumor in addition to papilledema are persistent headache 
and vomiting. The headache is probably caused from the stretching 
of nerve endings in the dura mater. Irritation of the vagal nuclei in 
the floor of the fourth ventricle accounts for nausea and vomiting. 
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The cerebrospinal Auid serves as a protective cushion between the central ner
vous system and the surrounding bones. The close relationship of the Huid Ln 

the nervous tissue and the blood enables it to serve as a reservoir and assist in 

the regulation of the contents of the sku\\. The cerebrospinal fluid is an ideal 
physiological substrate and probably plays an active pan in the nourishment o! 
the nervous tissue; it almost certainly assists in the removal of products of neu
ronal metabolism. The secretions of the pineal gland possibly inHuence the ac
tivities of the pituitary gland by circulating through the cerebrospinal Huid in 

the third ventricle. 

Hydrocephalus is an abnormal increase in the volume of the cerebrospinal Huid 
within the skull. If the hydrocephalus is accompanied by a raised cerebrospinal 
fluid pressure, then it is due to either (l) an abnormal increase in the formation 
of the fluid, (2) a blockage of the circulation of the fluid, or (3) a diminished 
absorption of the fluid. Rarely, hydrocephalus occurs with a normal cerebrospi
nal fluid pressure and in these patients there is a compensatory hypoplasia or 
atrophy of the brain substance. 

The blood-brain barrier protects the brain from toxic compounds. In the new
born child or premature infant, where these barriers are not fully developed, 
toxic substances such as bilirubin can readily enter the central nervous system 
and produce yellowing of the brain and kernicterus. 

In certain situations, however, it is important that the nerve cells be exposed 
without a barrier to the circulating blood. This enables neuronal receptors to 

sample the plasma directly and to respond and maintain the normal internal 
environment of the body within very f-ine limits. There is no blood-brain barrier 
in the pineal gland, the hypothalamus, the posterior lobe of the pituitary, the 
tuber cinereum, the wall of the optic recess, and the area postrema at the lower 
end of the fourth ventricle. 

The blood-brain barrier is formed by the tight junctions between the endo
thelial cells of the blood capillaries. In those areas v . .1here the blood-brain barrier 
is absent, the capillary endothelium contains fenestrations across which proteins 
and small organic molecules may pass from the blood to the nervous tissue. 
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Fig. 10.13 Horizontal (axial) 
magnetic resonance image of 
lhe living brain. 
(Counesy of Dr. A. Jackson, 
Deparunent of Diagnostic 
Radiology, University of 
Manchester.) -~~ 
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The major afferent connection of the hypothalamus is the fornix, a 

,n b conspicuous tract ending in the mammillary nuclei. The fornix arises 
\.K-e-w. e L<-' VL 

~ _from the hippocampus, which is formed by an infolding of the in-
t/2,_ ;t_l. ferior surface of the temporal lobe along the line of the hippocampal 
n · /_' I· be fissure. Fibers of the fornix proceed backward on the ventricular 

.tA. viii v' c J..D 
surface of the hippocampus, then arch forward under the .corpus 

iA fcvJ ob callosum. The fornix completes its nearly ring-shaped course by 
iL ~ '. • turning downward and back to reach the mammillary body (Fig. 40). 

'-'- .()WI br< The efferent connection of the mammillary body is the mammil-
J1S{ e 17.A lothalamic tract, a prominent bundle of fibers passing directly to the 
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anterior nucleus of the thalamus. T.he anterior thalamic nucleus 
sends fibers to the cingulate gyrus, which is the long gyrus next to 
the corpus callosum on the medial aspect of the cerebrum. The 
cingulate gyrus encircles the corpus callosum and, in its posterior 
part, is continuous through a narrowed strip (the isthmus) with the 
parahippocampal gyrus, the most medial convolution of the temporal 
lobe. Together the cingulate gyrus, isthmus, parahippocampal gyrus, 
and the uncus, an eminence near the front of the hippocampal gyrus 
form a ring of cortex known as the limbic lobe of the brain (see Fig. 


