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The Effects of Sustained Release Growth Hormone
in the Repair of Neurological Deficits in Rats with
the Spinal Cord Injury

Min Su Kim, M.D., Jung Heo, M.D.,
Yong Seok Kwon, M.D., Keun Cheol Lee, M.D.,
Seok Kwun Kim, M.D.

Department of Plastic and Reconstructive Surgery, College of
Medicine, Dong-A University, Busan, Korea

Purpose: Due to increasing interest in the treatment
of spinal cord injuries, many histopathological studies
have been conducted to prove that many neurotrophic
factors including growth hormone are important for
regeneration of the injured spinal cord. Growth hormone
has to be given everyday, however, and this negatively
affects compliance in clinical trials. Recently, the
invention of sustained release growth hormone (SRGH)
that can be given just once a week may both help the
regeneration of injured spinal cord and, at the same
time, be more compliant and convenient for clinical
patients.

Methods: In this study, thirty 7-week-old female
Spraque-Dawley rats were subjected to a weight-driven
impact spinal cord injury. They were divided into 3
groups and Group | and Il were injected with SRGH
once a week for 4 weeks; Group | were injected into the
injured spinal cord area, while Group Il were injected
into the peritoneal cavity. Meanwhile, Group Il were
injected with normal saline solution. The functional out-
come was evaluated using the Basso-Beattie-Bresnahan
motor rating score and the inclined plane test was done
4 weeks after the first injection. Histopathological
examination was performed at the same time and the
amount of residual white matter was measured in all
groups.

Results: After 4 weeks, Groups | and Il showed
greater improvement than Group lli(the control group) in
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the functional test. In the control group, invasion of
atypical phagocytes, axonal degeneration, edema and
cavity formation in the posterior site of spinal cord gray
matter was observed in histopatholgical examination.
The rate of residual white matter in Group Il was less
than in the other groups.

Conclusion: Data showed significant functional and
histopathological improvement in the groups treated with
SRGH into the spinal and peritoneal cavity compared
with the control group. SRGH is therefore beneficial
because it helps with regeneration of the injured spinal
cord and improves the compliance and convenience of
patients.

Key Words: Sustained release growth hormone, Spinal cord
injury
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A ua d0nlelE e FRAAES Adea 45
A fgA R AEALS R £44Ee ¥
Fohe 94 F NG 75 89 HER 0§
%|+= Basso-Beattie-Bresnahan(BBB) locomotor rating

scale* ©]&-3}o] &4 5 14| BBB locomotor score”}

(

gk & 2] 18+38] %] Vol. 35, No. 3, 2008
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HrE FYE T(CT, n=10)0.2 FOAT
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o g o H| 2 (Diethyl ether)& ©]|-&3d}]
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AR E A7)l MAE BRI 53 el &
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W golom £%F F HFo AFAS wel nvE
Ak, A F9 2SS B 4@ g A 8, 9
WA S5 SRlsta FdAlESs Aldste] Fuel
A% AR FFE = A THFg. 1). WA E AT
2 274 (impactor, NYU Spinal cord dropping

device, USA)Z §71 el AR 4ot 4% F5
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AAT 4 QA=
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o =
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74 3.0mm, 7] 10 g1 =S AR 5, T4 =h
& "ol HeERS FEshlthFig. 2). °o1F F=
o s wHT F ARl gentamycin sulfate

Fig. 1. Laminectomy was performed at T8-T9 level under
ketamine HCI anesthesia with intact dura.
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Fig. 2. The impact rod of the NYU Impactor was centered above T9 and dropped from a height of 25 mm to induce a

consistent partial, incomplete spinal cord injury.
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Table I. Basso, Beattie, and Bresnahan Locomotor Rating Scale

No observable hindlimb(HL) movement

Extensive movement of two joints
Slight movement of all three joints of the HL

Extensive movement of all three joints of the HL

O 0 N3 O U = W INRPR O

Slight movement of one or two joints, usually the hip and/or knee
Extensive movement of one joint or extensive movement of one joint and slight movement of one other joint

Slight movement of two joints and extensive movement of the third
Extensive movement of two joints and slight movement of the third

