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Intraocular Pressure, Organ Weights and the Chronic Use of 
Cannabinoid Derivatives in Rabbits for One Year 
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Three synt,hetic cannabinoid derivatives were applied topically to rabbit eyes t,wico tiail! 
for a year and intraocular pressure and body weight were measured every t,wo weeks. 
Twelvr rabhits initially received each drug. The intraorular pressure always showed a, fall 
of’ahont 1%%“,,, depending on the drug, which was sustained for about 3 hr before rising 
slightly; topical administration of a second drop 4 hr after the first usually caused the intra- 
ocular pressure to return to the level of the maximum fall. No t’olerance was noted sinc,r 
the intraocular pressure fall was tho same at the end of the year as it was the first week. 
Organ weights were measured at the end of the year and revealed t,hat the liver \+ght 
(g/l00 g body weight) of all treated groups was significantly decreased. One drug, the least 
effective in terms of intraocular pressure reduction, caused a weight decrease in four of thr 
seven organs examined. The most effective intraocular pressure-reducing drug (a water 
soluble compound) caused only a change in liver weight. Histological examination of tissues 
revealed no pathological changes that were related to the experimental keatment. 

Key words : rabbit; intraocular pressure; organ weight’s : body weight : cannahinoitls; 
c,hronic effects: ganglionertomy. 

1. Introduction 

Srvcral strtdies have been made of the acute effects of the primary active in~rcc[icrlt 

of lnarihuana, dg-tetrahydrocannabinol (dg-THC), and cannahinoid derivatives on 
intraocular pressure (IOP) in animals (Blumenthal, Tankelev and Ukstcin. 1976: 
Drtln. 1976; Green, Bigger, Kim and Bowman. 1977 ; Green and Bowman. 1976 : 
Green and Kim, 1976, 1977). All of these studies have concentrated on the inmlecliatc~ 
effects of single topical applications of drugs to animal eyes, although Green ct, al. 
(1977) reported data following go-day applications of synthetic cannabinoitl tlcriva- 
tivcbs t’o rabbit eyes. This study was continued with twice-daily drug administration 
over the following 10 months. Some other studies have been made of the rrlativv 

t,oxicity of several new cannabinoids (Thompson ancl Tang. 1976). whrrct SWWY 
ocular changes were described in dogs over a three day treatment period. 

Iu preclinical tests, dg-THC! has been given by smoking or intragastric rc)ntc:.q t,c) 
rats over periods up to 180 days (Rosenkrantz and Braude, 1976). The closes USWI 
were relevant to human usage (4 mg/kg by inhalation) and the results of a variety of 
tests indicated changes in behavioral, physiological. biochemical and morpholo$c:;~l 
characterist#ics. Organ weight increases were also found; particularly in t)ht: tcst,es. 
aclrenals. brain, kidneys, heart, liver and lungs. with respect to control aninlal organ 
weights over an Bi-day test period. 

The present study was undertaken to examine the chronic (one year) cflects of 
daily t,opical administration of three new synthetic cannabinoids on intraocular 
pressure and organ weights of rabbits. The cannabinoid derivatives have Beck 
previously described (Green, 1977: Pars et al.. 1976: Pars and Razdan. 19;6w,l): 
Razclan et al., 1976). 



2. Methods and Materials 

Albino rabbits, New Zealand straiu, weighing approxiulately 2 kg \vertb cll,t~;l.ittc~tl l’ro11l 
a conmlercial supplier. r’uder urethalle anesthesia, (%“{, w/v in 0.9”,, N;r(‘l so111t iotli 
admiukered intravenously) t,he ark& were subjectetl to left, superior c*ervic,;tI gatqlilltl 
ectomv. At 10 days post-surgery the complet,eness of t#he ~arl~lio,it?c,toJ~l\r \\‘;I.< tt~tc~l 11~ 
topical application of 0.19;, norepinephrine solution to both ryrs. (:;l;ipli,,ttt,c.t,c,ttti%(,,l 

animals were divided imto three groups of 12 rabbits per group :LIUI housed ittclivicltta IL!. 

