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Fracture Healing and Bone Mass in Rats Fed on
Liquid Diet Containing Ethanol

Nurzat Elmali, Kadir Ertem, Stleyman Ozen, Muharrem Inan, Tamer Baysal, Guntekin Guner, and Arslan Bora

Background: Studies in animal modeis for alcohol abuse have suggested that ethanol inhibits bone
arowth, decreases bone formation. and increases fracture risk.

Methods: Experimental tibia fracture healing in rats fed a liquid diet containing 7.
weeks was investigated with histoiczical and osteodensitometric studic with respect to lhe control group.
After 4 weeks of vitamin A- and sucrose-enriched milk containing 7.27. :*hanol feeding. we created closed
tibia [ractures. which were then fixed with intramedullary nails. in 10 rais. Afier a follow-up time of 4 weeks.
the rats were killed for examination. The same procedure was performed in another 10 rats, which were fed
on the same diet (isocaloric modified liquid diet) but without ethanol and used as the control group. A i

% ethanol for 3§

histological scoring system was developed for fracturc henlmn
Results: Histological evaluation of fracture regxomrcvealed an average fracture heaiing score of 1.9 in

the ethanol-fed group versus 2.6 in the control-gx

abscrptiometry measurements in the fraclurgﬁegog?h' Sipshi

e’em”. whereas it was 0.130 = 0.051 g/cm? imthe control ;o
Y

he lstgroup versgsD 128 = (.06 g'cm* in the control group

in the fracture region was 0.103 = 0.08 g/én

(r = 0.000}. A significant correlation wasfund imong h:stor
£ = 0.04), and bone mineral content (r = 0.63 p=0

pe=.0.014). In the test croup. dual-energy x-ray

c&.mean bone mineral density of 0.11 = 0.03
p ;0 000). The mean bcne mineral content

lswreL bone mmer._l density (r = 0.6

Conciusions: This studv showed that rats fed o) &uﬁ’ﬁﬁled with ethanc| have a histologically delaved

fracture healing associated with deucased bone- densx
of ethanol on bone metabolism. it also interderes \ut.h.

%
?mnd mineral conten:. Besides the necative effects

“fracture- healinz process.
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ONG-TERM —\LCOHOL CONSUMPTION can inter-
fere with bone growih andireplacement of bone"tissue
(i.e., remodeling), resulting in decreased bone density and an
increased risk of fracture (Kristensson et al., 1980; Maran et
al,, 2001; Nvquist et al.. 1999; Sampson et al., 1998; Turner,
7000) However, pathogenesis. of alcohol- associated bone dis-

A dechne in both the numbeér and function of the osteo-
“hlasts results in.decreased bone volume and strength. The
amount of bone ‘mineral is parallel to the strength of heal-
ing bone tissue. Dual-energy x-ray absorptiometry (DEXA)
is a useful method in evaluating both bone mass and
strength of fracture healing (Aro et al., 1989; Markel and

ease and the effect of chronic aJcohoksmtm f:ﬁcnne‘heﬁlmg *’Chzfo;:l99 3., In this“study, we evaluated the effects of

ES B

remain unclear. Alcohol-induced osleopema seems 1o be mul-
tifactorial, including hormonal changes, liver citthesis;.and *
malnutrition (Santolaria et aL, 2000). RS

Histological evidence for decreased bone [ormation is
supported by consistent findings of reduced serum osteo-
calcin, a protein secreted by osteoblasts and a biochemical
marker of bone formation. A decrease in osteocalcin level
after ethanol intake suggests that ethanol may have a direct
toxic effect on osteoblast activity and proliferation (Bikle et
al,, 1993: Chavassicux et al., 1993; Gonzalez-Calvin et al.,
1993; Medras and Jankowska. 2000; Pepersack et al.. 1992).
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elhanol on fracture healmo and bone mass bv using histo-
logxcal and DEXA techniques in raws fed a liquid diet
‘containing 7.2¢ ethanol for 8 weeks.

