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RES. BULL. 4(2)239-247, l979.-Rostra1 septal lesions accelerate somatic growth in adult hamsters. This study tested the 
hypothesis that this effect results from damage to fibers of passage by observing the effects of transections of septohip- 
pocampal and septohypothalamic connections on growth. We attempted to identify these fibers further by (al measuring 
spectrofluorometrically changes in the monoamine concentrations in hippocampus, cerebral cortex, corpus striatum, and 
diencephalon. fb) staining the degenerating axons after septal lesions and the two cuts, and (c) examining the correspond- 
ence between such damage and the acceleration of growth. Both knife cuts accelerated somatic growth and were associated 
(as well as septal lesions) with signi~cant depletions of serotonin (-27 to ~57%) and norepinephrine (-27 to -60%) in the 
hippocampus, with less consistent depletions of these monoamines in the cerebral cortex, and with no changes in regional 
dopamine content. All three procedures were associated with degeneration in the hippocampal formation and its fiber 
systems. Thus, fibers interconnecting hippocampus and brainstem, and passing through septum, exert tonic suppression 
over somatic growth in adult hamsters. 

Growth Hippocampus Septum Hypothalamus 
Dopamine 

RODENTS retain the capacity for skeletal and ponderal 
growth throughout most of their adult lifespan 12, 14, 15, 261, 
but their growth rate declines around the time of puberty [5, 
32, 431. Although the mechanism responsible for this slow- 
down in growth rate is not well understood, certain experi- 
mental manipulations have revealed a latent capacity for 
rapid growth in adult hamsters and rats. In adult hamsters, 
exposure to voluntary exercise [4,9] and lesions of rostra1 
medial septal area 171 are associated with acceleration of 
somatic and skeletal growth, but not with changes in the 
percentage of body fat [7,8]. In rats, intraventricular admin- 
istration of a serotonin-depleting drug, 5,7-dihydroxy- 
tryptamine to young male animals [40], and transection of 
anterolateral [30, 31, 351 and lateral [20,21] connections of 
the medial basal hypothalamus in adult female animals leads 
to acceleration of somatic and skeletal growth. These knife 

cuts are effective only after the females have entered the 
slow phase of growth characteristic of adult animals [21]. 
These cuts also induce obesity in rats of both sex [ 19,351, but 
do not accelerate somatic growth in males [ 19,391. Similarly, 
acceleration of growth rate in hamsters by voluntary exer- 
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cise only occurs in adult animals whose growth rate has un- 
dergone a decline [S]. These findings suggest that growth rate 
in adult rodents declines under the influence of a growth 
suppressing mechanism which can be blocked by neuroen- 
docrine manipulations. 

In the present study we examined the brain structures and 
connections which inhibit somatic growth in adult hamsters. 
Using three experimental approaches, we have tested the 
hypothesis that the growth acceleration seen following elec- 
trolytic lesions of the rostra1 medial septum [7] results from 
damage to fibers passing through the septal area and have 
attempted to identify these fibers. First, we have used a 
retractable-wire knife [41] to transect axons connecting the 
septum with hypothalamus and midbrain on one hand and 
with the hippocampus on the other. Secondly, we have in- 
vestigated whether the growth-inducing lesions and knife 
cuts damage serotonergic, noradrenergic or dopaminergic t% 
bers innervating the forebrain by measuring changes in the 
concentrations of these three monoamines in four regions of 
the forebrain following the lesions and cuts. Thirdly, using 
Fink-Heimer staining of degenerating axons, we have sought 
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to determine the similarities in the pattern of neural damage 
resulting from the different gro~h-inducing neurosurgical 
procedures. The evidence from the three experimental ap- 
proaches strongly implicates neural pathways interconnect- 
ing or passing through the hippocampus and brainstem via 
the septal area in tonic suppression of somatic and skeletal 
growth in adult hamsters. 