The drugs tested were SP-1, an oil soluble nitrogen corlt:l.iIli~~~-~olrlpc~ut~~l witlt 111~ 

form of white cqstnlline solid : SP-106, \vhich is a water-soluble cottlpouu(l wit’ll :t II t>ht’tbt 
group on the phenolic hydroxy ant1 SP-204, which has a ruet,hpl r crroup ofI tlltr j)llt~tLt~lic 
group ant1 is also a, basic<, water soluble, ester (P;lrs et al.. 1976: R;tz(lan et ill.. 11)7(i). The 
drugs were synthesized and supplied by SISA, Tnc. of Cambridge, i\lilSSil(‘llltS?ttS. ‘I’llf’SC’ 

three compounds have been shown t,o have quantitatively different effects OII a va rkty 

of pliarniacological tests including inductioti of sedation, depression of ttlotclr aotivit !’ ;1 lltl 
;tnalgesia (Razdan et, al.? 1976). 

The drugs were solubilized, to a concentration of 0.1”;, (Green et al., 1977), ill 011~’ of 
two vehicles. The oil soluble SP-1 was dissolved in paraE oil (Fisher Scientific (‘~~IJJ:uI~) 

ant1 the other two drug3 were solubilized it1 ;I commercial artificial t,ear solution (lTltr:r- 
t,ears, Alcon Laboratories, Fort, Worth, Texas). The drugs were made fresh t,wicc weekly, 
and administered as a, .50 ~1 drop. The drop was applied in either the normal or t)he gattglion- 
ectomized eves, but always in the same eye on each successive occasion twice tlaily: (ItI 
every working day. It~itiwlly, half of each group received the drop iu the iiortti;tl (‘v(’ atl(l 

half in the g:;lllgliorlectorllized eye: due to the loss of some animals this tlivisiou coultl tlot, 
be maintained. Since some il,niulals died, prilnarilv due to respiratory probleiiis. tlttJ wtttititt- 
ittg rabbits were treated with tebracvcline it1 the drinking water for four or five tl:~vs tb:t(,11 
Inouth its :LJ~ effective prophvlwctic measure. 

The IOP and total body weight, of the animals were measured at approximatc~ly 2-\\-t)el< 
intervals through the study period. alt,hough body weights were not recortled OVPI’ the 
first 6-10 weeks. The IOP was me;xsuretl usiug at1 Alcon Prleutrlotonogr~~tph following the 

application of il. drop of W5y0 p ro p aracaine liydrochloride to the eye for 3-10 WC: followed 
by washing \vith 1 1x11 of 0.9 yi, NaCl solution. At, the beginning of each tlav during w1lic.h 
t,he IOP UYW determinetl, two series of IOP measurements mere made 3;) Jnill apilrt, to 
provide a base-line IOP for t,hat day. .i 50 ,uI drop of the drug was applied and t,he IOP 
was measured 30 tnin after drop application. at 1 hr and at each succeediug hour o\‘et’ tmlle 
next 6 hr (giving a total of 7 hr of IOP tueasurements after the initial drug ;~d~uitiistratiotl). 
A 50 ~1 drop was administered 4 hr after t,he first drop. 

At the termination of the experiuletlt, t\lTo-thirds of each group were taken for the 
deternrinntion of organ weights. Animals were killed with carbon clioxide a11(1 \-:rriow 
organs were inlmediatelv renloved. emptied (if applicable) washed and weighetl OII it single 
pan Sartorius balance to the nearest 10 11ig. Some tissues were taken from eac:h atlirri:tl, 
particularly those which showed large weight changes and fixed in I( loo neutral-bufferetl 
formnlin for histological examination. Korrnnl rabbits of approximately t,he s:tll~(’ wiglit 
and about 8- 9 mont,hs old were used as collt8rols for organ weight tleter,rllrlat’iotls. 

