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Abstract

Aim: To evaluate the safety of the long term vas occlusion with styrene maleic anhydride (SMA) and its non-invasive
reversal at the level of accessory reproductive glands (ARGS) in langurs. M ethods; The morphology of seminal
vesicle and ventral prostate was evaluated by light as well as transmission electron microscopy. Serum clinical
chemistry and urine albumin were evaluated in an autoanalyzer using reagent kits. Fructose, acid phosphatase and
zinc in the seminal plasma were evaluated spectrophotometrically according to the WHO manual. Serum testosterone,
prostate specific antigen and sperm antibodies were evaluated by enzyme-linked immunosorbent assays (ELISA)
using reagent kits and hematology was estimated according to standard procedures. Results: The morphological
features and secretory activity of the seminal vesicle and prostate were normal as evidenced by the presence of well-
devel oped mitochondria, rough endoplasmic reticulum, Golgi bodies, secretory granules and normal nuclear charac-
teristics throughout the course of investigation. Serum testosterone and prostate specific antigen remained unaltered
and serum antisperm antibodies level presented negative titres. Urine albumin was nil. Total red blood corpuscles
(RBC), white blood corpuscles (WBC), hemoglobin (Hb) and red cell indices, serum protein, glucose, cholesteral,
creatinine, creatine kinase (CK), serum glutamate oxalate transaminase (SGOT), serum glutamate pyruvate transami-
nase (SGPT), lactate dehydrogenase (LDH), bilirubin, urea, triglycerides and high-density lipoprotein (HDL) did not
show appreciable changes following vas occlusion and after its non-invasive reversal. Although fructose, acid phos-
phatase (ACP) and zinc in the seminal plasma showed a significant reduction following vas occlusion, it could not be
related to the morphology of seminal vesicle and prostate. Conclusion: SMA vas occlusion and its non-invasive
reversal do not damage the accessory reproductive organs. (Asian J Androl 2005 Jun; 7: 195-204)
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1 Introduction accessory reproductive glands, especially the seminal

vesicle and the prostate, are often being neglected [1].

In vas-based contraceptive methods, the status of

Correspondenceto: Prof. N. K. Lohiya, Ph.D., Reproductive Physi-

ology Section, Department of Zoology, University of Rajasthan,
Jaipur — 302 004, India.

Tel/Fax: +91-141-270-1809

E-mail: lohiyank@hotmail.com

Received 2004-06-08  Accepted 2004-11-15

Because almost all the vas-based contraceptives currently
ontrial are keeping reversal in mind, greater attention
needs to be focused on the accessory organs distal to the
site of vas manipulation. Intravasal injectable contracep-
tive using styrene maleic anhydride (SMA) is a recent
devel opment among vas-based contraceptives, has com-
pleted Phase | and Phase Il Clinical Trials[2, 3] anditis
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currently under Phase Ill Clinical Trial [4]. SMA isa
combination of two monomers, the styrene and maleic
anhydride in 1:2 ratio, has a well-established pH-lower-
ing effect in the internal milieu of the vas, and has the
positive charge which disturbs the negative charge of
the plasma membrane of the spermatozoa that pass
through the vas lumen [5]. The procedure has several
advantages than any other vas-based contraceptives in
that it is non-sclerotic [5], offersinstant sterility [6] and
could be administered by non-invasive no-scalpel injec-
tion[3]. Inlangurs, reversal of short term vas occlusion
with SMA through a non-invasive procedure, involving
pal pation, percutaneous electrical stimulation, forced vi-
bratory movements, suprapubic percussion in the vas
segment and per rectal digital massage in the ampulla of
thevas [7], and the feasibility of repeated vas occlusion
and non-invasive reversal, have been successfully dem-
onstrated [8].

Studies on the long-term sequel of vas occlusion with
SMA and its reversal at the level of spermatogenesis,
sperm maturation, sperm antibodies, status of accessory
reproductive glands (ARGs) and serum hormones, are
currently in progressin langurs (Presbytis entellus entellus
Dufresne), as several of these issues are more difficult
to study in humans because of ethical reasons. The long-
term sequel of SMA vas occlusion for 540 days at the
level of spermatogenesis has already been reported [9].
In the present investigation, the long-term safety of the
SMA vas occlusion at the level of morphological status
of accessory reproductive glands, seminal plasma
biochemistry, serum hormones and sperm antibodies,
urine abumin, routine hematology and serum clinical bio-
chemistry up to 540 days of vas occlusion, and 150 days
of non-invasive reversal, has been reported.