METHOD 

Animals 

Ninety-three female golden hamsters weighing about 100 
g and over 100 days old were obtained from Engle Labora- 
tory Animals, Farmersburg IN. Animals were housed indi- 
vidually in standard suspended wire cages in light- (12L:12D) 
and temperature-controlled (22°C) rooms with an unlimited 
supply of Purina Formulab chow pellets and water. 

Surgery und Histology 

Hamsters were anesthetized with sodium pentobarbital 
(75 mg/kg, IP). All stereotaxic surgery was performed with 
the skull horizontal between bregma and iambda, For mid- 
line septal lesions the stereotaxic coordinates were 2 mm 
anterior to bregma, at the midline, and 5 mm below dura. 
Two mA of current were passed for 20 set between the bared 
tip of an insulated No. 1 insect pin serving as anode and a 
rectal cathode with a cons~t-cu~ent lesion maker in 10 
hamsters. The electrode was lowered 2 mm below dura but 
no current was passed in 8 control hamsters. A retractable 
wire knife [41], 0.15 mm in diameter, was used for knife cuts. 
Bilateral hippocampal transections (HIPPO cuts) were done 
in 22 hamsters. Stereotaxic coordinates were 2.8 mm 
posterior to bregma, 0.5 mm lateral to sag&al sinus, and 3.0 
mm below dura. The knife was directed 45 degrees an- 
terolaterally and adjusted to a length of 3.4 mm with a 1 mm 
vertical dip. The knife was lowered, extended, and raised to 
the surface of the brain. In 20 control hamsters the same 
procedure was followed except that the knife was lowered 
0.5 mm below dura. Bilateral septoh~~ai~c transec- 
tions (SH cuts) were done in 19 hamsters, The stereotaxic 
coordinates for this cut were 2 mm anterior to bregma, 1.6 
mm Iateral to sagittal sinus and 4.5 mm below dura. In this 
position, the knife was extended 2.5 mm in the anterior 
direction, rotated medially 180“, retracted and removed. In 
14 control hamsters the same procedure was followed except 
that the retracted knife was lowered 2 mm below dura and 
removed unextended. 

For monoamine measurements, hamsters were decap- 
itated and their brains were quickly removed and placed on 
a metal surface in contact with ice. The olfactory lobes were 
sectioned at the level of frontal poles and discarded. After a 
sagittal callosal separation, an incision was made along the 
cingulate gyrus and the cerebral hemispheres were retracted 
laterally to exposure the ventricle, hippocampus, septum, 
and corpus striatum. The hippocampi (including the sub- 
iculum, hippocampus proper, and dentate gyms) were peeled 
free. The corpus striatum fcaudate-putamen and globus pal- 
lidus) were extracted with fine forceps. The remaining por- 
tion of telencephalon including amygdala, entorhinal area, 
presubiculum and cerebral cortex but excluding the part of 
the hemisphere lateral to corpus striatum, was separated 
from the diencephalon with scissors and gll be referred to as 
cerebral cortex. The diencephalon was dissected with a 

razor blade. Vertical cuts were made caudal to optic chiasm, 
caudal to mammillary bodies, and medial to optic tracts. The 
tissue samples were wrapped in aluminum foil, frozen within 
5-12 minutes in liquid nitrogen and stored at -- 70°C for sub- 
sequent monoamine determinations. 

Ten hamsters were used to study the pattern of neuronal 
degeneration produced by lesions or knife cuts. The tissue 
was impregnated with silver according to procedure 11 of 
Fink and Heimer 1181. Three-day survival time was used for 
four animals with midline septal lesions, 4 hamsters with 
unilateral SH cuts and 2 animals with unilateral HIPPO cuts. 
Following the intracardiac perfusion with isotonic saline fol- 
Iowed by 1M formol-saline, brains were dissected and 
allowed to harden in 10% formoI-saline for a week. Brains 
were then embedded in two parts of egg-yolk mixed with one 
part of 12% gelatin ([16f and sectioned at 25 p on a freezing 
microtome. Brain sections were stored refrigerated in 1% 
Formalin and stained for neuronal degeneration. Adjacent 
sections were stained with cresyl violet to determine the 
location of damage and of degenerating pathways. 