METHODS

Adult male Wistar rats. weighing 218 to 280 ¢ at the beginning of the
experiment. were used. They were placed in a quiet, temperature (21 =
2°C)- and humidity (60 = 5% )-controlled room in which a 12-hr light:di.x
cycle was maintained. They were individually housed and were submittzd
10 forced aleoholization as previously described (Uzbay and Kavaalp.
1995). Briefly. all rats were fed by a modified liquid diet ({MLD) for 7 days.
The compusition of the MLD was cow’s milk, 925 ml: vitamin A. 3000 1U:
and sucrose, 17 ¢. The MLD had 4.187 kj/liter. At the end of 7 days. MLD
with 2.4% eth: anol (v/v: ethanol 95.6%%, Tekel. Turkish State Monopolv
Izmir) was administered to group 1 (ethanol-treated rats, 1 = 10) for 3
days. Then. the ethanol concentration was increased to 4.8% for 3 days,
and finally the rats completed the rest of the 8 weeks with a diet containing
7.2%% ethanol. When the ethanol concentration was increased, sucrose was
rcduced to nmintain the isocaloricity of the diet. Group 2 (pair-fed control
rats. 2 = 10) was fed an isacaloric MLD without ethanol throughout the
experiment. MLD was prepared daily and presented at the same time of
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the day (1100 hr). The liquid diet was offered in special glass bottles to

' prevent spillage. Water was aiso freely accessed in different bottles. At the

[,
.“/]ndo“s (SPSS Inc.. Chicago. IL). Weight. bone mineral demuv;(BMD),
BMC) values of each grou were expressed as -

end of 4-week period, closed tibial fractures were developed and fixed
intramedullarily. All rats were maintained on the liquid diet regimen for 8
weeks. The daily weights of the rats and the amounts of diet intake were
recorded. All experiments in this study were performed in accordance with
the guidelines for animal research from the National Institutes of Health
(National Research Council. 1985) and were approved by the Committee
on Animal Research at Inonii University, Malarva, Turkey.

Surgical Technique

In this experimental study, a modified method of developing closed
tibial fracture on rats, described by An et al. (1994), was used. In exper-
imental fracture healing. it is important to obtain a standard fracture. We
developed fractures with the same mechanism after gaining experience on

* more than 20 rats killed for other research in our laboratorv. The rats in
the test and control groups were anesthetized intraperitoneally with chlo- -

ral hvdrate 36 mg/ml (1 mi/100 g body weight). After local preparation of
the skin. a I-mm Kirschner wire was inserted percutaneously just proximal

10 the tibial tuberosity into the intramedullary canal. and a tibial fracture 4 »,

L

s created at the junction of the middle and distal third of the tibia wj
nual bending until the bone broke. After reduction of the fractu
Kirschner wire was proceeded up to the ankle level. All fractures

Lodsrsi RN

The bones were evajuated “llh the small-animai ;cn“are_prozmm of
the Noriand XR-36 bone densitometry 2quipmen
tems. Inc.. White Plains. NY). After the densitome:ric e.v'aluauon oflhc
samples in groups. statistical analyses were pericimed. Afier décalcifica-
tion in formic acid and staining with: hematoxyiin and eosin. the bones
were evaluated histologically. A scoring system was aeveloped Iorfrm:!urt
nealing. Tois svstem included zero points for ronunion. one poml for
heuling with complete tibrous callus, twe points for some caicification with
ssue dominancea. and three points for compiztely calcified callus

(J)ste

fibrous ¢
or new bone formation dominance (Figs. 1-3).

= Y j’;h.{:}

TR

10.0 of SPSS for

Stauistics

iatistical analyses were performed wnh version

and bone mineral content (
mean = SD and * :r2 compared by use of the Mann -

detecting differences betwesn independent groups. In the evaluation of
2siimated. A value of

“itney U test for

correlation, Spearman’s corzelation coefficient was
p < 0.3 was considered to be statisticaily significant.