2 Materials and methods

2.1 Animals

Adult male langurs, 6-7-year-old, as identified by
muscul ature, sexual skin in the rump and dentition [10]
and weighing 12-15 kg were used in the present
investigation. They are non-seasonal breeders and show
closer association to humans in reproductive exocrine
and endocrine profiles [11]. The animals were trapped
in and around Jaipur and kept in quarantine for a period
of 3 months in individual metallic cages and fed with
seasonal vegetables, fruits and wheat cakes; water was
provided ad libitum. The health and reproductive status
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of the animals was assessed through routine semen
analysis, hematology and clinical chemistry and only
healthy animals were used in the present investigations.
The experiments were conducted in accordance with the
‘Guidelines for Care and Use of Animals in Scientific
Research, Indian National Science Academy, New Delhi,
2000’ and the entire protocol has the approval of Institu-
tional Ethical Committee, University of Rajasthan, Jaipur,
India.

2.2 Pretreatment sampling

Prior to vas occlusion, at least three pretreatment
semen samples were collected by penile electro-stimula-
tion for semen biochemistry, and blood samples were
collected through saphenous veins for hematol ogy, se-
rum clinical biochemistry, serum testosterone, sperm
antibodies and prostate specific antigen.

2.3 Surgical procedures
2.3.1 Vas occlusion

Ten animals were injected with 60 mg of SMA dis-
solved in 120 pL dimethylsulfoxide (DM SO) into the [u-
men of each vas deferens, exposed closer to the external
inguinal segment, under sodium thiopentone anesthesia
(20 mg/kg, i.v.) with the flow directed towards the am-
pulla avoiding retrograde flow. Three animals served as
the sham operated vehicle treated (120 uL DM SO)
control. Postoperative care was provided with antibiotic
and anti-inflammatory drugs and al the animals had un-
eventful postoperative recovery [7].

2.3.2 Non-invasive reversal

Non-invasive reversal procedure was performed in
seven of the ten vas occluded animals under anesthesia
after 540 days of vas occlusion. The technique, carried
out in progressive course from the scrotal to inguinal
canal, aimed to propel the SMA from the vas deferens to
the gaculatory duct. It involved palpation, percutaneous
squeezing of the vas deferens at the scrotal and inguinal
segments, electrical stimulation (40 V) and vibration
through a specially designed vibrator at the external in-
guinal segment, supra-pubic percussion with rubber ham-
mer and per-rectal digital massage to the ampullary seg-
ment of the vas deferens in successive steps. The pro-
cedures were repeated three to four times and the entire
operation took 15-20 minutes [7]. The animals did not
show any sign of discomfort after the reversal procedure.
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2.4 Seminal plasma biochemistry

Seminal plasma, free of spermatozoa and obtained
by centrifugation, was used for the monthly estimation
of fructose, acid phosphatase (ACP) and zinc up to
540 days of vas occlusion and 150 days of reversal.
Fructose and ACP were estimated according to the WHO
manual [12]. Zinc was estimated calorimetrically using
areagent kit (Wako Pure Chemical Industries Ltd., Japan).

2.5 Hematology

Total red blood corpuscles (RBC), white blood cor-
puscles (WBC), hemoglobin (Hb), red cdll indices viz.,
packed cell volume (PCV), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) and mean
corpuscular hemoglobin concentration (MCHC) were
calculated monthly following vas occlusion for 540 days
and its non-invasive reversal for 150 days [13-15].

2.6 Serum clinical biochemistry

Serum protein, glucose, cholesterol, creatinine, cre-
atine kinase (CK), serum glutamate oxal ate transaminase
(SGOT), serum glutamate pyruvate transaminase
(SGPT), lactate dehydrogenase (LDH), bilirubin, urea,
triglycerides and high-density lipoprotein (HDL) were
estimated colorimetrically monthly up to 540 days of vas
occlusion and 150 days of reversal using reagent kits
(Transasia Biomedicals Ltd., Mumbai, India).