Concentrations of serotonin, norepinephrine, and 
dopamine were determined in hippocampus, cerebral cortex, 
corpus striatum, and diencephalon with a spectrofluoromet- 
ric method 1231. All of the measurements for a given 
neurosurgical procedure were made within the same assay. 
Assays for the three nemosurgical procedures were per- 
formed at different times. Recoveries of compounds added 
to the homogenate were between 84 and 93% for serotonin, 
between 94 and 9% for norepineph~ne, and between 80 and 
94% for dopamine. Results have not been corrected for re- 
covery . 

Experimentul Design and Generul Procedure 

Animals were matched by body weight during the week 
preceding surgery and assigned to treatment or control 
groups. Weight measurements were taken daily. The rates of 
weight gain (ponderal growth rates) were determined as the 
slopes of least squares linear regression of body weight as a 
function of time after surgery. Animals which were used for 
the dete~inations of brain mono~ine concentrations were 
killed between the eighth and twelfth postoperative days dur- 
ing the period of maximal acceleration of ponderal growth. 
Skeletaf growth was evaluated from the whole-body radio- 
graphs on the 55th postoperative day in 10 hamsters with 
HIPPO cuts and in 10 control-operated animals, and on the 
77th postoperative day in 7 hamsters with SH cuts and in 6 
surgical controls according to a standardized procedure 191. 
Length measurements of the skull, the vertebral column of 
the body and the tail, of left humerus and the left femur were 
taken with direct-reading point calipers from the whole-body 
radiographs of experimental and control hamsters. Hamsters 
were anesthetized and extended on a Plexiglas device which 
insured constant body position. Radiographs were taken on 
DuPont Cronex film with a portable General Electric X-ray 
machine at a constant distance of 107 cm between the X-ray 
tube and the film and with exposures of 50 RV, 80 milliam- 
peressecond 191. 

hta Anulysis 

Standard errors of the mean are used to express data 
variability. Results were evaluated with the Student’s f-test, 
two-tailed except for skeletal growth data for which a one- 
tailed test was used. 
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RESULTS 

Acceleration of Growth by Midline Septal Lesions und by 
Bilateral HIPPO and SH Cuts 

The effectiveness of midline electrolytic lesions of rostra1 
medial septal area in accelerating ponderal and skeletal 
growth in adult hamsters was recently described [7]. We 
have replicated this phenomenon in the present study with 6 
lesioned hamsters whose postoperative weight changes are 
presented in Fig. 1, left. Following a 9-g weight loss on the 
first postoperative day, hamsters with septal lesions gained 
3.1 ? 0.4 g/day compared to ponderal growth of 0.3 2 0.1 
g/day in 8 control animals (p<O.OOl). Ten hamsters with 
HIPPO cuts lost 10 g on the first postoperative day and sub- 
sequently gained 1.8 2 0.2 g/day compared to the rate of 
weight gain in 10 control hamsters of 0.3 ? 0.1 g/day (Fig. 1, 
middle, p<O.OOl). Increased ponderal growth rate (2.0 * 0.1 
vs. 0.2 * 0.1 g/day in control animals p<O.OOl) continued 
during the first 30 postoperative days in 10 hamsters with 
HIPPO cuts that were allowed extended postoperative sur- 
vival. On Day 55 after surgery all skeletal measurements of 
the HIPPO-cut animals were significantly greater than in 10 
control hamsters (Table 1). 
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SH cuts in 8 hamsters were associated with a 20 g weight 
loss during the first two postoperative days followed by an 
acceleration of ponderal growth rate to 2.5 * 0.3 g/day com- 
pared to the control rate of 0.0 2 0.1 g/day in 8 animals (Fig. 
1, right, p<O.OOl). Accelerated ponderal growth was also 
observed during 30 days following surgery (2.0 & 0.1 vs. 
0.4 ? 0.1 g/day in controls, p<O.OOl) in 7 hamsters with SH 
cuts allowed extended postoperative survival. On the 77th 
postoperative day all but one of the skeletal length measure- 
ments in SH cut animals were significantly greater than in 6 
control animals (Table 1). 