RESULTS

The animals were in excellent health throughout the
treatment. None of them developed infection. Neither
group showed any difference in physical activity. At:the
beginning of the experiment, there was no difference. be-
tween the weights of the test and control group rats (p =
0.364). At the time of killing, all animals were approxi-
mately the same weight (control and ethanol-fed rats; p =
0.384; Table 1). During the experiment, rats ingested 7.2%
ethanol, 16.0 to 20.4 g/kg/day (mean, 17 g/kg/day, corre-

_ spondmg to 45 g/day Fig., 4 "The Instologxca] study'

: (Norland Medlml Svsjh
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Fig. 1. Healing with fibrous callus: the entire section shows only fibrous tissue
proiiferation with new capillaries (hematoxylin ana eosin. - 40). Although none of
control group rats snowed this kind of healing, in ethanoi-treated rats nealing with
;forous callus was opserved. .

#

Fig. 2. Healing with fibrous tissue dominance and some chondrocytes lo-

gether with matrix calclflcauon (hematoxylin and eosin, - 40). In both groups, this

»,'Jund of. heahng was‘zean..auhough in the etharol-treated group it was more
s Hom

i cbviousme e i

sho“ed lh’l' 'he average score of fracturc 12aling was 1.9 in
ethanol-fed rats and 2.6 in control rats. Tius difference was
statistically significant (p 0.014; Fig. 5). The DEXA
measurements of the fracture region demonstrated thut
tibial BMD'ranged from 0.106 to 0.117 g/cm® (mean, 0.111
+ 0.035 g/cm?) in ethanol-fed group and from 0.120 to
0.137 g/cm? (mean, 0.130 = 0.05! ¢/cm®) in the control
croup. The difference between the groups was statistically
significant (p = 0.000; Fig. 6). Measurements with DEXA
demonstrated that BMC in the fracture region was 0.089 to
0.116 g/cm? (mean, 0.103 = 0.083 g/cm?) in the test group
and 0.120 to 0.139 g/cm® (mean, 0.128 = 0.060 g/cm’) in the
control group (Fig. 7). The difference between the groups
was also statistically sxgmflcant (p = 0.000). A sxgmfxcant _
correlation was found among histological scores' BMD (r = =
064p-004) andBMC(r' 063pv o




Fig. 3. Healing with new bone formation within bone lamellar and residual
chondrocytes with mineralized matrix (hematoxylin and eosin. + 40). Such healing
was significant in control group rats without ethanol feeding. |

Table 1. Body Weight and Weight Increase in Ethanol-Fed Rats and Comrofté‘
During an 8 Week Fracture-Healing Sruoy ,«& %"’

Control (g)  pyVatte. A

Variable Ethanot-fed (g)
Initial weight 2502 = 17.4 214 = 17.45EN0SE ™
Last weignt 2775 = 157 272 = 16.6 0384~
28-635  27.3-522 “0.940

Weight increase in § weeks

Data are presented as mean = SD.

DISCUSSICN

The precise effects of alcohol on the huran skeleton are
ot known because it is difficult to distinguiSh the specific
effects of ethanol from comorbidity=tactors Such as poor
autritional status. deficiency of ejectrclytes.. mal:tbsorplnon
related to chronic pancreatitis, cigarette smoking, and ab-
aormal liver function. In addition. it is often difficult to
interpret the human studies because of wide variations of
the patient population in age and duration and patterns of

alcohol abuse (Turner, 2000). Although the effects of}alco- 3
hol consumption on bone have been studied exf’hsxvely m-

animal models, there is no ideal animal model that maxches
the human situation completelv. Rats have been used for -
the studv of the mechanisms by which alcohol affects bone
mass, volume. and strength (Hogan 2t al., 200 1; Kusy et al.,
1989; Peng et 2!, 1982; Sampson, 1998, Tac :?~:‘off and Hoff-
man, 2000). In addition, rats are reported tg be the most
frequently used animals for studies of fracture healing (An
et al., 1994; Janicke-Lorenz and Lorenz, 1984). In rats,
chronic ingestion of alcohol causes tolerance devzlopment.
To obtain this tolerance, alcohol may be given by inhala-
tion, nasogastric tube, or liquid diet. In experimental stud-
ies, giving alcohol as liquid diet is generally preferred due
to easy preparation and dose calibration. In the nutrition of
mammals, milk contains almost all of the essenual factors
except vitamin A. In our study, an MLD re_mforced with
vitamin A and sucrose, described by Uzbay and Kayaalp
- (1995), was used. With this diet, the ethanol consumed by