2.7 Testosterone, ASA and PSA levels

Serum testosterone (EIA Kit: Biochem Immuno
Systems, Italy), prostate specific antigen (EIA Kit:
Quadratech Diagnostics Ltd., UK) and sperm antibodies
(ELISA Kit: Bioserv AG, Germany) were assayed peri-
odically up to 540 days of vas occlusion and after 150
days of reversal.

2.8 Urineanalysis

Urine samples were collected quarterly in sterile vi-
alsfor estimation of albumin to identify if vas occlusion
with SMA had any effect on albuminuria (Prof. S. K.
Guha, personal communication).

2.9 Morphology of accessory reproductive glands (ARGS)

The seminal vesicle and prostate samples were ob-
tained under sodium thiopentone anesthesia after 540 days
of vas occlusion and 150 days of reversal.

3 Results

3.1 Morphology of ARGs
3.1.1 Seminal vesicle
3.1.1.1 Histology

The seminal vesicle of the control animals consisted
of cuboidal epithelium throwninto crypts. The epithelial
mucosa was surrounded by longitudinal muscle layers.
Adjacent to the muscular layer, the epithelial crypts be-
came deeper and formed smaller follicles. The crypts
were elongated and showed deep indentations. The lu-
men contained eosinated secretory material. The peripherd
region was made up of smaller compartments and |ooked
like a tubular lumen surrounded by cryptic epithelium.
The epithdial cels contained centrally placed nucleus and
granular cytoplasm (Figure 1). Vas occlusion with SMA
for 540 days and its non-invasive reversal for 150 days
did not show appreciable changes in the histology of
seminal vesicle (Figure 2).

3.1.1.2 Ultrastructure

Vas occlusion for 540 days or following 150 days of
its reversal did not show appreciable changesin the ul-
trastructure of the seminal vesicle compared to that of
the control animals. The nuclei were round or oval with
a double membranous structure with patchy chromatin
material and occasional nucleolus. The cytoplasm was
occupied with cellular organelles characteristic of secre-
tory functionsincluding well-defined mitochondria, Golgi
bodies, rough endoplasmic reticulum and secretory gran-
ules (Figures 3 and 4).

3.1.2 Prostate
3.1.2.1 Histology

The prostate of the controls was made up of sev-
eral lobules, each consisting of the typical prostatic fol-
liclewith a definite lumen. Each lobulewas occupied by
asinglelarge follicle or three or more smaller fallicles.
Interlobular region was occupied with connective tissue.
The epithelial cells were tall columnar containing the
nucleus placed at the base or centre of the cells. The
cytoplasm appeared granular and the lumen was filled
with secretory material (Figure 5).

There were no appreciable changes observed in the
histology of prostate following 540 days of vas occlu-
sion or after 150 days of non-invasive reversal (Figure
6).
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Figure 1. Hlstology of semina veﬂcle of control anlmals showing
the cuboida epithelium arranged in crypts. Additiondly, few fol-
licles (F) are evident in the basal region. The epithelium is sur-
rounded by alongitudinal muscle layer (x100). MU, muscle layer.
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Fagure 2. Histology of seminal vesicle following 540 days of vas
occlusion with styrene maleic anhydride (SMA). Note that the
epithelial festures are similar to that of controls (x100). LU, lumen.

Fgure 3. Ultrastructure of semmal veﬂclefollowmg 540 days of
vas occlusion with SMA. The nucleus (N) shows adistinct nuclear
membrane and patchy chromatin material. A single nucleolus (NU)
is also present in the nucleoplasm. The cytoplasm is rich with
secretory granules (SG) and rough endoplasmic reticulum (RER)
(x5600).

3.1.2.2 Ultrastructure

Following 540 days of vas occlusion, there were no
appreciable changes observed in the secretory activity
of the prostatic cells compared to that of control animals.
Few of the cells depicted vacuolized mitochondria and
electron transparent vesicles; Golgi bodies and stacks of
endoplasmic reticulum were prominent. Free ribosomes
and secretory granules were scattered throughout the

-198-

Figure 4. Ultrastructure of seminal vesicle after 150 days of non-
invasive reversa showing the supra nuclear region. The cytoplasm
contains secretory granules (SG), lysosomes (LY) and multi-ve-
sicular bodies (MVB) (x5600).

cytoplasm. The nuclei were generally oval, however,
and in afew of the cells the nuclei showed an irregular
pattern (Figure 7).