FIG. 1. Mean weight changes of adult hamsters receiving midline 
septal lesion (n=6), bilateral transection of dorsal hippocampus 
(HIPPO cuts, n=lO), or bilateral horizontal cuts separating septum 
and hypothalamus (SH cuts, n=8) and of control-operated hamsters 

(n=8, n=lO, n=8, respectively). 

Changes in Regionul Bruin Monoumine Concentrations Fol- 
lowing Medial Septal Lesions and Biluterul HIPPO und SH 
Knife Cuts 

cuts. In addition there was a significant depletion of seroto- 
nin in the cerebral cortex, ranging between 9 and 22%, after 
all three neurosurgical procedures (Table 2) and significant 
depletion of cortical norepinephrine after HIPPO (- 17%) 
and SH (-30%) knife cuts (Table 3). With one exception 
(23% increase in diencephalon after HIPPO cuts), there was 
no significant change in regional concentrations of dopamine 
after either of the three neurosurgical procedures (Table 4). 

Significant depletions of serotonin (Table 2) and 
norepinephrine (Table 3) in the hippocampus were noted 
after all three neurosurgical procedures. Serotonin deple- 
tions in hippocampus ranged between 27 and 57%, while 
norepinephrine depletions in hippocampus ranged between 
27 and 60%. In each case, depletions of monoamines were 
lowest following septal lesions and greatest after SH knife 

Locution of Bruin Damage after Midline Septul Lesions und 
Biluterul HIPPO und SH Cuts 

Location and size of brain damage in the septal-lesioned 
animal showing greatest acceleration of growth (4.0 g/day, 6) 
is shown in Fig. 2. The center of the lesion was located in the 
midline 0.5 to 1.0 mm anterior to the anterior commissure. 
Damage was seen in medial septal nucleus, medial part of 
lateral septal nucleus, vertical limb of the diagonal band of 

TABLE 1 

INCREASED SKELETAL GROWTH IN ADULT HAMSTERS WITH HIPPOCAMPAL TRANSECTIONS AND 
SEPTOHYPOTHALAMIC CUTS 

Postoperative Day 55 
HIPPO cut (n= 10) 
Control (n= 10) 

Postoperative Day 77 
SH cut (n=7) 
Control (n=6) 

Lengths (mm) 

Skull Body Tail Humerus Femur 

37.21 + 0.15* 112.75 2 0.73* 35.41 + 0.351- 25.06 -+ 0.17* 29.43 c O.l2* 
36.40 + 0.13 105.41 ? 0.61 33.53 + 0.39 23.92 ? 0.15 27.87 2 0.11 

38.02 ? 0.21t 118.31 + 0.46* 35.43 * 1.57 25.89 ? O.OS* 29.26 ? 0.27* 
36.71 f 0.27 107.20 ? 1.22 33.00 -t 1.00 24.36 t 0.16 27.27 ? 0.29 

*Significantly different from corresponding control group: (p<O.O005) 
isignificantly different from corresponding control group: (p<O.O05). 



BORER. l%ULS(~N -ZND KUttNs 

REGIONAL SEROTONIN CONCENTRATIONS (@GiG) FOLLOWING MIDLINE SEP?-AL LESION AND BILATERAL HIPPO AND 
SH KNIFE CUTS 

Regions 
Cerebral corpus 

N ~ippoc~pus We I , Cortex “C * , , Striatum p/r* Diencep~alon W 

Surgery 

Septais 6 1.021 _f 0.05 - 27.01 0.610 t- 0.01 - 9.4f 1.632 f 0.07 + 0.9 1.653 t 0.03 + 2.9 
Controls 8 1.399 It 0.04 0,673 t 0.01 1.618 2 0.06 1.607 -+ 0.03 
HIPPO cuts 10 0.308 + 0.02 - 5O.IEi 0.359 k 0.01 - 12.4i” 0.610 + 0.02 + 6.3 0.925 + 0.02 i- 4.6 
Controls 10 0.617 t 0.02 0.410 -t 0.02 0.574 -c 0.03 0.884 i 0.03 
SH cuts 8 0.311 + 0.03 - 56.71 0.368 -r 0.017 - 21.7s 0.592 ?I 0.03 - 2.0 1.050 -t 0.03 + 0.6 
Controls 8 0.719 i 0.02 0.470 -e 0.022 0.604 + 0.03 1.044 t 0.05 

