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ABSTRACT

Theaim of study wasto investigatethe influenceof hempmilk (emulsionof hempseed
grindedand mixed with waterin 1:5 ratio) on body weight gain internal organsweight,
insulin and thyroid hormonesserum concentratiorand blood lipid indices. The studies
werecarriedout on 40 femaleWistarratsandweredivided into two experimentghat differ

the way of hempmilk administeredo ratsfor 21 days. In Experimentl rats were given
intragasticallywater(l), hempmilk (1) andhempmilk 1:1 (lll). In Experimentll control
animalshadfreeaccesgo the waterandexperimentatatshadfree accesgo the hempmilk

insteadof water. Resultsobtainedprovide the first demonstratiorthat after hemp milk

both intragastricand ad libitum treatmentleads to the significant reduction of serum
triglyceridesandcholesterotontent,including total, free andesterifiedforms of this sterol.
Moreover significart decreasef thyroid hormonesvasobservedn experimentatats.

INTRODUCTION

Cannabidgs probablyoneof thefirst plantsto havebeenused(andlater cultivated)by
people.Throughouthistory hemphasoften beenan importantplant for its useful for folk
medicinefor its stimulationof liver andkidney function, in industry asa sourceof fibre, and
for the food providedby its seed1]. Thefruit of hempareconsumedvholeor employedasa
feedfor birds andfishes[2]. Hemp seedshareswith no other plant resource poth a high
contentof easilydigestiblecompleteproteinandarich sourceof oil providinga favorableratio
of thelinoleic (C182,n-6, LA) andlinolenic (C18:3,n-3, LNA) essentiafatty acidsrequired
for properhumamutrition [3]; in additionto a significantcontributionof stearidoniqC18:4,
n-3, SDA) andgamma-linolenic(C18:3p-6, GLA) acidof potential therapeuticefficiency[4,
5]. In thebody GLA is normallyderivedfrom LA andservesassubstratdor the formation of
eicosanoidsvhich perform numerousvital roles. The metabolicconversiorof LA to GLA is
slow in mammals.Further,it hasbeensuggestedhat dueto stressagingor pathology (e.g.,
hypertensiondiabetesgtc) formation of sufficientamountor balanceof eicosaoids may be
impaired,andthis problemmay berelievedby directGLA supplementatiof6].

Wholehempseedcontainsalsoapproximately30% protein,10% dieteticfibre, aswell
asarich array of minerals,the latter of which is an importantenzyme co-fad¢or for human
fatty acidmetabolisni2, 7].

Theseuniquenutritional qualitiesof hempseedgprovide possibility of improving both
health and condition for humans and animals. However, influence of hemp seed on
physiologicalandbiochemicalparameter$ias to bethoroughlyexamined.

Thereforethe aimof the presenstudieswasto investigatethe influenceof hempmilk
(emulsionof hempseedgrindedand mixed with waterin 1:5 ratio) on body weight gain and
internalorgansweightin rats. Blood hormonesconcentratiorand somemetabolicparameters
reflectinginsulinandthyroid actionwerealsodetermined.



MATERIAL AND METHODS

The studieswere carriedout on 40 femaleWistar rats (90+3 g) andweredividedinto
two experimentshat differ the way of hempmilk administrationto rats for 21 days.Results
of chemicalanalysesof hempseedand hemp seedmilk usedin our experimentshavebeen
shownin tablel.

In Experiment 24 rats weredividedinto threegroupsof 8 animalseach:1 control —
water, Il —henp milk andlll —hempmilk 1:1 (hempmilk mixed with waterin 1:5 ratio). The
water,hempmilk andhempmilk (1:1) were given intragastricallyfor 21 days (9 a.m.)at a
volume0.5ml per 1009 of body weight/day respectivelyTheseall animalshadfree acessto

thewater.