After 150 days of reversal, the ultrastructural fea-
tures represented the typical cells with an oval nucleus
and well-developed cytoplasmic organelles (Figure 8).

3.2 Seminal plasma biochemistry
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Figure 5. Histology of prostate of control animals. Prostate is
made up of several lobules containing typical prostatic follicles (F)
with definite lumen. Connective tissues (C) occupied the entire
lobular region. Epithelium istall columnar and cryptic (x100).

Figure 7. Ultrastructure of prostate following 540 days of vas
occlusion with SMA showing vesicular cytoplasm. Secretory gran-
ules (SG) however appear prominent. Golgi bodies and rough
endoplasmic reticulum are well-defined (x5600).

The fructose, ACP and zinc in the seminal plasma
showed a gradual significant reduction (P < 0.05 to P
< 0.001) beginning 30-90 days of vas occlusion that
continued until after 540 days of the vas occlusion period.
Non-invasive reversal resulted in the recovery to pre-
treatment val ues after 150 days (Figure 9).

3.3 Hematology

Figure 6. Histology of prostate following 540 days of vas occlu-
sion with SMA. Note that histological features are similar to that
of controls (x100).

Figure 8. Ultrastructure of the prostate after 150 days of non-
invasive reversal showing well-developed nucleus (N) with dis-
tinct nuclear membrane (NM) and patchy chromatin material.
Cytoplasm adjacent to nucleusis characterized by secretory gran-
ules (SG) and coated vesicles (CV). Plasmamembrane (P) shows
irregular patterning (x7200).

Total RBC, WBC, Hb, PCV, MCV, MCH and MCHC
did not show appreciable changes following vas occlu-
sion up to 540 days and 150 days of non-invasive rever-
sal (Table1).

3.4 Clinical biochemistry

The serumlevels of total protein, glucose, cholesterdl,
creatinine, SGPT, SGOT, LDH, CK, bilirubin, urea, TGL,
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HDL and LDH following vas occlusion up to 540 days, 3.5 Testosterone, ASA and PSA levels

and after its non-invasive reversal up to 150 days, did The serum testosterone, ASA and PSA levels follow-
not show appreciable changes, although showed minor ing 150, 300, 450 and 540 days of vas occlusion and
fluctuations (Table 2). after its non-invasive reversal, did not show appreciable
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Figure9. Semen biochemistry of langur monkeys prior to and following vas occlusion with SMA (n=10) and after its non-invasive reversal
(n=10). PT, pretreatment SG. P < 0.05, °P < 0.01, compared with PT.
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Table 1. Haematological parameters of langur monkeys prior to and following vas occlusion with SMA and after its non-invasive reversal.