*Percent change refative to the corresponding control group. 
+Significantly different from the corresponding control group: fp<0.02). 
k%gnificantly different from the corresponding control group: @<O.Ol). 
BSignificantly different from the corresponding control group: @<O.OOl). 

TABLE 3 
REGIONAL NOREPIN~PHRINE CON~ENTR~rIONS tpG/Gi FOLLOWING MIDLINE SEPTAL LESION AND BILATERAL 

HIPPO AND SH KNIFE CUTS 

Regions N Hippocampus %* Cortex %* Striatum %* Diencephalon %* 

Surgery 
Septals 6 0.332 t 0.05 - 26.9+ 0.377 t 0.04 - 8.3 0.409 Ifi 0.05 1.713 r 0.14 i 9.7 
Controls 8 0.454 t 0.02 0.411 +- 0.02 0.409 t 0.03 1.561 I 0.06 
HIPPO cuts 10 0.175 + 0.01 - 37.91 0.226 t_ 0.01 - f&6$ 0.422 2 0.02 + 3.9 I.331 -t 0.04 + 6.0 
Controls 10 0.282 + 0.02 0.271 i 0.01 0.406 ‘-’ 0.04 I.256 i 0.04 
SH cuts 8 0.128 of- 0.01 - 60.48 0.166 t 0.02 - 30.3% 0.302 2 0.01 - 14.4 I.172 rt_- 0.03 + 5.5 
Controls 8 0.323 i 0.01 0.238 it 0.01 0.353 It 0.02 i.1ti “_ 0.06 

*Percent change relative to the corresponding control group. 
LSignificantly different from the corresponding control group: (p~O.05). 
$Signikantly different from the corresponding control group: @<O.Of). 
~Sign~~~antiy different from the corresponding control group: @<O.OOl). 

TABLE 4 
REGIONAL DOPAMINE CONCENTRATIONS (/.aGIC) FOLLOWING MIDLINE SEPTAL LESION AND BILATERAL HIPPO AND 

SH KNIFE CUTS 

Region N Hippocampus W 
Cerebral 

Cortex %* 
corpus 

Striatum %J* Diencephaion %,* 

Surgery 
Septais 6 0.795 + 0.05 - 3.0 0.388 2 0.05 - 2.8 6.557 2 0.68 - 15.5 I.029 2 0.15 - 22.1 
Controls 8 0.820 L 0.05 0.399 _f 0.03 7.757 + 0.24 1.32f t 0.03 
HIPPO cuts 10 0.689 k 0.07 + 8.5 0.372 c 0.04 + 7.8 8.494 + 0.61 + 6.1 1.235 LC 0.08 + 22.5: 
Controls 10 0.635 ;r 0.12 0.345 2 0.04 8.003 2 0.87 I.008 +- 0.07 
SH cuts 8 0.655 f 0.07 - 9.8 0.317 r 0.04- 6.5 6.686 r 0.49- 13.2 1.286 r 0.09 + 6.4 
Controls 8 0.726 + 0.05 0.339 ‘-c 0.03 7.710 2 0.40 I.209 -c 0.09 