3. Results 

The average maximum fall in IOP in the normal and ganglionectomizetl eyes of 
each group of rabbits is shown in Table I. In normal eyes. the order of efficacy of t,he 
drugs in reducing IOP on a chronic basis is SP-106 > SP-1 > BP-204. In gq$on- 
ectomized eyes it is apparent that the differences between the drugs are not as clear 
and that the fall in IOP is not as great as found in t)he normal eye (Table I) hut 
primarily the following order applied. SP-106 > BP-204 > SP-I. With both normal 
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and ganglionectomized eyes there is a reasonable degree of variation in the value hr 

inaximum fall in IOP from week to week, although the fall is always greater than 15”:,. 
with maxima ~111 to 33% (in the normal eye). Despite the inherent variation, however. 
tlrup administration caused an IOP fall in both eyes and no evidence of tolerance i,q 
found. The baseline IOP for normal and ganglionectomized eyes was essentially un- 
changed from week 1 through the last measurement in all series of animals, with 
little week to week variation. Body weights were not determined until 6-10 week< 
hat1 passe~I but showed an asymptotic rise t,o a maximum. 

I ti4i s.4 
,. O-5 -f- I .:I 
144 Ii.5 

$-0.1 I.0 
I -/.!I !bIl 

4-11.7 0.s 
1%!J 11.7 

:! 1-i I .:! 
IS.5 1:(.5 

1 I)-!) !  11.5 

The mean organ weights of the treated groups are given in Table II as both ~‘a\\ 
clatw and as a fraction of the body weight, together v&h data obtained from non~lal. 

untreated animals. The liver weight, irrespective of the animals sex or treatment. 
expressed either as total organ weight or g/100 g botlv weight is significantlv ~OWW I 
t,han t,hat of normal animals. In some cases the liver. as well as being smaller. ten(l(~(l 
t,o be friable and easily fractured. Gross &sue examination showed that the hearts 
of treated animals tended to be soft and to have a lack of the normal rigitlitSv ant1 
tirmness. The only other organ affected is the heart of SP-106 and SP-20-l f’en~les 
which also shows a weight loss. The importance of other differences is unclear. 
especially due to the body weight disparity between groups. Histological esamiuat~iot~ 
of t.issues taken from various organs revealed normal cellular distribution and patterns 
with no immediately obvious pathological changes caused by the drug treatment : 
the appearance of all organs sampled fell within the variability observed within t lie 
nort~tal group. 

4. Discussion 

Some reports have been made of chronic rnarihuana use by smoking or oral 
administration in man (Hepler, Frank and Petrus. 1976; Jones and 13enowitSz. 1976). 
In one study, of 94 day duration volunteers smoked a minimum of two marihuaua 
ciga.rettes per day and were examined for ocular changes (Hepler et al., 1976). 
obviously, systemic pathological changes were impossible to observe. although sonle 
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of these volunteers were noted to have decreased circulat.ing plasma testosterone 
1~~1s (Kolodny, Lessin. Toro, Masters and Cohen: 1976). In the other study, oral 
AS-TH(! was given over a 30-day period and tolerance to the drug was notecl (,Jonrhc 
antI IJenowitz, 1976). 

The initial base-line IOP was remarkably con&ant when measured throughout 
the !YVI~. with as little as &2 mmHg between t,he bi-weekly determinations. This 
result, illustrates two points: (1) that the IOP hatI ret,urnetl t,u base-line following t.hcb 
~WV~OI~S day-(lrop application regimen and (2) there were no long-term tlrug ef%c~tr 
on the base-line TOP. In terms of the IOP. therefore. chronic drug use had no ;~ppart~tlt 
c*ffcact except for the daily fall in IOP following drug atlministration. The averages 
Itlaximtnn fall in IOP for all drugs was &Teater than 15”,,. and for SP-1 ant1 FP-106 
was usually at or about 20:,; at the concentration employed (Wl’!,,). 