Treatment Parameters
Schedule RBC WBC Hemoglobin PCV MCV MCH MCHC
(10%/mm?) (10°/mm?) (g/dL) (%) (um?) (Wpg) (%)
Pretreatment* 52+1.2 123+09 122+0.1 409+1.6 720+ 2.6 22.1+0.6 33.8+0.3
Treatment*
30 days 54+02 11.5+04 121+0.2 41.0+£1.0 71.8+28 23.0+£0.6 322+0.9
60 days 55+0.1 11.8+04 124+04 40.1+1.3 73.3+34 225+0.8 31.3+1.6
90 days 52+02 126+ 0.3 11.9+0.3 38711 74.1+ 3.0 22.7+0.6 31.3+1.3
120 days 52+0.1 124+0.3 12.0+0.3 39.1+1.0 75.1+22 23.0+04 306+21
150 days 51+£02 11.9+0.0 123+04 403+1.6 79.0+ 3.2 241+1.3 305+23
180 days 50+£0.2 123+0.1 11.8+0.2 402+14 80.4+4.4 23.6+0.9 293+28
210 days 52+02 115+0.1 11.9+0.2 394+17 75.7+3.7 228+ 0.9 302+29
240 days 51+£02 11.7+0.0 121+04 38.1+0.7 747+ 4.2 23720 31.7+1.2
270 days 53+0.3 11.8+0.2 123+04 40.8+0.9 76.9+ 3.8 232+23 30.1+£20
300 days 51+02 124+0.2 120+ 04 39.7+0.1 778+ 3.0 235+1.8 30.2+2.6
330 days 49+0.1 121+0.2 11.7+0.2 405+0.6 82.6+ 6.0 23.8+1.9 28.8+4.0
360 days 51+0.1 122+0.3 115+0.2 41.3+16 80.9+4.8 225+0.8 278+4.1
390 days 52+03 11.9+05 11.8+0.3 40.1+25 77.1+45 226+1.9 294 +27
420 days 53+0.3 115+ 05 120+ 04 39.6+22 747+ 4.6 226+1.0 303+27
450 days 54+04 11.2+05 122+0.2 389+25 72.0+5.0 225+ 0.6 31.3+21
480 days 50+£0.3 11.6+0.3 121+0.2 38.1+1.1 762+ 2.3 242+1.8 31717
510 days 49+0.2 11.8+04 11.9+0.2 39.1+14 79.7+3.8 242+ 20 30424
540 days 51+0.1 11.4+0.3 123+0.1 38.7+1.6 758+ 15 241+16 31.7+13
Reversal*
0 days 49+0.2 11.9+02 11.8+04 39.2+15 80.0+4.4 240+15 30.1+£26
10 days 52+04 123+0.1 120+ 04 406+1.3 780+ 2.6 23.0+0.8 295+ 26
20 days 53+0.2 120+0.2 11.6+0.3 393+14 68.9+ 3.3 21.8+05 295+ 3.0
30 days 51+0.3 124+ 0.6 11.7+0.3 395+21 774+ 35 229+0.8 298+ 2.6
60 days 50+0.2 11.7+05 120+ 04 382122 76.4+ 3.9 240+14 315+14
90 days 54+0.1 11.8+04 122+0.2 416+0.9 771124 226+04 30.0+0.6
120 days 52+02 11.9+04 11.8+0.2 39.7+16 76.1+ 3.3 22.7+05 298+14
150 days 50+£02 122+0.2 120+0.2 389+15 76.7+3.1 234+1.0 29.1+14

* - Vaues are SEM of 10 animals; # - Values are SEM of 7 animals

changes. ASA levelsremained in a negative range through-
out the study period (normal values 0—60 U/mL) (Table
3).

3.6 Urineanalysis

Urine albumen that was analyzed quarterly during
pre-treatment, following vas occlusion up to 540 days
of the study period and after its non-invasive reversal up
to 150 days, remained as a trace or nil, and thus revealed
negative albuminuria throughout the study period.

4 Discussion

In traditional vasectomy, the long term health conse-
guences have been of great concern to the general public
and to health workers. Currently, vas occlusion with
SMA has been proven to be the one that meets all the
essential criteria of a male contraceptive [1, 16]. Pre-
liminary studiesin langurs suggested instant oligoastheno-
teratozoospermia and subsequent uniform azoospermia
up to 540 days [6, 9]. Instant azoospermia reversal on
the same day of reversal manipulation, and
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Table 2. Serum clinical biochemistry of langur monkeys prior to and following vas occlusion with SMA and after its non-invasive reversal.