*Percent change relative to the co~es~nding control group. 
~Signi~cantly different from the corresponding control group: @<O.OS). 
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FIG. 2. (A) Coronal view of the center of a midline rostra1 septal 
lesion in a hamster showing a postoperative ponderal growth rate of 
4.0 g/day. (B) Reconstruction of location and extent of histological 
damage in the same hamster. Numbers indicate in mm distance with 
respect to bregma. Abbreviations: a, nucleus accumbens, CA, an- 
terior commissure, CAA, anterior limb of the anterior commissure, 
CC, corpus cahosum, cp, caudate putamen, F, column of the fomix, 
FO, fornix, FPC, precommissural fornix, GCC, germ of corpus cal- 
losum, ha, anterior hypothalamic nucleus, HI, hippocampus, hvm, 
ventromedial hy~thalamic nucleus, LAT, lamina terminalis, porn, 
medial preoptic nucleus, sl, lateral septal nucleus, sm, medial septal 
nucleus, SM, stria medullaris, TD, tract of the diagonal band of 
Broca, TO, optic tract, ts, triangular septal nucleus, VI., lateral 

ventricle, V 111, third ventricule. 
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FIG. 3. IA) Sagittaf view, about I mm lateral to midline of a transec- 
tion of dorsal hippocampus in a hamster with the postoperative 
weight gain af 2.4 g/day. (B) Reconstruction of location and extent of 
histological damage in the same hamster. Numbers indicate in mm 
distance of the section from midline. Letters L (left) and R (right) 
indicate direction with respect to midline. Abbreviations as in Fig. 2. 

Broca, and the fornix at the point of the formation of the 
descending columns. 

The location and extent of brain damage in the HIPPO-cut 
hamster showing the greatest acceleration of growth (2.4 
g/day) is presented in Fig. 3. The cut transected the dorsal 
hippocampus and the overlying corpus callosum and cere- 
bral cortex approximately 1.5 mm pusterior to the hippocam- 
pal transition into fornix. In the control hamsters damage 
was confined to cerebral cortex, corpus cahosum, and, in 
some animals, to the dorsal aspect of the hippocampus. Lo- 
cation and extent of brain damage in the SH-hamster show- 
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FIG. 4. (A) Coronal view of the midpoint of a bilateral horizontal cut 
in a hamster with a postoperative weight gain of 2.5 g/day. (B) Re- 
construction of location and extent of histological damage in another 
hamster with comparable postoperative weight gain. Abbreviations 

as in Fig. 2. 
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ing greatest acceleration of growth (2.5 g/day) is shown in 
Fig. 4. The cut was located at the level of the anterior corn. 
missure and extended from the rostra1 end of the medial 
septal nucleus to the level of the anterior thalamus. SH cut> 
transected the vertical limb of the diagonal band of Broca, 
separated the septum from the preoptic and hypothalamic 
areas and interrupted the stria medullaris and the descend- 
ing columns of the fomix. SH cuts were often associated 
with distension of the third ventricle. 

Anterior to the septal lesion degeneration was seen along 
the midline, curving dorsolaterally toward the cingulum and 
across the corpus callosum (Fig. 5). Degenerating fibers 
were seen radiating from the cingulum bundle to the cingu- 
late and prefrontal cortex. Ventral to the lesion degeneration 
was seen along the midline and travelling ventrolaterally in 
the vertical limb of the diagonal band of Broca. Posterior to 
the lesion, degeneration was prominent in the hippocampal 
complex (fimbria, fornix, hippocampal fields CA,, CA,, CA,,, 
dorsal and ventral hippocampal commissures, and the de- 
scending columns of the fornix) in the medial cor- 
ticohypothalamic tract, stria medullaris, external capsule 
and the medial forebrain bundle. 

Anterior to the HIPPO cut degeneration was seen in the 
rostra1 medial septal nucleus, cingulum and cingulate cortex, 
corpus callosum, vertical limb of the diagonal band of Broca, 
throughout the hippocampal formation, in descending col- 
umns of the fornix and the medial corticohypothalamic tract, 
stria medullaris, external capsule, and the medial forebrain 
bundle. Posterior to the cut degeneration was seen in the 
anteromedial thalamic nucleus, ventromedial, arcuate, and 
premammillary nuclei, and the fasciculus retroflexus. 