the rats ranged from 12.6 to 17.6 g/kg/day, and an average
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Flo; -The graph shows the daily amount of 7.2% ethanol intake (rangc:
g/kg, mean, 17 g/kg/day, corresponding to 4.5 g/day).
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Fig. 5. The graph shows the histological scores oi the fracture region. The
average score of {racture healing was 1.9 in the etnan )l-‘2d group and 2.6 in tne
controi group ip = 0.014, Mann-Whitney U test). Althou:: * ~0 nonunion was notea
in the nistological evaluation of fracture healing in relation to the levei of repair
process. it was observed that fracture heaiing in rats fed a liquid diet containirg
7.2% 2inanol progressed more slowly. ‘

301 mg/d! blood alcohol level was obtained at the end of 4

weeks.
The dose dependency of ethanol-induced derangements

of bone and mineral metabolism is unknown. In male

chronic alcoholics, a daily consumption of ethanol exceed-
ing 120 g/day (correspondmg to 1.7 g/kg/day) has been
reported to have a negatwe effect on BMD and biochem-
ical markers of bone® metabohsm (Maran ‘et al, 2001;

NquISl et al., 1996) However itis dxfﬁcult to demonstrate ‘
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Fig. 6. The comparison of bone mineral density (BMD) values of the !racm‘)

region in both of the groups. Mean BMD was 0.111 = 0.035 g/cm? in ethamllegaﬂ 'SIO

rats and was 0.130 = 0.051 g/cm? in the control group {mean = SDMT=10) %
Dit'erences between BMD values were significant (o = 0.000, Mann-Whi!neyEU
test). - . S
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Fig. 7. The comparison of Done minerat content (BMC) values in "= fracturec
region in boin of the grouos. Mean BMC was 0.103 = 0.083 g/crm - the test
group and 0.128 = 0.060 g/cm:' in the control group fmean = SD. 7 = Q).
Diterences Setween 3MC values were significant (p = 2.C00, Mann-"Nhitney 1J

lest).

either alcohol-induced bone loss or an increased fracture
rate in population-based studies (Hoidrup et al., 1999;
Hollbrook and Barret-Cannor, 1993; Perry et al., 1999).

Additionally, the level of ethanol consumption in rats can-
not be related directly to humans because the rates of
metabolism differ between the species. In the expenmemal
study of Nyquist et al. (1999), male rats were fed a liquid
diet containing 15% ethanol for 5 weeks. In their study of .
male rats, the daily intake of ethanol was 3.1 g (SD 0.2,
corresponding to 7.2 g/kg/day). They found that"ﬁ[‘hls

o .
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amount of ethanol concentration in the liquid diet caused a
significant reduction in BMD and an increase in healing
time for transverse fractures. In another study, which used
the Lieber-De Carli diet (Lieber and De Carli, 1989),
inclusion of ethanol 9 to 15 g/kg/day and consumption of
alcohol that comprised 36% of caloric intake for 3 weeks
uthibited bone formation; this delayed bone mineralization
and decreased bone strength (Turner et al., 1991). In our
study of rats, the daily intake of 7.2% ethanol was 16.0 to
20.4 wke (4.5 g/day; corresponding mean, 17 wkg/day).
Using this liquid diet containing 7.2% ethanol in rats, we
observed a significant reduction in BMD and BMC values
with the DEXA method. We believe that this diet is very
beneficial in experimentally evaluatmo the effects of etha-
nol on bone.

Although no nonunion was noted in the histological
evaluation of fracture healing in relation to the level or

5 repalr process, it was observed that fracture healing in rats

fp_d a liquid diet containing 7.2% ethanol progressed more
owlysin correlation with BMC and BMD values.

7 7 Jn conclusion, our study showed that rats fed an ethanol
mxiéd% t-have histologicallv delayed fracture healing as-
sociatéd with decreased bone density and mineral content.
BeSides the negative effects of ethanol on bone metabo-
hsm, it also interferes with the fracture healing process. To
plain the mechanism of this effect, we believe that more
advarced brochemical and molecular rasearch is needed.
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