Treatment Parameters
Schedule Protein Glucose Cholesterol Creatinine SGPT SGOT
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (IU/L) (IU/L)
Pretreatment* 6.2+0.2 102.7+£ 3.7 170.0+£ 3.6 24+02 32+02 32+03
Treatment (days)*
30 6.3+0.1 1029+ 15 1715+ 3.8 23+0.1 3.2+00 30+£0.1
60 6.2+0.1 1014+12 1727+ 3.2 22+0.1 32+01 31+01
90 6.0£0.1 1002+ 1.1 173.2+ 3.8 22+0.1 31+00 30+£0.1
120 59+0.1 98.6+ 1.0 1704+ 3.9 22+0.1 31+01 28+0.1
150 58+0.1 98.4+0.9 1623+ 4.1 21+0.1 29+0.1 29+0.1
180 57+02 994 +1.0 169.6 £ 4.7 20+£0.2 30+£0.1 30+£0.1
210 58+0.2 100.2+0.4 165.6 £ 4.8 23+0.0 32+02 32+01
240 59+0.2 99.0+21 162.0+£ 3.2 21+0.1 31+03 32+02
270 6.0+ 0.1 103.0£1.0 170.1+£ 3.3 22+0.1 29103 31+01
300 6.1+0.1 995+0.9 1635+ 3.8 21+0.1 28+0.2 29+0.1
330 6.3+0.3 96.8+ 1.0 169.8+ 3.3 20+0.1 28+0.2 28+0.1
360 6.2+0.2 107.0£0.9 1676+ 2.0 20+0.1 29+0.1 30+£0.1
390 57+02 985+ 3.7 167.2+8.9 22+0.1 27+03 3.0+£02
420 57+02 96.4+ 4.8 168.6 £ 9.0 21+0.1 28+0.3 29102
450 59+0.3 102.7+ 4.6 173.2+7.8 23+0.0 3.0+£02 27+02
480 58+0.2 97.3+4.2 1716+ 6.4 24+0.1 31+02 31+01
510 6.1+0.2 96.7+2.2 1748+ 4.2 22+00 29104 27104
540 58+0.2 953+3.2 1705+ 3.2 22+0.1 28+0.2 29+0.1
Reversa (days)#
0 6.2+0.2 98.7+1.1 1714+0.1 24+0.1 27+03 27+£04
10 59+0.2 100.3+2.2 1742+ 3.0 21+01 29+03 28+ 04
20 58+0.1 988+ 1.3 176.8+ 2.8 23+00 30+£0.1 29+0.2
30 6.2+0.2 908+ 4.8 177.1+£7.9 22+01 32+01 30+£02
60 6.3+0.2 102.0+ 4.8 1792+ 7.7 23+0.1 30+£02 31+£02
90 6.5+0.1 1039+ 26 1739+ 1.0 24+02 32+01 32+01
120 6.3+0.1 100.1+1.6 1555+ 84 25+02 31+01 31+01
150 6.3+0.2 90.1+1.7 1654+ 45 24+0.1 29102 32+02

* - Vaues are SEM of 10 animals; # - Values are SEM of 7 animals

normozoospermiawithin 3-5 gjaculations, were also well
established [7, 8]. Inthe present investigation, we have
attempted to eucidate the structural details of the semi-
nal vesicle and prostate in langurs following 540 days of
vas occlusion with SMA and 150 days of non-invasive
reversal at thelevel of histology and ultrastructure along
with the seminal plasma markers of these organs, so as
to establish the safety of the procedure at the level of
ARGs and also to eliminate the associated risks that have
arisen in vasectomy, amidst controversies [17] that the
procedure could lead to prostatic carcinoma or other
disorders.
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(To be continued)