At the anterior end of the SH cut degeneration was seen 
above and below the cut: dorsally, in the medial septum, 
cingulum, cingulate cortex, and corpus callosum; ventrally, 
in the vertical limb of the diagonal band of Broca and the 
medial forebrain bundle. 

At the rostro-caudal midpoint of the SH cut, degeneration 
was more prominent dorsal to the cut (in the fomix at the 
point of the formation of the descending columns, in the 
cingulum bundle and in corpus callosum), than ventral to the 
cut, where some degeneration was noted in the medial fore- 
brain bundle and the pyriform cortex. Degeneration was also 
seen in the medial corticohypothalamic tract. More 
posteriorly, degeneration above the cut involved medial and 
lateral habenulae, stria medullaris, fimbria, cingulum, an- 
teromedial thalamic nucleus, and corpus callosum. Below 
the cut, medial forebrain bundle, ventromedial hypothalamic 
nucleus, ventral tegmental area, and columns of the fornix 
showed degeneration. 

DISCUSSION 

Our objective was to delineate brain pathways which par- 
ticipate in tonic suppression of growth in adult hamsters. Our 
starting point was the observation that electrolytic destruc- 
tion of rostra1 medial septal nucleus in adult hamsters lead to 
a large acceleration of ponderal and skeletal growth, in- 
creased secretion of growth hormone and insulin, and deple- 
tion of growth hormone from the anterior pituitary. None of 
these changes are seen after septal lesions in hypophysec- 
tomized hamsters [7] suggesting that such lesions destroy 
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FIG. 5. The pattern of neuronal degeneration revealed by Fink-Heimer staining in represen- 
tative hamsters with a midline rostral septal lesion (left), unilateral HIPPO cut (middle), and 

unilateral SH cut (right). Abbreviations as in Fig. 2. 

neurons which maintain the slow rate of somatic growth in 
adult hamsters through their inhibitory influence over 
growth hormone secretion. 

In the present study we have extended the information 
about the growth-inhibitory neurocircuitry in adult hamsters 
in three ways. First, we have shown by means of the knife- 
cut analysis, that the growth-inhibitory function is not con- 
fined to the neurons in the rostromedial septal area, but is 
mediated by nerve fibers passing through the septal area. We 
show that the knife cuts placed in dorsal hippocampus 
(HIPPO cuts) which transect fibers interconnecting septal 
area and hippocampal formation [29,33, 34, 37,451 and cuts 
placed between septum and hypothalamus (SH cuts) are 
both effective in accelerating ponderal and skeletal growth in 
adult hamsters. Elsewhere, we also show that HIPPO [6] and 
SH cuts [lo] are also effective in increasing serum concen- 
trations of growth hormones and insulin. Such evidence 
suggests, but does not prove, that growth acceleration seen 
after lesion and the two knife cuts reflects damage to a com- 
mon growth-inhibiting fiber system which passes through the 
rostromedial septal area. Somewhat greater acceleration of 
growth in septal-lesioned hamsters than in HIPPO- and 
SH-cut animals, revealed by comparison of mean ponderal 

growth rates (Fig. 1) as well as of maximal growth rates 
attained by individual animals, suggests that septal area may 
serve not only as an area of transit for the growth-inhibitory 
fibers, but as an integrative center as well. 

Our second finding was that hippocampal formation 
serves as origin, destination, or relay for the growth- 
inhibitory fiber system in adult hamsters. Hippocampal in- 
volvement in the suppression of growth in adult hamsters 
was evident from the correspondence between the growth 
acceleration seen after the three neurosurgical procedures 
and the anatomical and neurochemical evidence of damage 
to hippocampal fiber systems. The knife cut analysis showed 
that transection of dorsal hippocampus, 1.5 mm posterior to 
hippocampal transition into fornix and far removed from sep- 
tal area, resulted in growth acceleration very similar to that 
seen after septal lesions. Degeneration staining showed evi- 
dence of damage to hippocampus and its efferent pathways, 
the descending columns of the fomix and the medial cor- 
ticohypothalamic tract, after all three growth-inducing 
neurosurgical procedures. Regional determinations of 
monoamine concentrations in hamster brain showed large 
and consistent depletions of the same two monoamines in the 
hippocampus after all three neurosurgical procedures. Such 
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consistent correspondence between the acceleration of 
growth and damage to neural fibers to or from the hippocam- 
pal formation is taken as evidence that hippocampal fibers OI 
fibers passing through hippocampal formation participate in 
tonic suppression of growth in adult hamsters. 