Sweeping with no weight support or plantar placement of the paw with no weight support
plantar placement of the paw with weight support in stance only(i.e.,, when stationary) or occasional, frequent,

or consistent weight-supported dorsal stepping and no plantar stepping

10  Occasional weight-supported plantar steps; no FL-HL coordination

11 Frequent to consistent weight-supported plantar steps and no FL-HL coordination

12 Frequent to consistent weight-supported plantar steps and occasional FL-HL coordination

13 Frequent to consistent weight-supported plantar steps and frequent FL-HL coordination

14 Consistent weight-supported plantar steps, Consistent FL-HL coordination, and predominant paw position during
locomotion is rotated(internally or externally) when it makes initial contact with the surface as well as just before
it is lifted off at the end of stance; or frequent plantar stepping, consistent FL-HL coordination, and occasional

dorsal stepping

15 Consistent plantar stepping and consistent FL-HL coordination and no toe clearance or occasional toe clearance
during forward limb advancement; predominant paw position is parallel to the body at initial contact

16  Consistent plantar stepping and consistent FL-HL coordination during gait and toe clearance occurs frequently
during forward limb advancement; predominant paw position is parallel at initial contact and rotated at lift off

17  Consistent plantar stepping and consistent FL-HL coordination during gait and toe clearance occurs frequently
during forward limb advancement; predominate paw position is parallel at initial contact and lift off

18 Consistent plantar stepping and consistent FL-HL coordination during gait and toe clearance occurs consistently
during forward limb advancement; predominant paw position is parallel at initial contact and rotated at lift off

19 Consistent plantar stepping and consistent FL-HL coordination during gait, toe clearance occurs frequently
during forward limb advancement; predominant paw position is parallel at initial contact and lift off, and tail

is down part or all of the time

20 Consistent plantar stepping and consistent coordinated gait, consistent toe clearance, predominant paw position
is parallel at initial contact and lift off, and trunk instability; tail consistently up

21 Consistent plantar stepping and consistent coordinated gait, consistent toe clearance, predominant paw position
is parallel throughout stance, and consistent trunk stability; tail consistently up

stal HAAS =F3AX v FAE o83 Al
A A B 4% EFE S LYste] = 30 mLE WA
A Addses AT, Hed TARE 2T
g8t 2eme] A2 A&kl FHE FAD F UEF
10% E=Eelel] Yar 48413 Fet A4S 5 b d
HE AlZ3te] hematoxylin-eosin(H-E) 4 ¥} 2173
215 WE38H7] 213 luxol fast blue 345 Al &)t &
sndow wFsieln. duASA BES Sl6l
b Aol M 40mfE = Qlshe A dHe] Fekdn
7 AHKE 27193 5 Image-pro® Plus(Version 4.0,
Media Cybermetics, L. P.) Z213& o] &3] A5
Fedel sl &G 2 o] M) njEs T

s,

A

j=

A5 2 T Ux £ &91 2575
HuH &
h

o T for ol
Xt g 32

W &k 554 24 Bl tidk ko] 3]l o
o] A 412 paired t-test= 7153313l F7
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Table II. Comparison of Functional Improvement with BBB Scores and Inclined Angle in All Groups

BBB scores

Time after injury

Group A Group B Group C
week 1 6.2+£0.82 6.0+0.78 6.1£0.72
week 5 13.2 £0.69* 131+056" 10.7 £0.67

Inclined angle(degree)

Time after injury

Group A Group B Group C
week 1 511221 499234 50.6 +2.54
week 5 64.7 £2.41* 635+256" 59.3 £2.56

Values are meantstandard deviation

BBB: Basso-Beattie-Bresnahan locomotor rating scale, Group A: SRGH infusion into spinal cavity, Group B: SRGH infusion into peritoneal

cavity, Group C: Normal saline infusion into peritoneal cavity.
*: comparison between Group A and C, p<0.05,
Group B and C, p<0.05.

: comparison between.

Table III. Comparison of Percentage of Cross-sectional Area of Residual/Total Spinal Cord after Spinal Cord Contusion

in SRGH and Control Groups

Percentage of cross-sectional area of residual/total spinal card(%)

Time after injury

Graup A

Graup B Graup C

week 5 72.1+£2.7*%

720+257 674+27

Values are mean + standard deviation.

Group A: SRGH infusion into spinal cavity, Group B: SRGH infusion into peritoneal cavity, Group C: Normal saline infusion into

peritoneal cavity.

*: comparison between Group A and C, p<0.05, T, comparison between.

Group B and C, p<0.05.0
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Fig. 3. Photomicrographs of cross-sectional area of spinal cord in all groups (hematoxylin and eosin stain, luxol fast blue
stain, original magnification, x40). (Left) SRGH group at post-infusion 4 weeks into spinal cavity group; it shows minimal
infiltration of atypical phagocytes. (Center) SRGH group at post-infusion 4 weeks into peritoneal cavity group; it shows
minimal infiltration of atypical phagocytes. (Right) Control group; The remaining gray matter exhibited reduction in neuronal
cell body. The remaining white matter was shown contained numerous microcysts.
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