Table 1. Composition of hemp seed and hemp milk

Composition % Hemp seed (uncovered) Hemp milk
Ash 6.99 0.47
Protein (N x 6.25) 30.4 2.6
Total carbohydrates 19.91 0.3
Crude fiber 8.3 0.4
Water 6.0 91.6
Fat 28.40 4.61
Energic valueKcal/100 g product 456.84 53.09
Vitamins, mg/g

E 30.1 0.42
C 14.4 2.1
B, 9.3 1.1
B, 10.7 0.8
Bs 25.1 2.4
Bg 3.1 0.03
Fatty acid composition ( % fat)

Palmitic (C16:0) 6.2 6.5
Stearic (C18:0) 2.5 2.4
Oleic (C 18:1) 9.9 10.2
Linoleic (C18:2) 55.2 57.1
Gammalinolenic ( C 18: 3 n-6) 2.8 2.1
Alfalinolenic (C 18: 3 n-3) 21.3 19.8
Stearidonic (C18:4 n-3) 1.2 1.2
Arachidic (C 20:0) 0.6 0.4
Eicosenoic (C 20: 1) 0.3 0.25
Amino Acids (g/16g N or g/100 g protein)

Alanine 4.26 5.20
Arginine 13.93 13.56
Cystine 6.15 nd
Glutamic Acid 14.68 16.49
Glycine 4.40 4.74
Histidine 3.89 3.62
Isoleucine 3.85 4.07
Leucine 6.46 6.78
Lysine 3.31 3.62
Methionine 6.70 5.42
Phenylalanine 3.96 4.07
Proline 3.96 4.97
Serine 3.65 3.84
Threonine 2.84 3.39
Tyrosine 2.94 3.62
Valine 4.43 5.65




Composition % Hemp seed (uncovered) Hemp milk

Heavy metals, mg/kg

Cu 15.75 0.09
Cd 0.12 0.01
Pb 1.50 0.02
Zn 55.35 5.06
Hg 0.02 0.01

Cannabinoids, g/g

_9tetrahydrocannabinol 0.1 nd
Cannabidiol 0.9 nd
Cannabinol nd nd

In Experimentl (16 rats, n=8) animalsof Group 1 — control had free accesdo the

waterandratsof Group?2 - freeaccesso the hempmilk insteadof water.
All ratswerehousedn standardcconditions(temp 23°C, photoperiodl2:12)andwerefed ad
libitum with the laboratoryfood. Threetimesa weekbody weightanddaily hemp milk and
water intake were noted. Twenty-four hoursafter the last treatment,all of the animalswere
decapitatedheninternalorgansveightedandbloodcollected.

Hormones in serum were assayedradioimmunologically using kits: from Linco
ResearclfUSA) for insulin, from Orion Diagnostica(Finland)for triiodothyronine (T3) and
thyroxine(T,) andfrom CISBio InternationalFrance¥or freetriiodothyronine (fT 5) andfree
thyroxine (fT 4). Glucosewas determinedising o-dianisidin, peroxidasend glucoseoxydase.
Serumtriglycerideslevel wereassayedyy the methodof FosterandDunn [8], and different
cholesteroforms— enzymaticallyusingcholesterobxidas€9].

All dataarepresentedismeant SEM. Statisticalcomparisorof Experiment datawas
performedby ANOVA followed by the Multiple Range Test of Duncan. An unpaired
Student’st testwasusedto assesslifferencedetweer? groupsof Experimentl.

RESULTS

The meansof hempmilk drankad libitum by rats was 28 ml/100g b.w./day, whereas
the meanamountof waterdrankwas12.3ml/100gb.w./day.The goodhealthandcondition of
all animalswerenotedduringinvestigation.

Resultsin Table 2 showed non significant reduction of body weight only after
intragastrically treatment (17%) and drinking ad libitum (5%) non-diluted hemp milk.
Simultaneously,no changes were observed for kidney and liver. To the contrary,
intragastricallyadministrationhemp milk and hemp milk (1:1) enhancedno significantly
thyroid glandandadrenaldy 20%and8% respectivelyjn comparisorto control.

Our datashowedthat the factors containingin hemp milk influenced on endocrine
system(Table 3). The changesconcerningblood insuin were distinct and were expressed
increaseinsulin level by 86% and 76% in group Il and lll of Experimentl respectively,
comparedvith control. Freeacces$o hempmilk for 21 dayscausedesserelevation(18%) of
blood insulin. Besideschangedievel of insulin, deep alterationswere also noticedin blood
thyroid hormonesconcentration®f hempmilk treatedrats. Thesealterationsdependon the
way of hempmilk administrationTheincreaseof thyroxine,fT, andfT3 (p<0.05)levelshave
beenshowedafter intragastricallyhempmilk provided.Contraryalteration,howeverdeeper,
were observedfor T4 (p<0.01)andfT 3 (p<0.05)of animalswhich had free accesdo the
hempmilk for 21 days.