Xo tolerance was noted to any of the drugs since the fall in IOP was rq)&xl)lt~ 
;UICI nho\ved no evidence of decreasing during the year (Tahle I). The fall in 101’ 
sho\vetl a similar daily pattern on each occasion it. was testrd. narnc>ly thr rcatluci ion 
in I( )l’ occurred rapidly after the administration of t,tle first clrol) ant1 renta in(‘(I lo\\ 
for ahout, 1 or 2 hr before beginning to increase. The addition of the second drop. -1 111. 
atit,r the first caused the IOP to show a slight fall before rising again at thtt 7 Ill, 
txxsation of measurement. There was no stat,ist.icallv significant, difference I)c+vc~c~tl 
r~ort~lnl cycs which received a drop and those which did not (the drop was l)lac~~(I itI 
the caontralateral ganglionectomized eye in the latter animals). The onset of tlw fijII 
in 101’. however. tended to be slightly later in its initiation in the eye which did Ilot 
r(ac(‘iv(’ t,he drop. The results were similar in the ganglion~ctomizetl t’ves. irlt hc)\lgtl 
f,trcl 101’ fall was less than that in the normal eye (Table I). 

7’11~ total organ weight data show that the only organ affectrd is the liver nhictt 
10s~ \\-eight, after all drug treat.ment.s (Table JI). \Vhen the data are espressecl ;I- 
g/l(N) g buds weight. another factor is introduced which markedly influt‘txes t tI(s 
cl;rt:r. I)ata &cad\- in the literat’ure (Jelenko. Anderson. Scott and Wheeler. 1 !)T I : 
t,:rti tiler and Sawin. 1955, 1957 ; TJevineZ Mann. Hodge _ Ariel and DuPont. I!)4 I) 
ill(licxtc t,llilt therfl is a tendencv for organ weights (t>xpreyse(I as g/l00 ,g hod>- wttipttt ) 
t,o (tctcrt2s;r as body weight increases. It. is inlnie~liat~el~- ol)viouc. that I)art of the> c>t.,z;lri 
\\-cigtlt tlxrease (g/l00 g body weight.) with the tlrups is causrcl 1)~ thr high IN,I~\- 
\\-cligtrt,, \\-hich relat,ivelv decrease the organ \\-eight,/h~Av \veight ratio. ;1.11(1 it 1. 
oln~ioiis frolic the t,otal organ weight data that .+iificailt tlifler?nccx-: with tlick (11.11~‘: 
otll!- (.x&t for liver and heart (Taljle IT). 

Thea order of efficacy of t,he drugs with regard to the fall in IOP was SP-1W 
SP-I ; SP-204. The significance of these olxervat,ions relates t,o the low daily ~lost~ 
of clrlq which \vas administered. which was only O-l'),, twice daily. d 50~1 cl~*op 
contaiuetl only 50 pg and in 150 ml of plasma (50 ml&g hotly weight) woulcl provitlc 
a p~‘ak plasma concentration. in the unlikely event of complete systemic abnorptic~tl. 
of 33 x 1 C5 m&n1 (plasma volume would be relatively nnchangetl with body \veipht). 
Tbc t.otal daily quantity of drug presented to the animal eats 100 pg or 25.--40 pg,‘kg 
(tlel)euding on the weight); at least one-hundredth of the (lailv dose of dg-THC’ MV~ 
I)?- Iiosenkrantz and Rraude (1976) in rats (4 mg/kg). . 

It appears, therefore, that despite the fact that the IOP fa,ll is both sul)stant.ial :IS 
well as occurring daily in response to drug application over periods up to one yew,r. 
other factors must be considered regardin g the potential clinical use of such drug<. 
All t,he drugs tested in this series caused a decrease in liver weight relative to normal 
both on an ahsolut,e and relative basis, and one drug cause(l significant organ wtGght 
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decreases in four of seven orpam measured on a relative basis. Such charigw ilrc 
important in terms of potential clinical utilization for t’hev imlicate that lfmp-tcwti 
we may cause deleterious changes in organ systems, alt,hough no pathological (.tt:wgm 
wcrc seen in the histological examinations. 
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