The third finding of this study implicates two specific 
monoamine pathways as the possible mediators of growth 
inhibition in adult hamsters. Neurosurgicaily-induced accei- 
eration of growth was associated with large and consistent 
depletions of hippocampal (and to lesser extent cerebral cor- 
tical) serotonin (Table 2) and norepinephrine (Table 3) and 
with no consistent changes in brain dopamine (Table 4). 
Since it is known that serotonergic fibers from nucleus raphe 
medianus [ 13, 27, 441 and dorsal noradrenergic fibers from 
locus coeruleus [ 1, 3, 24, 361 project selectively to hip- 
pocampal formation and cerebral cortex, and that depletions 
of these target tissues after direct lesions to serotonergic 1271 
and noradrenergic [l] pathways are of the same order of 
magnitude as those noted in the present study, we conclude 
that our neurosurgical procedures probably damage these 
fiber systems as they traverse hypothalamus (SH cuts), turn 
dorsally toward hippocampus (septai lesion) and approach 
target ceils in hippocampus (HIPPO cuts). Direct destruction 
of noradrenergic neurons in locus coeruleus and of 
serotonergic neurons in the nucleus raphe medianus will be 
necessary to determine unequivocally the involvement of 
these two fiber systems in the control of growth in adult 
hamsters. In addition, the possible jnvolvement of the 
cholinergic pathways in the tonic suppression of growth in 
adult hamsters should also be examined, because of the dose 
proximity of the cholinergic 125,421 and monoaminergic 
projections to hippocampus and cerebral cortex. 

Evidence generated in this study shows a close corre- 
spondence between the acceleration of growth in adult 
hamsters and damage to nerve fibers interconnecting brain 

stem and hippocamp~ formation and pas\ing through the 
rostromedial septum. This study, however. does not provide 
clear evidence for the identity of fibers that connect the 
above neurocircuitry with its endocrine effector. the anterior 
pituitary gland. We have observed degenerating neurons in 
the medial corticohypothalamic tract, which, according to 
some investigators [38] is ;I hippocampal and iimhic 
neuroendocrine effector pathway. Other possible ~u~tii- 
dates, suggested by data generated in the rat, are neurons 
impinging onto the suprachiasmatic nucleus 1461. anti 
somatostatinergic neurons interconnecting the periventricu- 
iar hypothalamic nucleus and the median eminence area 
[l&17]. These pathways have been impi~~ate~i in the 
neuroendoc~ne suppression of growth hormone secretion in 
the rat, and could, perhaps, participate in the suppression of 
somatic growth in this species as well as in the hamster. On 
the other hand, consideration of data obtained in the rat may 
not be valid in studies of the control of growth in adult 
hamsters because of the apparently great species dflerences 
in the neural circuits controlling growth. In the rat, neither 
septal lesions 1 11,481 nor hippocampal damage 147) facilitate 
growth hormone secretion and somatic growth, and electri- 
cal stimulation of hippocampal formation is associated with 
increased growth hormone secretion j28]. The only 
similarities between the two species are evidence that 
serotonin 1401 and a longitudinal fiber system interconneet- 
ing brainstem and telen~ephalon 1201 may mediate tonic sup- 
pression of growth in both. However, large sex differences in 
the body size, somatic growth ]43] and in the effectiveness of 
teiencephahc and mesencephaiic (19, 22. 391 knife cuts in 
accelerating growth in adult rats, and absence of these ob- 
stacles in adult hamsters, make hamster the species of choice 
in studies analyzing neuroendocrine controls of growth in 
adult mammals. 
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