Table2.

Effect of hempmilk adhibitedrats intragastricallfExpaiment Table2. I, 0.5ml/100g b.w.)
andad libitum (Experimentl) for 21 dayson body weightgainandinternalorgansveight

Experimentl Experimentl|
hemp milk intragastrically hemp milk ad libitum
Parameter I [ 1 2
control hemp milk | hemp milk control hemp milk
(1:1)
Daily body gain, [g] | 2.8%0.39 | 2.5%0.13 2.95:016 3.10t0.16 | 2.94+0.09
Liver 3.91+0.04 | 3.88t0.10 | 3.89t0.09 | 4.10t0.10 | 4.08t0.11
[g/100gb.w.]
Kidneys 0.66t 0.02| 0.68:0.02 | 0.69t0.01 | 0.6#0.01 | 0.73:0.01
[9/100gb.w.]
Thyroid 6.19:t0.60 | 7.41+0.51 | 6.18:0.46 | 6.20t0.43 | 6.10t0.55
[mg/100gb.w.]
Adrenals 26.90t2.86 | 25.92+2.05| 29.1%1.24 | 30.2%1.54 | 31.08:1.39
[mg/100gb.w.]
Ovaries 59.23t3.41 | 58.4#3.26 | 56.55:2.88 | 53.35:2.17 | 61.2(:1.44
[mg/100gb.w.]
Uterus 26.90t2.86 | 25.92:2.05| 29.1%0.4 | 30.2%1.54 | 31.08:139
[9/100gb.w.]
Table 3.

Effectof hempmilk adhibitedntragastricall(Experiment, 0.5 ml/100gb.w.) andad libitum
(Experimentl) for 21 dayson hormondevelsin serumrat

Parameter Experiment | Experiment II
hemp milk intragastrically hemp milk ad libitum
I Il I 1 2
control hemp milk | hemp milk (1:1)| control ad libitum

Insulin 0.55t0.13 | 1.02+ 0.29 0.96+ 0.34 0.72£ 0.17 0.850.35
[ng/ml]
Ty 43.68:3.71 | 54.92 6.13| 45.44 3.46 | 51.36:3.55 | 44.86t 2.83
[nmol/L]
fT,4 17.653.05| 23.3% 2.89( 20.48& 2.17 | 21.8%1.97 | 12.6& 0.99
[pg/mi] A A
Ts 1.47#0.06 | 1.58: 0.12 1.43t 0.07 1.65- 0.07 | 1.52+0.10
[nmol/ml]
T3 448 0.29 | 5.6+ 0.42 4.84+ 0.23 5,58t 0.28 | 4.62+0.17
[pg/ml] a a a a

a, b — valuesin rowswith the samdettersdiffer significantly (p<0.05)
A, B —valuesin rowswith the samelettersdiffer significantly (p<0.01)




Simultaneouslydifferencesin insulin and thyroid hormonelevelswere accompanied
by changesn carbohydrateandlipid metabolism(Table4).

Serum glucoselevel was increasedin hemp milk drinking and intragastrictreated
animals.This increasewas significantlyonly after intragastricallyadministereaf non-diluted
hempmilk. This way of animalstreatmentalsoevokedaugmentatiorof triglyceridesand all
formsof cholesteroin ratsserum.In contrary,hempmilk mixed with waterin 1:1 ratio, after
the sameway of administrationsignificantlydecreasedll lipid parameters.

It hasto be emphasizedthat hemp milk adhibitedad libitum evokeda marlkedly
reductionof all lipid serumparametersThis decreasavasdueto significantdepressiorof free
cholestero(p<0.01)andtriglyceridegp<0.01)anddrop of total andesterifiedcholesterol.