The structural details as obtained in the present in-
vestigation indicated that there is no associated risk of
the procedure with that of the malfunction of the ARGs,
particularly in relation to prostate. The morphol ogical
features of seminal vesicle and prostate presented nor-
mal secretory activity even after 540 days of vas occlu-
sion [18]. The unaltered levels of serum testosterone
and PSA in the present investigation further confirm this
theory. However, the reasons for the decline in fructose,
ACP and zinc in the seminal plasma remain unknown,
but they could not be related to the functional status of
ARGs as the serum testosterone, PSA and ultrastruc-
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Treatment Parameters
Schedule LDH CK Bilirubin Urea TGL HDL LDL
(/L) (IUL) (IUL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Pretreatment* 318+24 53.2+39 252+1.9 43.1+15 1514+£55 102.0+27 50147
Treatment (days)*
30 29.8+0.5 53.1+1.0 23.7+0.8 408+ 1.1 160.1+ 1.7 995+10 500x47
60 29.8+0.5 51.7+1.0 240+1.1 420+£0.9 1549+5.0 98.1+£04 49.7+32
90 30.2+0.7 498+ 1.2 226+1.1 41.3+15 1616+ 45 976+08 512+34
120 30.6+0.5 490+16 21.8+0.9 403+ 15 1624+ 4.8 97.1+10 489142
150 29.3+0.7 490+15 233+1.7 424 +23 153.2+9.2 978+12 463%5.0
180 29.4+04 485+19 21.0+16 393+23 168.6+10.7 969+15 412%6.1
210 29.2+0.6 497+22 25.0+0.8 418+19 1419+ 8.6 974+28 375164
240 28.6+1.7 49.0+29 24.1+3.2 396+1.2 150.1+ 8.6 965+26 41.1+50
270 283+1.8 51.2+34 236+15 385+25 156.6+105 96.0+x28 47.7+58
300 29.0+1.2 49.1+3.0 215+18 39.1+19 1649+ 8.9 984+38 447x77
330 29.6+1.0 495+16 24.0+0.3 406+ 1.7 168.2+9.5 954+56 49.6+85
360 30.0+1.0 508+21 253+0.9 429+ 17 165.0+£ 8.2 96.3+55 527148
390 31.2+1.0 492+ 3.3 23.7+0.6 421+1.0 160.6 £ 3.2 98.3+26 509x05
420 29.2+1.0 48.7+3.1 22.8+0.8 394+19 163.0+ 4.3 999+18 488+0.6
450 30.8+0.9 50.6+35 223+ 05 38.7+1.8 1616+ 4.7 98.1+19 449+05
480 29.1+1.2 49.1+18 23.1+0.8 39.1+20 160.1+£5.7 979125 467x12
510 285+1.0 473+15 246+1.3 403+1.3 1646+7.2 96.1+46 469x11
540 30.1+1.6 469+ 16 257+1.2 419+1.2 169.9+100 953+6.0 47112
Reversal (days)#
0 273+15 497+1.0 245+ 22 40.1+1.7 161.7+3.2 975128 473x16
10 27.7+1.7 475+ 1.7 231+16 39.7+22 1645+7.1 99.7+21 515+24
20 280+1.1 486124 229+1.2 39.8+25 1593+ 14 97.3+13 453127
30 28.0+1.3 506+ 2.2 216+1.1 385+28 1544+ 4.0 959+28 462+10
60 29.6+0.7 493+19 22.0+1.0 406+ 2.0 151.1+28 965+£33 490+12
90 30404 515+ 0.9 232+ 0.6 410+1.1 1509+ 1.0 988+12 485+25
120 270+ 20 509+ 1.6 248+ 0.9 395+18 1488+18 1004+13 485%+32
150 280+22 496+ 26 236+1.2 39.7+23 1469+ 1.6 908+17 498+1.1

* - Vaues are SEM of 10 animals; # - Values are SEM of 7 animals

tural study indicated no drastic changes in the secretory
activity of the seminal vesicle and prostate. Although it
has been well-established that the langurs lack seasonal-
ity in their reproductive and breeding pattern, variation in
semen volume during different seasons, has also been
reported [11]. Thus, therole of variable climatic condi-
tionsin bringing out fluctuations in the biochemical com-
position of seminal plasma cannot be ruled out. Clinical
safety evaluation of the RBC, WBC, Hb and red cell indi-
ces and serum protein, glucose, cholesterol, creatinine,

CK, SGOT, SGPT, LDH, bilirubin, urea, triglycerides
and HDL suggested unaltered physiological/metabolic
activity. The presence of albuminuria, as questioned in
the Phase Il Clinical Trial (Prof. S. K. Guha, Personal
Communication) was not observed in the present
investigation. The negative titres of sperm antibodiesis
more favorable for the functional success of the reversal
of the procedure. It is concluded that SMA vas occlu-
sion and its non-invasive reversal do not damage the ac-
cessory reproductive organs.

-203



Safety evaluation of styrene maleic anhydride

Table 3. Serum Testosterone, ASA and PSA levelsin langur mon-
keys prior to and following vas occlusion with SMA and after its
non-invasive reversal.

Treatment Paramaters

Schedule Testosterone ASA PSA
(ng/mL) (U/mL) (U/mL)

Pretreatment* 58+ 3.9 475+0.27 0.98 £ 0.08

Treatment (days)*

150 6.1+23 4.83+0.23 0.94 £ 0.07

300 54+44 5.12£0.89 1.02 +0.09

450 6.2+3.3 492 +£0.37 0.99 £ 0.08

540 5945 5.63+0.31 0.96 £ 0.09

Reversal (days) #

150 6.3+3.2 487+0.21 1.01+0.05

* -valuesare SEM of 10 animals; # - vauesare SEM of 7 animals.
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