Table4.
Effectof hempmilk adhibitedntragastricallyExperimentl, 0.5-ml/100gb.w.) andad libitum
(Experimentl) for 21 dayson metabolicindicesin ratsserum

Parameter Experiment | Experiment Il
hemp milk intragastrically hemp milk ad libitum
group | group Il group Il group 1 group 2
control hemp milk | hemp milk control ad libitum
(1:1)
Glucose 4.91+0.16 | 5.14+0.19 | 555+ 0.23 | 5.65:0.21 | 5.950.21
[mmol/L] a a
Cholesterol total [ 1.59 0.06 | 1.74t0.07 | 1.29%0.05 | 1.43t0.12 | 1.28:0.10
[mmol/L] A B AB
Cholesterol free | 0.24- 0.03 | 0.30: 0.03 | 0.2+ 0.02 | 0.28: 0.03 | 0.19+ 0.02
[mmol/L] a a A A
Cholesterol ester] 1.35+0.07 | 1.43+0.06 | 1.08: 0.04 | 1.150.10 | 1.09 0.09
[mmol/L] A B AB
Triglycerides 3.52+ 0.26 | 4.29%0.21 | 3.43:0.21 | 4.03:0.32 | 2.750.14
[mmol/L] a aB B A A

a, b — valuesin rowswith the saméettersdiffer significantly (p<0.05)
A, B —valuesin rowswith the sameettersdiffer significantly (p<0.01)

Intragastric treatment by non-diluted hemp milk also evoked augmentation of
triglyceridesandall forms of cholesteroin rats’ serum.In contrary, hemp milk mixed with
water in 1:1 ratio, after the sameway of administration,significantly decreasedll lipid
parameters.

It hasto be emphasizedthat hemp milk adhibitedad libitum evokeda markedly
reductionof all lipid serumparametersThis decreasevasdueto significantdepressiorof free
cholestero(p<0.01)andtriglycerideqp<0.01)anddrop of total andesterifiedcholesterol.

DISCUSSION

Many substancethat occurnaturally in food plant may modify, in a significantway,
the metabolicprocessesn their consumersThe evidencein the literature shows that this
occursthroughchangesn hormonesoncentratiorf10].



Resultsof the presentedtudiesprovide the first demonstratiorthat hempmilk leads
to thereductionof the serumtriglyceridesand serumcholesterokcontent,including total, free
andesterifiedform of the cholesterol.

The nutritional programandthe food werethe samefor both control andexperimental
animalsandsothis decreasef bloodlipid indiceswas presumablythe resultsof an alteration
in lipid metabolismin the liver after hemp milk consumption.Our results prove that rats
treated by ad libitum of hemp milk showed the greatestimprovementin blood lipids.
Particularly,it canbeseenn dropof triglyceridedevel.

Many studies with laboratory animals and humanshave shown that mammalian
thyroid hormonesare integral to hepaticlipogenesisand inducersof hepaticfatty acid and
triglyceride synthesig11]. Moreover,the hypocholesterolemiactivity of thyroild hormones
hasbeenwell known [12]. Our resultsdo not agreewith those suggestionsThe presented
experimentgrove hypocholesterolemieffects with lowered serumtriglyceridesand with
simultaneouslydecreasef thyroid glandactivity. In our opinion, changef hormonelevels
andlipid metabolismafter hemp milk arethe elementsof mechanismwhich connectsboth
dietary specificessentiafatty acidsandcompositionof proteins,especiallytheir sulfur amino
acidcontentwhich exertsa hypocholesterolemn effects[13]. This suggestioris in agreement
alsowith Cheemaand Clandinin[14] who notedthat PUFA the n-6 andn-3 families inhibit
the rateof genetranscriptionfor anumberof hepaticlipogenicandglycolytic genes.

Epidemiological studies have suggestedthat higher concentrationof circulating
cholesteroland triglyceridesis believedto be a major risk factor for atherosclerosisNew
strategiescould be developedfor the preventionor treatmentof coronary heart diseases.
Hemp milk, which in our studiessignificantly loweredserumtriglyceridesand all form of
serumcholesterolseemso beoneof that kind of anewproposition.

CONCLUSIONS

« Hemp milk adhibitedad libitum evokedsignificant reduction of free cholesterol
(p<0.01)andtriglycerides(p<0.01)anddecreasetbtal andesterifiedcholesteroin
serumrats.

« Hemp milk mixed with the water in 1:1 ratio also significantly decreased
triglyceridesandcholesterobloodcontentof intragastridreatedrats.

« Theincreaseof thyroid hormonelevels was observedafter intragastrichemp milk
provided.Contrary, the concentrationof thyroid hormonesof animal which had
freeaccesso hempmilk weresignificantdecreased.
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